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ABSTRACT

T he  overa l l  aim of  the pro jec t  was  to inves t ig a te  the pool s  o f  LPL 

activity that exist  within chicken tissues in vivo.

Po lyc lona l  and m onoc lona l  an t i - ch icken  L PL  an t ibod ie s  were p roduced  

using highly purif ied  ch icken  ad ipose  t issue LPL as an im m unogen .  An 

a t t e m p t  was  m ade  to m e a s u r e  L P L  at the l u m i n a l  su r f a c e  o f  the 

c a p i l l a ry  e n d o th e l iu m  of  ind iv idua l  t is sues  u s ing  an i o d in a te d  a n t i ­

c h ic k e n  L P L  m o n o c l o n a l  a n t ib o d y ,  i n je c te d  i n t r a v e n o u s l y ,  in vivo .  

H o w e v e r ,  the t e c h n iq u e  was not  suc ce s s fu l  b e c au s e  high level s  of  

specif ic  an t ibody  binding were not  achieved.

H e pa r in - re lease  s tudies  us ing the i so la ted  pe rfused  hear t  m ode l  sys tem 

found  s igni f ican t  species  di ffe rences ,  be tw een  rats and ch ickens ,  in the 

regu la t ion  of  hepa r in - re lea sab le  L PL  in r esponse  to fas t ing.  The  low 

p e rc e n ta g e  o f  h e p a r i n - r e l e a s a b l e  L P L  ac t iv i t y  o b s e r v e d  in c h ic ke n

c a rd i a c  t i s sue  c o r r e s p o n d e d  to the r e l a t i v e ly  low a c c u m u l a t i o n  o f

t r iacy lg lyce ro l  N E FA  by the ch icken  m u s c u la r  t is sues  by c om pa r i son

with adipose tissue, fol lowing  the intravenous injection of  [^4 C ] - V L D L  in  

vivo.

Using  an t i - ch icken  L P L  an t i bod ie s  im m u n o c y t o c h e m i c a l  s tudies  on a 

var ie ty of  chicken ex trahepat ic  t issues  showed  the enz ym e  to be located 

p redom inan t ly  ex tr ace l lu la r ly ,  at the basem en t  m e m b r a n e  o f  the t issue 

p a r e n c h y m a l  cel l s  and  in a s so c i a t i o n  wi th  the i n te r s t i t i a l  c ap i l l a ry  

e lem en ts .  I m a g e -a n a ly s i s  was used  to quan t i fy  the poo ls  o f  e n z y m e

associated  with these compar tm ents  in chicken cardiac tissue. In chicken 

bone  m ar ro w  L PL  was found  in assoc ia t ion  with the ad ip ocy tes  and 

vascu lar  e lements  o f  the mar row mass, with a lack of  enzym e  associated 

with the h a e m a to p o i e t i c  cel ls .  I m m u n o c y t o c h e m i c a l  t e c h n iq u e s  were 

also used to invest igate  the t issue specif ic  deve lopmenta l  changes  which 

occur  in the dist r ibut ion of  LPL during the growth and maturat ion o f  the 

heart  and l iver of  the embryonic  chicken.

The  present  s tudy has iden t i f ied  several  pools  o f  LPL wi th in chicken 

t is sues  and  p r o p o s e d  that  the t r a n s p o r t a t i o n  o f  e n z y m e  f rom the 

inte rs t i t i a l  cap i l la ry  e lem en ts  to the lumina l  endo the l ia l  su r face  may 

play a role in the regulation of  funct ional  LPL activity in chicken tissues.
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CHAPTER 1

INTRODUCTION

1.1 Id en ti f ica t ion  o f  l ipopro te in  lipase

In 1943 Hahn  o b s e rv e d  the r eve r sa l  o f  a l im e n ta ry  l ipe m ia  in dogs  

fo l lowing  a t ransfusion  of  b lood conta in ing heparin  as an an t icoagulant .  

It was  e s tab l i shed  subsequen t ly  that  heparin  alone  was r espons ib le  for 

the e f f e c t  which  H ahn  (1943)  d e s c r ib e d  as the " c l e a r in g  reac t ion" .  

A n f i n s e n  et al. (1952)  p rov ided  e v idence  for  the conc lu s ion  that  the 

clear ing  of  pl asm a  turb id i ty  was  the r esu l t  o f  the action o f  a l ipolytic  

e n z y m e .  As the subs t ra te  spec i f ic i ty  be c am e  fu l ly  c h a ra c t e r i z e d  the 

enzyme was def ined as l ipoprotein lipase,  an acylglycero l  hydro lase  (EC 

3 .1 .1 .34 ) .

The physiological  role of  the enzyme and the site of  its act ion remained  

uncertain, until it was noted that rap id  appearance  of  the enzym e  in the 

b loodstream occurred  not only after  heparin inject ion,  but  a lso fol lowing 

the injection of  high molecular  we ight  dextran sulphates  which cou ld  not 

readi ly  escape  across  the vascu lar  endo the l ium  (Robinson  et al., 1959). 

This led to the suggestion that LPL was located on the luminal  surface of  

vascular  endothel ia l  cells. Its physiological  role at this site was proposed 

to be the h y d r o ly s i s  o f  l ip o p ro te in  t r i a c y l g ly c e r o l  wi th  the non-  

e s te r i f i ed  fat ty  acids  ( N E F A )  that  were  r e l e a s e d  d i f fu s in g  f rom the 

p l a s m a  into the t issues (Robinson  and  French ,  1960). M uch  subsequen t  

ev idence  (for reviews,  see Cryer ,  1981; Robinson ,  1987 and  Bensadoun ,  

1991) has supported this initial concept .

Long  chain  N E FA  are  a requ i rem en t  for  the s t ruc tural  and  funct iona l  

integrity of  all cells and are also an impor tan t  energy  source.  NEFA can 

be syn thes ized  by the cells de novo  or  be de r ived  from the plasma.  

There are two possible sources  of  N E FA  present  in the plasma. One form 

c o m p r i s e s  the N E F A  r e l e a s e d  d u r in g  the hy d ro ly s i s  o f  l ipop ro te in  

t riacylglycerol  by the action of  LPL while  the other  form is composed  of  

NEFA bound to a lbumin (Spector  et al., 1968).

Whils t  in the circulat ion,  p lasma t r iacylglycero l-r ich l ipoprote ins  are the 

subs t ra te  fo r  at l eas t  th ree  e n z y m e s ,  LPL ,  l e c i th in -c h o le s t e ro l  acyl  

t ransferase (LCAT)  and hepatic lipase. Hepat ic  l ipase which is found in
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the l iver  o f  m am m als  and birds,  but  at  low levels  in the lat ter  (Benson  

et al., 1975) ,  has been a s s o c i a te d  with the u p t ak e  o f  l ip o p ro te in  

rem nan ts  into hepa tocytes .  L C A T  ca ta lyses  the t rans fe r  of  acyl  groups 

from lecithin to the 3-OH posit ion of  free cholesterol  and  may play a role 

in the e ff lux  o f  c ho le s te ro l  f rom the pe r iphera l  t is sues  to the l iver  

(Smith et al., 1990).

LPL is certa inly the most  important  enzyme ca ta lys ing the hydrolysi s  of  

p l a s m a  l ip o p ro te in  t r i a cy lg lyc e ro l  in e x t r a h e p a t i c  t is sues  to p roduce  

N E F A  and glycerol.  The released  NEFA are then free to diffuse into the 

s u r round ing  t issue to be e i ther  ox id i sed  as an ene rgy  s ou rce  or  re- 

e s te r i f i ed  and  s to red d e p e n d in g  on the p h ys io log ica l  r e q u i r e m e n ts  o f  

the t issue.

1.2 The in teraction  o f  LP L  with the capillary  endo the lium  

E v id e n ce  to suppor t  the hypo thes i s ,  f irs t  p r o p o se d  by R ob inson  and 

French (1960),  that  the "funct ional"  site of  LPL act ivity is the capil lary 

e n d o th e l iu m ,  w here  it is i n v o lv e d  in the h y d r o ly s i s  o f  l ipop ro te in  

t r i acy lg lycerol ,  has subsequen t ly  com e  from m a n y  sources .  The  use of  

r a d i o l a b e l l e d  l ipop ro te in  t r i a cy lg ly c e ro l  and  the p r e c i p i t a t i o n  o f  the

r e l e a s e d  N E F A ,  u s ing  lead  salts ,  has  s h o w n  that  the p r o d u c t s  o f

l ipoprote in  hydrolysis  were gene ra ted  on ly  at the capi l la ry  endo the l ium 

and in the sub-endothe l i a l  space (Scow et al., 1976) . Pedersen  et al. 

(1983)  i m m u n o l o c a l i z e d  fu n c t io n a l  L P L  at the c a p i l l a r y  lum en  in

isolated rat hearts by perfusion with an anti -ra t  LPL an t ibody.  A s imilar  

techn ique was used  by Scho tz  et al. (1977)  who found that the addi tion 

o f  an t i -LPL antibodies  to the perfusion medium  of  the isolated rat heart  

p r e v e n t e d  c h y l o m i c r o n  h y d r o ly s i s  d u r in g  a 15 m in u te  p e r i o d  of

p e r f u s io n .

The role o f  LPL in vivo has also been demons t ra ted  by Kom piang  et al.

(1976)  by in ject ing an ant i -LPL  serum in travenous ly  into roosters  in an

a t t e m p t  to b lo ck  the c a t a b o l i s m  o f  l i p o p r o t e i n s .  F o l l o w i n g  the 

introduct ion of  antibodies  into the circulat ion there was a l inear increase

in the p l a s m a  t r i acy lg lyce ro l  c o n c en t ra t io n  and  from this  da ta  the

authors  conc luded  that  LPL m edia ted  hydro lysi s  was a p rerequ is i te  for 

the removal  of  l ipoprotein t r iacylglycerol  f rom the circulat ion.

2



Further  ev idence  for  the role of  LPL in p lasma t r iacylglycero l  c learance 

in vivo  has been p roduced  from clinical  studies on patients  with familial  

type  I p r im a ry  h y p e r l i p o p r o t e i n a e m i a  (Eckel ,  1989).  In these  cases  

pos t -hepa r in  p lasm a  and /o r  ad ipose  t issue  L PL  ac t iv i t ie s  are  low or  

absen t  and as a p roposed  consequence  p lasm a  l ipopro tein t r iacylglycero l  

concen t ra t ions  are ex t rem e ly  high. Lage r  et al. (1990)  showed  that  in 

some cases  this can be caused by ineffec t ive t ranspor t  o f  LPL from the 

Golg i  to the cell  surface of  ad ipocytes .  Alternat ive ly,  t issue L PL  levels 

m ay  be normal  but  pa t ients  may  lack apol ipopro te in  CII (Breckenr idge  

et al., 1978) , which is a r equ i rem en t  fo r  m ax im a l  enz ym e  act ivi ty.  In

both cases  r ed u c e d  levels  o f  l ipopro te in  hydro lys i s  leads to excess ive  

levels of  p lasma l ipoprotein t r iacylglycerol .

The exis tence  of  LPL in several  dis t inct  pools  within t issues  has been 

s u g g e s t e d  by the r e s u l t s  o f  s tu d i e s  on p e r f u s e d  h e a r t s  w h ich  

d is t inguished  two pools o f  enzyme act ivi ty di ffer ing in their  response  to 

hepa r in .  The  s m a l l e r  h e p a r i n - r e l e a s a b l e  pool  o f  L PL  ac t iv i ty  was 

though t  to be p re se n t  at the cap i l l a ry  en d o th e l iu m ,  with the la rge r  

hepa rin- res idua l  pool  being present  in the underly ing  t issue (Cryer  and

Jones,  1979). Removal  of  LPL by heparin perfus ion  o f  the iso la ted  rat

heart  lead to a comple te  loss of  the capac i ty  to ca tabo l i ze  exogenous  

t r iacylglycero l  (Lielding and Higgins ,  1974; Rogers  and Robinson,  1974). 

This  prov ides  ev idence  that the funct ional ly  ac t ive pool  of  the enzyme

c o r r e s p o n d s  to the r a p id ly  h e p a r i n - r e l e a s a b l e  poo l  o f  L P L  ac t iv i ty  

thought  to be located at the capil lary endothel ium.

Although the funct ional  site of  LPL act ion appears  to be the capil lary 

endo the l ium, endothel ia l  cells appear  to be incapab le  of  synthes iz ing  the 

enzym e .  Cheng  et al. (1981)  dem ons t ra ted  the absence  of  LPL on the 

surface o f  cul tured endothel ia l  cells a l though the cells were able to bind 

purif ied LPL with an aff inity constant  of  0.7 x 1( ) 7  M ' 1. These  authors  

found  that  e n z y m e  bind ing  was inh ib i ted  by heparinase ,  heparin  and  

hepa ran sulpha te .  On bind ing  of  e xoge nous  LPL the cells ,  however ,  

acqu ired  the capaci ty  to hydrolyse  t r iacylg lycero l .  The binding capaci ty  

for  LPL has been e s t im a ted  at 3.75 x 106  m o le c u le s  per  c u l t u r e d  

endo th e l ia l  cell  (Cheng  et al., 1981). C ryer  (1987)  ca lcu la ted  that an 

e ig h t - fo ld  m o la r  excess  of  ac t ive g lycosa m inog lyca n  b ind ing  sites for 

LPL were present  in re la t ion to the funct ional ly  act ive L PL  molecules  

bound at the endothel ia l  cell surface.
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1.3 M olecu la r  s tructure  o f  LPL

1.3.1 M o lecu la r  b io logy

The gene for LPL belongs to a family that includes the genes coding  for  

hepa t ic  l ipase and  panc rea t i c  l ipase.  The  p r im ary  se quenc e  o f  hum an  

LPL is 46% homologous with rat hepatic l ipase and 28% homologous  with 

po rc ine  pancrea t i c  l ipase ( K o m a r o m y  and  Schotz ,  1987) . The  p r im ary  

sequence o f  L PL  also shows hom ology  to the D r o s o p h i l a  yolk proteins

1,2 and 3 (Hide et al., 1992) a l though these lat ter proteins do not  exhibit  

l ip ase  ac t iv i ty .  T he  hum an  ( K i r c h g e s s n e r  et al., 1989) ,  gu inea  pig

(E ne rback  and  Bjursel l ,  1989)  and ch icken  (Cooper  et al., 1992) LPL 

genes  have  all  been i so la te d  an d  c h a ra c te r i z e d .  C o m p a r i s o n  o f  the 

s e quenc e s  sugges t s  that  du r ing  e vo lu t ion  the e x o n - in t ron  o rgan iza t ion  

has been highly conserved .  The  f irst  exon  conta ins  the 5' non-cod ing  

region of  the m R N A  and the LPL signal  peptide. The 2n(i and 8 lh exons 

contain the consensus  sequences for  N- l inked  g lycosylat ion  and the 10th 

exon specifies  the 3' non-coding  sequence.  From the o rgan izat ion  of  the 

genes for  LPL,  hepatic  l ipase and pancreatic  l ipase it has been proposed  

that these l ipases are der ived  from a s ingle ancestral  l ipase gene which 

had a m in imum of  14 introns (Kirchgessner  et al., 1989).

Based  on the c D N A  sequence  the p r im ary  sequence  o f  L PL  from six

spec ies  has been d e te rm ined :  ch icken  ( C o o p e r  et al., 1989) ,  m o u se  

( K i r c h g e s s n e r  et a l . ,1987) ,  h u m an  (W ion  et al., 1987) ,  gu inea  pig 

(Enerback  et al., 1987), sheep (Edwards et al., 1993) and bovine (Senda  

et al., 1987). The p red ic ted  amino acid sequences  for  the m am m al ian  

e nzym es  show an 83 -89% homology.  However ,  ch icken LPL,  a mature  

protein of  465 amino acids,  was found to be 73-77% homologous  to the 

m am m a l ia n  pr imary  sequences.  Conservat ion of  the pos i t ion of  cysteine 

r e s id u e s ,  p r o p o s e d  fu n c t io n a l  d o m ain s  and  po ten t ia l  N - g l y c o s y l a t i o n  

sites has been found in all of  the species  studied.  Ch icken LPL differs

from the m am m al ian  LPLs  in the posi t ion o f  one N-g lycosy la t ion  site

and the presence  of  an addi t ional  15-17 amino  acids  at the C-terminus  

(C oope r  at al., 1989). Based on the p r im ary  sequences  of  the amino-  

terminus region,  the length of  the s ignal  pep t ide is 27 amino  acids  in 

m a m m a l s  ( B e n g t s s o n - O l iv e c ro n a  et al., 1986) and 19 or  25 amino  acids 

in chickens ,  depend in g  at which of  two meth ion ine  res idues  t ranslat ion 

is initiated (Cooper  et al., 1989).
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1.3.2 P ost- tra n s la t io n a l  p ro cess in g

LPL is a g lycopro te in  con ta in ing  be tw een  3 and 10% ca rbohyd ra te  by 

weight  (Cryer ,  1987) and is thought  to be funct ional ly  act ive as a non- 

c o v a le n t  h o m o d im e r  in vivo  ( O l i v e c r o n a  an d  B e n g t s s o n - O l i v e c r o n a ,  

1987) .  S t r i e l e m a n  a nd  B e n s a d o u n  (1987 )  r e p o r t e d  the  ce l l  f ree  

t ranslat ion of  chicken LPL m R N A  in a re t icy locyte  system resul ted  in the 

product ion of  a 56 K D a  non-glycosyla ted  protein.  Inclusion o f  pancreat ic  

m ic rosom al  m em branes  resul ted  in the isolat ion o f  an addi t ional  62 KDa 

glycopro tein and  both proteins  were confi rmed  to be LPL.

The  on ly  o the r  pos t - t rans la t iona l  m od i f ica t ion  rep o r ted  to date  is the 

s u lp ha t ion  o f  ch icken  L PL  ( H o o g e w e r f  and  B e n s a d o u n ,  1991) . The  

su lpha ted  m oie ty  is a s soc ia ted  with a c om p le x  o l ig o s a c c h a r id e  chain 

con ju ga ted  at Asn 45. This  modif ica t ion has no effect  on LPL catalyt ic 

act ivi ty  or  on binding to cu l tu red  ad ipocytes  and it has been p roposed  

that it is respons ib le  for targeting the enzyme to the p lasm a  membrane .

1.4 M olecu lar  in teractions  o f  LPL

1.4.1 Active  site and  lipid b inding site

LPL shows  a re la t ive ly low level  o f  subs tra te  specif ic i ty ,  hydro ly s ing  

long and short  chain t riacylglycerol  (Ege lrud and Ol ivec rona ,  1973), tri-, 

di~, and  m o n o -a c y lg l y c e r i d e s  and  p h o s p h o l ip id s  (S to cks  and  Ga l ton ,

1980) . H ow ever ,  LPL pre fe ren t ia l ly  hydro lyses  p r im ary  t r i acy lg lyce ro l  

es ter  bonds generat ing sn-2 monoacy lg lycer ides  and N E FA  (Nils son-Ehle  

et al., 1973) with a high tu rnover  ra te  o f  about  1000 es ter  bonds per 

second (Scow and Ol ivecrona,  1977). The crystal  s tructure  o f  LPL is not 

present ly  avai lable .  How ever ,  the c rys ta l  s t ructure  of  pancrea t i c  l ipase 

is known (Winkler  et al., 1990) and can serve as a model for that of  LPL 

( W ang  et al., 1992). From the crystal  s t ructure  o f  pancrea t ic  l ipase an 

ac t ive  s ite t r iad of  S e r -H is -A sp  has been iden t i f i ed  with the same 

hydrogen  bond ing  pat t ern  which occurs  in the act ive site o f  the serine 

p roteases .  A s imi la r  highly con s e rv e d  Se r -H is -A s p  t r iad  can also be 

i den t i f ied  in the p r im a ry  sequences  o f  LPL. The  p resence  o f  an acyl 

e n z y m e  in te rm ed ia te  (Rojas  et al., 1989) and the inhibi t ion o f  LPL by 

inh ib i to r s  o f  se r ine  p r o te a s e s  (eg: d i s o p r o p y l f l u r o p h o s p h a t e ,  DFP) ;  

piovides  fur ther  ev idence  for the exis t ence o f  a serine based act ive site 

in LPL (Parkin et al., 1982). The reaction kinet ics  for  the inhibi t ion of  

LPL activity by DFP indicates a s ingle act ive site (Wang et al., 1992)
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whi le  the kine t ics  o f  tri- and  m ono-a c y lg lyc e ro l  hydro lys i s  indica tes  a 

comm on  active site (Twu et al., 1976).

It has been p ro p o se d  that  L P L  binds to the l ipid in te r face  o f  the 

l ipopro te in  par t ic les  be fore  the hydro lys i s  of  l ipoprote in  t r i acy lg lycero l  

at the act ive site can occur .  The  l ipid b inding  site is though t  to differ  

f rom the ac t ive site because  the enzym e  can bind l ipoprote in  in v itro  

under  cond i t ions  which are not  ac co m p a n ie d  by hydro lys i s  (O l iv ec rona  

and Bengtsson ,  1984). Tw o  l ipid b inding  sequences have been ident i f ied 

from the p r im a ry  L P L  s e quenc e s  (C o o p e r  et al.,  1989) ,  which  are 

thought  to form part  o f  a single l ipid binding site on the enzyme.

1.4.2 In te ra c t io n  w ith  g ly c o sa m in o g ly c a n s

LPL has a high aff ini ty  for  heparin and  o ther  g lycosam in og lycans .  The 

g lycosam inog lycans  are thought  to in teract  with a num ber  of  posi t ively  

c h a r g e d  a m i n o - a c i d s  l o ca t ed  in a spe c i f ic  r e g i o n  o f  the e n z y m e  

(Enerback  et al., 1988). The binding o f  LPL to heparin has been reported 

to s tabi l ise enzym e  act ivity and bound  e nzym e  main ta ins  the potent ia l  

for  ac t ivat ion  by apo l ipop ro te in -C I I  (Bengts son  and  O l ivec rona ,  1981). 

T w o  pu ta t iv e  hepar in  b in d in g  s e q u en c e s  r ich  in bas ic  a m in o  acid 

re s idue s  have  been iden t i f i ed  at the c a r b o x y l - t e rm in a l  r eg ion  which  

again appear  to form a s ingle three d imens iona l  s tructure  in the mature  

enz ym e  capab le  o f  interac t ion with anionic  heparin - l ike  molecu le s  (Oka 

et al., 1989). It has been proposed that these heparin b inding  sequences 

are located on exon 6  of  the LPL gene (Deeb and Peng,  1989; Cooper  e t  

al.,  1992).

1.4.3 In te rac tion  with  A p o l ip o p ro te in  CII

LPL displays only basal  activity in the absence  of  the specific activator  

protein,  apol ipopro tein CII (apo CII).  The requ i rem ent  of  apo CII for the 

m aximal  act ivity of  L PL  may  prevent  the expression  of  l ipase activity at 

the intracel lular site of  synthesis  (Wang et al., 1992). The  binding of  apo 

CII to LPL is based  upon a p ro te in-p ro te in  in te rac t ion  of  a B-pleated 

sheet  region of  the apo CII and a specific but  un ident i f ied region of  the 

LPL m olecu le  (Smith and Pownal l ,  1984). Apo  CII appears  to aid the 

jux tapos i t ion  o f  enzym e  with subs tra te  par t ic les ,  a l lowing  hydro lys i s  at 

the s u bs t r a te  in te r f a c e  and  the s tab i l i z a t i o n  o f  c a ta ly t i c a l l y  ac t ive  

enzyme (Bengtsson  and Olivecrona,  1981).
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The  a p o p ro t e in  co n te n t  o f  ch icken  V L D L  is d i f f e re n t  f rom  that  of 

m am m al ian  V L D L  (Perry et al., 1985). Although at least one of  the lower 

m olecu la r  weight  avian apopro te ins  must  be the funct ional  equ iva len t  of  

m a m m a l i a n  apo  CI I ,  b e c a u s e  d e l i p i d a t e d  V L D L  an d  p o r t o m i c r o n  

prepara t ions  from imm atu re  hens ac t ivate  ch icken  L PL  strongly (Griffin 

and Hermie r ,  1988).  Avian apo CII has not  been pos i t ive ly  iden t i f ied ,  

a l though a protein with a molecu la r  we ight  of  6  K D a  has been isolated 

from egg  yo lk  w h ich  has the capac i ty  to ac t ivate  bov ine  m i lk  LPL 

( B e n g t s s o n  et at., 1977).

1.4.4 In teraction  o f  NEFA with LPL

LPL can bind NEFA, this has been reported to reduce its affinity for lipid 

d r o p l e t s  ( B e n g t s s o n  an d  O l i v e c r o n a ,  1980 )  as w e l l  as fo r  

g ly c o s a m in o g l y c a n s  ( O l ive c rona  and  B e n g t s s o n - O l i v e c r o n a ,  1987)  and 

abol ish ac t ivat ion by apo CII (Beng tsson  and  O l ivec rona ,  1979a).  From 

these  o b s e rv a t io n s  B e n g t s s o n  and  O l i v e c r o n a  (1980)  p r o p o s e d  that  

product  inhibi tion of  LPL activity occurs in vivo. Thus,  when the ability 

of  a t issue to util ize the NEFA released by the enzym e  is exceeded,  the 

loca l iz ed  a c cu m u la t io n  o f  N E F A  causes  both p roduc t  inh ib i t ion  and  

w ea k e n in g  o f  the e nzym e  subs tra te  aff ini ty .  The  la t ter  e ffect ,  it has 

been proposed,  may serve to direct p lasm a  l ipoproteins  to those t issues 

which have the greatest  requirement  for  NEFA (Schaefer  et at., 1978).

1.5 R egu la tion  o f  LPL activity

The  hydrolysis  of  l ipoprotein t r iacylglycerol  by LPL is a prerequis i te  for 

the uptake of  t r iacylglycerol  NEFA into the tissues.  Wolfe  et al. (1981) 

conc luded  from several  s tudies  in vivo  on the fate of  radio labe l led  VL DL 

tr iacy lg lycerol ,  that  ox idat ion  of  V L D L  derived  N E F A  did not  involve 

their  p r io r  en try  into  the p l a s m a  poo l  of  NE FA .  R e g u la t i o n  o f  the 

functional  pool  of  LPL activity, ie: that  which is thought  to be present  at 

the capi l lary endo the l ium,  may  therefore  play a role in the par t i t ion ing  

of  p lasm a  l ipoprote in  t r iacy lg lycero l  be tween  t issues  a c co rd ing  to their  

phys io lo g ica l  r eq u i r em e n ts  in d i f fe ren t  nu t r i t iona l  and  d e v e lo p m e n ta l  

s ta t e s .

Reg u la t i o n  o f  the f u nc t iona l  poo l  o f  L PL  ac t iv i ty  in v ivo  c o u l d  

t heo re t i c a l ly  be ex e rc i s e d  at a n u m b e r  o f  po in ts  in the syn th es i s ,
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t ran spo r t  and  tu rnove r  o f  the e n z y m e  wi th in the t is sue.  F igu re  1.1 

shows an overal l  sum m ary  o f  these processes.

1.5.1 Synthesis  and secretion o f  LPL

The amount  of  LPL present  at the capi l lary endo the l ium m ay  s imply be 

rela ted to the am oun t  of  e n z y m e  p ro d u ce d  and secre ted  by the t issue 

pa renchym al  cells.  M os t  of  the data  on the synthes is  and  secret ion of  

LPL has been ob ta ined  from studies  on ei ther  isolated cells or  cul tured  

cell l ines in v itro .  The  t echn ique  has been used  to d e m o n s t r a t e  LPL 

synthes is  in a n um ber  of  cell  types inc lud in g  m yocy te s  (Chohan  and 

Cryer ,  1977); ad ipocytes  (Cryer  et al., 1975); p read ipocy te s  (Plaas  and 

Cryer,  1980); m am m a ry  acinar  cells (Clegg,  1979); m acrophages  (Wang- 

Iver son  et al., 1982) and in tumour  cells (Ta j ima et al., 1985). For  a 

c om pre hens ive  rev iew see Cryer  (1987).

Many s tudies  have conc lu ded  that glycosylat ion is a requ i rement  for  the 

secret ion of  act ive LPL.  For  exam p le  Cha jek -Shau l  et al. (1985)  have 

s h o w n  that ,  in rat p r e a d i p o c y t e s  and  m y o c y t e s ,  i n h ib i t i o n  o f  N- 

g l y c o s y l a t i o n  with t u n i c a m y c i n  r e d u c e d  c e l l u l a r  L P L  ac t iv i t y  and 

p rev e n ted  LPL secre t ion.  S e m en k o v ic h  et al. (1990) used  site di rec ted  

mutagenes i s  to r emove  an N-l inked  g lycosylat ion  site by subs t i tut ion  of  

an Asn by an Ala residue at posit ion 43 and found that intracel lular  and 

secreted LPL activity  was absent.

The  point  at which LPL acquires  catalyt ic act ivi ty du ring p rocess ing  has 

been the focus of  several  invest iga t ions .  Act ive  LPL is syn thes ized  by 

adipocytes  t reated with monensin,  which blocks secret ion from the Golgi  

a p p a r a t u s ,  bu t  c e l l s  t r e a t e d  w i t h  C a r b o n y l  c y a m i d e  m -  

c h l o r o p h e n y l h y d r a z o n e ,  w h i c h  p r e v e n t s  t r a n s p o r t  b e t w e e n  the  

compar tm ents  of  the endop lasmic  ret iculum (ER), do not  synthesis  active 

LPL (Vann ie r  and Ailhaud,  1986). This  indicates  that  act ivat ion occurs  

s o m e w h e r e  be tw een  the ER and  the Golg i  appa ra tu s ,  f o l l o w in g  the 

m od i f ic a t ion  o f  N - l inke d  high m an n o s e  re s idues .  In suppor t  o f  this, 

V a n n ie r  and  A i lh a u d  (1989)  f o u n d  that the ful ly  e n d o  FI-sensi t ive 

species  o f  LPL,  bearing 3 high mannose  chains , was found as an inact ive 

m o n o m e r  in mice p read ipocy tes  and  only the ful ly  p roces sed  species  

bear ing  two c om plex  o l igosaccha r ide  cha ins  was present  as an act ive 

hom odim er .  Simi lar ly ,  Ben-Zeev  et al. (1992) recent ly  conc luded  that in 

a C h in e se  h a m s te r  ov a ry  cell  l ine, the g lu c o s e  t r i m m in g  o f  L PL
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Figure 1.1 Potent ia l  r egula tory processes  of  funct iona l  LPL.

The  d iagram shows  a sum m ary  o f  the steps requ i red  for  the synthesis ,  
secre t ion  and  fo r  the t r a n s p o r ta t io n  of  act ive  LPL to the lum ina l  
surface of  the cap i l lary endo the l ium. Enzym e  syn thes ized  in the t issue 
p a r e n c h y m a l  ce l l s  u n d e r g o e s  a c t i v a t io n  b e tw e e n  the e n d o p l a s m i c  
re t icu lum  and  the Golgi  appara tu s  f o l l o w in g  the t r im m in g  of  high-  
m a n n o s e  c a rb o h y d r a t e  un i ts  (B e n -Z ev  et al., 1992). From the t rans- 
Golgi  the mature  enz ym e  is then t rans loca ted  to the pa renchymal  cell 
su r face  or  to the l y so s o m a l  c o m p a r tm e n t  for  d e g ra d a t io n  (A i lhaud ,  
1990) . L PL  at the p a r e n c h y m a l  cel l  su r face  is e i the r  t r a n s p o r t e d  
th rough  the e x t r a ce l lu la r  mat r ix  to the v a scu la r  b a s em e n t  m e m b r a n e  
( C h a j e k - S h a u l  et a l . ,  1990)  or  u n d e r g o e s  i n t e r n a l i z a t i o n  an d  
s u b s e q u e n t  de g ra da t ion  in the l y sosom a l  c o m p a r tm e n t  (C i sa r  et al., 
1989). Enzym e  from the vascu la r  basem ent  m em b ran e  is m oved  across 
the endo th e l iu m  to the luminal  cell su r face  (Saxena  et a l.,  1991a)  
where  it associates  with heparan su lphate  pro teog lycans  (Saxena et al., 
1991b). Only the pool of  LPL at this posit ion is funct ional ly  act ive ie: 
capab le  of  hydro lys ing  p lasm a  l ipopro tein t r i acy lg ly ce ro l  (Rogers  and 
Robinson ,  1974). Control  of  LPL -endothe l ia l  cell surface activi ty  could  
be exerted at one, or a combina t ion  of  levels during  the synthesis  and 
t ransport  o f  LPL.  Possible  regulatory processes  are ind ica ted as fol lows:  
1) t ranscr ipt ion ;  2) RN A  proce s s ing  and  s tabi l i ty;  3) t rans la t ion ;  4) 
g ly c o s y la t i o n  and t r im m in g  o f  high m a n n o s e  uni ts ;  5) i n t r a c e l lu l a r  
t r a n s loc a t ion ;  6 ) e n d o c y to s i s ;  7) t rans loca t ion  to v a s cu la r  b a s e m e n t  
m e m b r a n e ;  8 ) t r a n s l o c a t i o n  a c ro s s  e n d o t h e l i u m ;  9)  t u r n o v e r  at 
ca p i l l a ry  e n d o th e l iu m .

The  p roposed  effect o f  the secre tatogue,  heparin on these processes  is 
denoted  by (+)/(-).

Catalyt ically inactive LPL (A) ;  catalyt ical ly active LPL ( 4 ) -
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o l ig o s a c c h a r id e s  is e ssen t ia l  fo r  e n z y m e  ac t iva t ion ,  h o w e v e r ,  f u r the r  

p ro ce s s in g  or  t rans loca t ion  of  the e n z y m e  to the c is -Go lg i  is not  a 

requ i rem ent  for  the expression of  catalyt ic  act ivi ty in vitro.

Seve ra l  s tudies  us ing  c u l tu red  ad ipocy tes  and  m yocy te s  have  r epor ted  

that  up to 80% o f  the syn th es ized  L P L  is d e g ra d e d  wi th in  the cells 

ra the r  than being  bound at the cell  surface or  secreted into the medium 

(Cupp et al., 1987; Ol ivecrona  et al., 1987; Semb and Olivecrona,  1987). 

W h e re a s ,  in c u l tu red  f ib rob la s t s  and e ndo the l ia l  cel ls  w h ich  do not  

synthesi s  LPL ,  there  is a high rat io  of  surface  b inding  to degrada t ion  

( F r i e d m a n  et al., 1982; Saxena  et al., 1990) .  The  L P L  d e g ra d a t iv e  

pa thway has also been recorded in the isolated rat fat  pad (Speake et al., 

1985) and allows for the possibi l i ty  that rap id  increases  in the rate  of  

LPL secret ion in vivo  cou ld occur  without  a change in the rate of  enzyme 

syn thesi s .  Pu lse  chase  s tudies  in i so la ted  ad ip ocy tes  led  Cupp  et al. 

(1987) to conc lude  that  LPL was secreted from the cell  by an apparent

first o rder  process  with there being  no ev idence  o f  accumula t ion of  LPL

within secretory or s torage vesicles.  This  study also repor ted that  77% of  

sy n th e s i ze d  L PL  was d e g ra d e d  in con tro l  cel l s ,  w he re as  in heparin

treated cells this f igure was 22%. Also,  LPL bound at the adipocyte  cell

su r face  by h e p a r in a s e - s e n s i t i v e  high  a ff in i ty  b ind ing  s ites has  been

o b s e rv e d  to u nde rgo  in te rna l iza t ion  and  deg rada t ion  in the  ly sosom al  

com par tm en t  (Cisar  et al., 1989; Fr iedman et al., 1982).

From these resul ts  a hypothesis  was p roposed  to explain the mechanism 

o f  secre t ion  of  LPL and  the e ff ec t  o f  hepa r in  on the d e g ra d a t iv e  

p a thw a y  (B e n s ad o u n ,  1991) . M atu re  e n z y m e  is t r a n s p o r t e d  from the

trans-Golg i  com par tm en t  to the adipocyte  cell surface where it binds to 

heparan su lphate  proteoglycan  (HSPG) molecules .  Heparin  present  in the 

medium would  compete  for  LPL from the cell surface and soluble  LPL

would be released into the cul ture medium. In the absence  of  heparin a

portion of  the cell  surface pool  is re leased  into the m ed ium  while  the 

remainder  is internal ised as an LPL-H SPG complex to be degraded  in the 

lysosomal  compar tment  or recycled back to the cell surface (Fig 1.1).

A d i ff e ren t  hypo thes i s  was p ropose d  by V ann ie r  and  A i lhaud  (1989)  

whereby  LPL accumula tes  at the t rans-s ide of  the Golgi  appara tus  (the 

half life of  the enzyme in this compartm ent  is one hour, Olivecrona et al., 

1987) and is directed to compar tments  consis t ing of  LPL stor ing vesicles
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in which LPL exis ts  in a potent ia l ly  active,  c ondensed  or "polymeri sed" 

form in the p resence  of  su lpha ted  g lycosam inog lycans  (Ai lhaud ,  1990). 

Ef f lux from these  c o m p a r tm e n t s  resul ts  in s ecre t ion  or  to ly sosom al  

degrada t ion.  The  effect  o f  heparin is exp la ined  by increas ing  exocytosi s  

to the cell -surface thereby reduc ing the flux of  enzym e  to the lysosomal  

c om pa r tm e n t  (Fig 1.1).

1.5.2 L P L  transloca tion  to the capillary  endo the lium

The  process  by which L PL  is t ransfe rred  from the site o f  synthesi s  in 

t issue pa renchym al  cells to its phys io logica l  site of  action,  the luminal  

su rface  o f  cap i l la ry  endo the l ia l  cel ls  has yet  to be fu l ly  e luc ida ted ,  

a l though it may represen t  a cri t ical  r egu la to ry  step.  B la nc he t te -M ac k ie  

et al. (1989)  used the technique  of  im m u n o g o ld  elec tron m ic roscopy  to 

localise  LPL within the m yocard iu m  of  young  mice.  They  found 78% of  

the L P L  was  p re s e n t  in the m y ocy te s  p r im a r i ly  in the s a rcop lasm ic  

r e t i cu lum ,  Golg i  ves ic les  and  in secre to ry  ves ic les .  The  e x t race l lu la r  

mat r ix  ac coun te d  for  3-6% of  the total  t issue L P L  and  the capi l la ry  

e n d o th e l iu m  18%. T h e y  c o n c lu d e d  that  L PL  is s y n th e s i z e d  by the 

myocytes ,  t rans fer red  across the ext racel lu la r  space  t rave l l ing along  cell 

surfaces ,  poss ibly by t ransloca t ion  along  cell su r face-assoc ia ted  heparan 

su lpha te s  and  o th e r  p o ly an ions ,  and  across  end o th e l i a l  cel ls  wi th in 

secre tory vesic les  or  th rough  in tr ace l lu la r  channe ls  to be concen t ra ted  

at the surface of  the endothel ia l  luminal  projections.

Severa l  s tud ies  us ing the i so la ted  p e r fu sed  hear t  as a m odel  system 

have a t t empted  to es t imate  the rate  of  f lux o f  LPL through the t issue 
co m p a r tm e n t s .  Bagby  (1983)  e s t im a ted  the t \ / 2  o f  LPL bound at the

luminal  surface of  the capi l lary endothel ium to be 1 0  minu tes  in the rat. 

Liu and  O l ivec rona  (1991) us ing  pu lse -chase  s tudies in the gu inea  pig 

hear t  f o u n d  that  L PL  a p p e a r e d  in the p e r f u s io n  m e d i u m  (in the 

presence  of  hepa rin )  app rox im ate ly  30 m in u tes  af ter  the s tar t  o f  the 

pulse.  They conc luded  that LPL moves rapidly out  of  the myocy tes  with 

no ob l iga tory  delay. This  supports  the resul ts  of  s imilar  experiments  by 

Cupp et al. (1987)  in isolated adipocytes  and the model  of  LPL secretion 

p roposed  by Bensadoun  (1991)  ra ther  than that  sugges ted  by Vannie r  

and Ailhaud  (1989).

Several  s tud ies  have inves t ig a ted  the role  of  the e x t r ace l lu la r  matr ix  

and subendothe l ia l  basement  m em brane  in the t ransport  o f  LPL from its
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site o f  synthesis  to its site of  action.  From the resul ts  of  s tudies using 

1 2 5 I - label led  LPL in a cu l tu red  endothe l ia l  cell system, Cha jek -Shau l  e t  

a l .  ( 1990 )  s u g g e s t e d  tha t  the s u b e n d o t h e l i a l  b a s e m e n t  m e m b r a n e  

contains  a large num ber  o f  L PL  binding  sites (as does the extrace l lu la r  

m a t r ix )  w h i c h  s e q u e s t e r  an d  s t a b i l i s e  e n z y m e  s e c r e t e d  in to  the 

subendothe l ia l  space  by non-endothe l i a l  cells and m ay  therefo re  play  a 

role in LPL transportation.  Saxena  et al. (1990)  using a s imilar  in vitro  

m ode l  sys tem  f o u n d  e v id e n c e  for  a H S P G - m e d i a t e d  n o n - d e g r a d a t i v e  

in ternal iza t ion  and  recyc l ing  o f  the ce l l -bound  endothe l ia l  pool  o f  LPL.  

Sa x e n a  et al. (1991a)  c o n c lu d e d  that  a s a tu ra tab le  t ran spo r t  system 

based  on HSPGs exists for  the t ransport  o f  LPL across  endothel ia l  cells.  

These  authors  found  the sys tem to be inh ib i ted  by high concen t ra t ions  

of  NEFA on the basal  side of  the cells and proposed that this mechanism 

may modula te  the phys iologica l ly  active pool  o f  L PL  in vivo. Saxena e t  

al.  (1991b)  has r ecent ly  ident i f ied and  charac te r ized  an endothel ia l  cell 

surface HSPG LPL receptor ,  with a molecular  weight  of  220 KDa,  which

has the proper t ie s  r eq u i r ed  for  the o b se rve d  t ranspor t  o f  L PL  across

endothe l ia l  cel ls  and is found on both the luminal  and basolate ra l  cell 

surfaces . A 116 K D a  LPL-binding  protein has a lso been ident i f ied on the 

su rface  o f  bov ine  aort ic  endo the l ia l  cel ls  and  S iva ram  et al. (1992)

suggested that  this binding protein provides  high ly specif ic ,  high aff inity 

LPL bind ing  sites,  whereas  the H SPG recep to r  prov ides  high capac i ty  

and low specificity LPL binding sites.

To be able  to par t i t ion l ipopro te in  t r i acy lg lyce ro l  e f fec t ive ly  be tween  

t issues ,  r egu la t ion  m us t  occur  not  only o f  the rate  of  syn thes is  and 

t r a n s p o r t a t i o n  o f  L P L  to the l u m i n a l  s u r f a c e  o f  the  c a p i l l a r y

endothe l ium but also in the turnover  of  enzyme at this site. The  work o f  

B a g b y  (1983)  and  o f  C h a j e k - S h a u l  et al. (1988)  has show n  that 

spontaneous release of  active LPL from the capi l lary bed of  the perfused 

heart  into the perfusion medium  occurs a l though it is not  known if it is 

re leased in associat ion with HSPGs.  N E FA  have been shown to weaken 

the in te rac t ion  be tw een  LPL and hepa rin (B e ng ts son  and  O l ivec rona ,  

1979b)  and di splace LPL from cu l tu red  endo thel ia l  cel ls  (Saxena  et al., 

1989).  It has the re fore  been sugges ted  that  the r el ease  of  endo the l ia l  

L P L  by N E F A  in vivo  is ano the r  e xa m p le  of  p roduc t  regu la t ion  of  

funct ional  LPL in t issues (Peterson et al., 1990; Saxena et al., 1989).
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It has been suggested by Camps  et al. (1990;  1991) that  L PL  released  

into the p l a s m a  can unde rgo  severa l  r e - a t t a c h m e n t / r e l e a s e  even ts  in 

the ex tr ahepa t ic  t is sues  before  being  u l t imate ly  taken up by the liver. 

W a l l i n d e r  et al. (1984)  found  that LPL in the bloodstream of  the rat had 

a half- l i fe  o f  approx im ate ly  1 minu te  and it has been show n  that  the 

l iver  opera tes  wel l below saturat ion in its capac i ty  for  L P L  remova l  in  

vivo  (Vilaro et al., 1988). Vi laro et al. (1988) also sugges ted  that two 

different  types o f  LPL binding sites were present  in the liver. One being 

ident ical  to that  found  in ex trahepa t ic  t issues  (ie: the he parin -re leasab le  

b in d in g  o f  act ive  LPL)  and  the other ,  unique to the l iver ,  and  was 

ca pab le  of  b in d in g  inac t ive  L PL  in a non-hepar in  r e l easab le  fashion .  

Bind ing  o f  LPL by the l iver  leads to the in ternal iza t ion and  lysosomal  

deg rada t ion  of  the enz ym e  with acid so luble  and proteolyt ic  f ragments  

rapidly appear ing  in the p lasm a  (Wal l inder  et al., 1984).

1.5.3 H orm ona l control o f  LPL  activity

The control  of  synthesis  and degradat ion  of  LPL has been observed  in a 

num ber  of  t issues  and  a major  regu la t ing  inf luence  on these  processes  

was thought  to be hormonal  (Cryer , 1981).

Ecke l  (1987)  p r o p o s e d  that  insu l in  was the p r e d o m i n a n t  h o rm o n a l  

regulator  of  ad ipose  t issue LPL.  A posit ive relat ionsh ip  be tween  adipose 

t is sue  L PL  ac t iv i ty  and  c i r c u la t ing  in su l in  leve ls  in  ra ts  has  been 

r e p o r t e d  in m a n y  s tud ies  ( B o r e n s z t a jn  et al.,  1972;  R e ich l ,  1972; 

D e G a s q u e t  et al., 1981). Insul in and  g lucoco r t i co id s  have  both been 

found to promote  LPL activity in isolated fat pads in vitro  (Ashby et al., 

1978; Ashby and Robinson,  1980).

In cu l tu red  ad ipocytes  insul in  has been shown to regulate  LPL act ivi ty 

by several  mechan isms .  Chan et al. (1988) r epor ted  that  insul in  appears 

to br ing about  a rap id  release of  cell su rface-bound  LPL. The hormone  

was also found to increase the LPL m R N A  concent rat ion  by Ong  et al. 

(1989)  while,  Raynolds  et al. (1990)  conc luded  that the insulin media ted  

increase in LPL m R N A  was due to changes in m R N A  stabi li ty  because 

the LPL gene t ranscr ip t ion  rate was not  d iffe ren t  f rom contro l  cells.  

How ever ,  S e m enkov ic h  et al. (1989)  conc luded  that insul in regulat ion of  

LPL ac t ivi ty  in ad ipocytes  is m ed ia te d  ent i re ly  at a pos t- t rans la t iona l  

level. They proposed that insulin may regulate  the metabol ic  fate o f  LPL 

within the ad ipocy te  by cont rol l ing the f luxes of  e n z y m e  be tween  the
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d e g ra d a t iv e  and  secre to ry  pa thw ays .  In p e r f u s e d  hear ts  and  c u l tu red  

neonatal  hear t  cells insulin was found to have no effect  on LPL activity 

(Stam and  Hulsmann ,  1984; Cha jek-Shaul  et al., 1989).

In i so la ted  fat  pads the inc re ase d  LPL ac t ivi ty  in r e sponse  to insul in  

a n d /o r  the g lu c o c o r t i c o id s  has been  r e v e r s e d  by the c a ta c h o la m in e s  

(Cryer  et al., 1973; Parkin et al., 1980). These  hormones  appear  to have 

an in v e r s e  r e g u l a t o r y  e f f e c t  to i n s u l i n ,  d e c r e a s i n g  s y n th e s i s  and

in c r e a s in g  in t r a ce l lu la r  d e g ra d a t io n  o f  the e n z y m e  in the ly sosom al

c o m p a r t m e n t  o f  a d i p o s e  t i s sue  ( M o o n e y  and  L a n e ,  1981) ,  w h i l e  

increas ing  both the synthesis  and p rocess ing  of  the e nzym e  in cu l tu red  

neonatal  heart  cells (F r iedman et a l ., 1986a).

A new class  o f  ho rm ona l  r egu la to r s  of  L PL  ac t iv i ty  was  d i scove red

fo l lowing  the observa t ion  that  bacteria l,  viral and pro tozan  in fect ions in 

a n im a ls  p r o d u c e d  h y p e r l i p i d a e m i a  (W e rn e r ,  1969)  and  r e d u c e d  the

levels of  t issue LPL activity (Kawakam i  and Cerami,  1981). This  led to 

the demons t ra t ion  that  a number  of  cy tokines  inc lud ing  tum our  necrosis  

fac to r  (TNF) ,  in te r leuk in  1 and  the in te r fe rons  exert  effects  on t issue 

LPL  ac t iv i ty  in t imes of  in fec t ion  (Beu t l e r  and  Cerami ,  1985) . The 

mechan ism of  action is thought  to be a resul t  of  the specif ic  depression 

of  L P L  s y n the s i s  as no g ene ra l  r e d u c t io n  in p ro te in  s y n the s i s  is

obse rved  in such c ir cumstances  (Price  et a l ., 1986). Fr ied  and Zechner  

(1989)  found that T N F  specif ical ly  decreases  the levels of  LPL rnRNA in

h u m a n  a d ipose  t is sue  and  they  c o n c lu d e d  that  T N F  was  a po ten t

in h ib i to r  o f  L P L  gene  e x p re s s io n .  G r i f f in  an d  B u t t e r w i th  (1988)

d e m o n s t r a t e d  that  in b irds ,  c y to k in e s  p lay  a s im i la r  ro le  in the

depression of  t issue LPL act ivity fo l lowing  endotoxin  adminis t ra t ion.

Other  hormones  that have been implicated in the control  o f  LPL activity 

inc lude  thy ro id  ho rm ones ,  g lucagon ,  g rowth  ho rm o n e s ,  p ro lac t in ,  sex 

s teroids  ( androgens ,  es t rogens,  p roges te rons )  and f ib rob la s t  l ike -growth  

factor  (see reviews by: Eckel,  1987; Cryer,  1987; But terwith,  1988).

1.5.4 T is su e -sp e c i f ic  reg u la t io n

L PL  ac t iv i ty  has been  de tec ted  in a wide  range  o f  t is sues  and  the

differing roles  played by the enzyme in the l ipid and  energy metabol i sm 

of  a varie ty  of  t issues  is sum m ar ised  in Table  1.1. The  t is sue-specif ic

regula t ion  of  LPL act ivi ty  has been obse rved  in a var ie ty  of  differen t
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nu tr i t i ona l  or  de ve lopm en ta l  s ta tes ,  with the level  o f  e n z y m e  ac t ivi ty  

r esponding  to the phys io log ica l  requ i rements  o f  the ind iv idual  t issues.

T issue-speci f ic  changes in tissue LPL activit ies occur  during  the feeding-  

s ta rva t ion  and  r e f e e d in g  cyc le .  T h e s e  changes  m ay  be c a u se d  by a 

c om p le x  in te rac t ion  o f  m any  factors ,  inc lud ing :  insu l in ,  g lucagon  and 

g l u c o c o r t i c o id  levels ;  sym pa the t i c  innerva t ion  and  the c o m p o n e n t s  of  

the diet. During a per iod  of  fast ing, p lasma insul in levels decrease,  levels 

o f  c o u n t e r - r e g u l a t o r y  h o r m o n e s  i n c r e a s e  a n d  the  l i p o l y s i s  o f  

t r i acy lg lyce ro l  s to red  in a d ipose  t is sue  acce le ra te s .  Fa s t i n g  has  been 

found to reduce the level of  adipose t issue LPL activity in m am m als  and 

the concom i ta n t  uptake of  NEFA derived  from l ipoprotein t riacylglycerol  

(Cryer ,  1987). Rec ip roca l  changes  in total  t issue LPL activity  occur  in 

m a m m a l i a n  ad ipose  and  m usc le  t is sues  du r in g  f a s t ing  and  exe rc i se  

(Cryer ,  1981) indicat ing that  LPL in m am m als  does play  a role in the 

pa r t i t ioning  of  l ipoprotein t r iacylglycero l  be tween  s torage  and  oxidat ion 

(NEFA being an impor tant  energy  source in muscle  tissues).  Farese et al. 

(1991)  suggested that such changes  are due to the d ivergen t  effects of  

insulin on LPL activit ies in adipose t issue and musc le  tissue.

The  m e c h a n i s m  by w h ich  L P L  ac t iv i ty  is r egu la te d  appear s  to vary 

de p e n d in g  on the species  and the exac t  po in t  in the f eed ing / fa s t ing  

cycle studied. For  example,  after a p ro longed  fast o f  48 hours,  guinea  pig 

(E nerback  et al., 1988) and chicken (Cooper  et al., 1989) ad ipose  tissue 

LPL m R N A  levels and rates  of  synthesis  respond  in paral le l  to changes 

in LPL act ivity upon refeeding.  Semb and O l ivec rona  (1989)  conc luded  

that the nutr i t ional regulation of  LPL in gu inea  pig adipose tissue occurs  

by relat ively s low changes in m R N A  levels  and more  rapid changes  in 

the t ransporta t ion  and  tu rnover  of  the enzyme.  Whereas ,  in ra t  adipose 

t issue  D ool i t t le  et al. (1990) found that, after  fas ting, L PL  act ivity was 

d e c re a s e d  by 50% while  L P L  m R N A  leve ls  and  rates  of  syn th es i s  

in c r e a s e d  nea r ly  2 fold.  T h e s e  au tho rs  c o n c l u d e d  that  nu t r i t i o n a l  

r e g u l a t i o n  o f  L PL  ac t iv i t y  o c c u r r e d  p o s t - t r a n s l a t i o n a l l y  wi th  the 

r ed i s t r ibu t ion  of  L P L  wi th in ad ipose  t issue.  Af te r  fa s t ing ,  the high 

m a n n o s e  f o r m  is  t h e  p r e d o m i n a n t  s p e c i e s  w h i l e  t h e  

in te r m e d ia te /c om ple x  species  p redom ina te s  af ter  feeding .  This  suggests  

a shift of  LPL out  of  the ER and into the post-Golgi  secretory pathway.  

Dooli t t le  et al. (1990) also proposed  that control  occurs  over  the flux of
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ne w ly  s y n t h e s i z e d  e n z y m e  b e tw e e n  the  s e c r e to r y  a nd  d e g r a d a t i v e  

pa thways ,  the lat ter inc reas ing during  fasting.

The  regula t ion of  L PL  dur ing  lactat ion is a lso t issue-spec if ic .  The  role 

p layed  by L PL  during  lactat ion has been ful ly r ev iew ed  by Scow and 

Chern ick  (1987).  In late p regnancy  and after  par tur i t ion ,  prolact in  levels 

rise and  L PL  act ivi ty  is grea t ly  increased  in the m a m m a r y  gland  and 

m ark e d ly  de c re a s ed  in ad ip ose  t issue.  The  net  r esul t  o f  this is the 

inco rpora t ion  of  pl asm a  l ipoprote in  t r i acy lg lycero l  into milk product ion  

rather  than s torage in adipose t issue (Scow et al., 1977). In lactat ing rats 

h y p o p h y s e c to m y  was found  to rever se  these changes ,  e m p h a s i z in g  the 

possible  role of  prolactin in this process (Scow and  Chernick,  1987).

Most  s tudies  on the t is sue-spec if ic  deve lopm en ta l  express io n  o f  t issue 

LPL activit ies have used the rat as a model.  In the heart,  skeletal muscle  

and ad ipose  t issue,  L PL  m R N A  levels and  activity  r ise  during  suckl ing

and  a f te r  w e a n in g  ( S e m e n k o v ich  et al., 1989; T a v a n g a r  et ah,  1992). 

This  can be rela ted to the metabo l i c  t rans i t ion which oc curs  at birth 

f rom a mainly ca rbohydra te  and  N E FA  calor ie  supply  der ived  from the 

maternal  c i rculat ion to pr imari ly  lipid during suckl ing.  At  this s tage 70% 

of  all metabo l i c  energy  in the rat  is de r ived  from milk  l ipids  (Cryer ,

1987) o f  which 97% is t r iacylglycerol  (F e rnando-W arnaku la su r iya  et al.,

1981) , the neona te  is there fo re  d e p e n d en t  on the ac t ion  of  L PL  to 

release NEFA as an energy  source. In the m uscu la r  t issues the increase 

in the LPL activity after  birth parallels  the increase in the use of  NEFA 

as an ene rgy source (Schiebler  and Wolff ,  1966). LPL activi ty  is also

found  in foetal and newborn rat  l iver  (Llobera et al., 1979; Gr inberg  e t  

a l . ,  1985) ,  t u r n i n g  the  n e o n a ta l  l iv e r  i n to  a ne t  i m p o r t e r  of

t r i acy lg lycerol .  H ow ever ,  in this t issue enz ym e  activi ty  dec l ines  dur ing  

suckling and is absent  at weaning.  These  changes are co incident  with the 

changes  in the nut r i t ional  intake at wean ing  and the onset  o f  hepat ic  

l ipogenesis ,  turning the l iver into a net exporter  of  t r iacylglycerol.

1.6 P lasm a  l ip o p ro te in  m e ta b o lism

1.6.1 D ifferences  be tw een  b irds  and  m a m m a ls

It has been shown by Saadoun and  Leclercq (1983) us ing  [3 H] water  

that chicken ad ipose t issue has a very low capaci ty  for  l ipogenes is  d e

n o v o .  Therefore ,  the t r iacy lg lycero l  that  accum ula te s  in avian ad ipose  

t issue is de r ived  mainly from the liver,  an important  site of  l ipogenesis
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in bi rds ,  or  f rom the diet .  Gr i ff in  et al. ( 1 9 9 2 )  c a l c u l a t e d  tha t

a pprox im ate ly  80 -85% of  the fat ty acids  that  a ccum ula te  in the ad ipose  

t issue o f  broi ler  ch ickens are der ived from p lasma l ipoproteins .

T r i a c y lg l y c e ro l  r ich  l ipop ro te in s  are  s y n th e s i z e d  by the in te s t i n e  to 

t ransport  exogenous  dieta ry  l ipid to the rest  o f  the body  and  by the

l iver  to supply the ex tr ahepa t ic  t issues  with endogenous  t r i acy lg lycerol .  

These  l ip opro te ins  have  a core  o f  apo la r  l ipids (Shen  et a l.,  1977)  

pr inc ipal ly  t r iacylglycero l  (>70%) surrounded  by a m ono laye r  o f  surface- 

a c t i v e  l i p i d ,  p r e d o m i n a n t l y  p h o s p h o l i p i d  an d  s o m e  u n e s t e r i f i e d  

c h o l e s t e r o l  ( Z i l v e r s m i t ,  1 9 6 5 ) .  T h e  a p o p r o t e i n  p o l y p e p t i d e s  

character is t ic  of  the l ipoprotein also reside in this outer  layer and play a 

s ign if icant  role  in their  ca tabo l i sm and metabo l i c  fate (M ah ley  et a l.,  

1984) .  A l though  the a pop ro te in  pa t t e rn  of  ch icken  l ipop ro te in s  was 

found  to be d i ff e ren t  f rom that  o f  m a m m a ls  (C h a p m a n  et al., 1977;  

Per ry  et a l.,  1985)  c h i c k e n  a p o p r o t e i n s  m u s t  p e r f o r m  f u n c t i o n s  

e q u i v a l e n t  to those  o f  thei r  m a m m a l i a n  c o u n te r p a r t s  (G r i f f in  and  

Hermie r ,  1988).

In both birds and m am mals ,  dietary l ipid is hydro lysed  in the intestine 

by the ac t ion  o f  p a n c re a t i c  l ip ase  and  the p r o d u c t s ,  N E F A  and 

m onog ly ce r ides ,  are absorbed  by the m ucosa l  cells l ining the intestine.  

How ever ,  d i ff e rences  ex is t  in the t ransport  o f  e xoge nous  di et a ry  lipid 

from the in tes t ine  of  birds and  m am m als .  In m a m m a ls ,  the abso rbed  

N E F A  are  re -es te r i f ied  and inco rpo ra ted  into c h y lo m ic r o n  l ipopro te ins

(150-300nm  in d iamete r )  which  are secre ted  by the epi the l ia l  cells of  

the small  intes t ine into the lymphat ic  system and  en te r  the b loodstream 

via the thoracic  duct.  Because  the intest inal  lympha t ic  system is poorly 

d e v e lo p e d  in birds ,  those abso rbed  N E F A  which  are  re -e s te r i f ed  and 

i n c o r p o r a t e d  into  l ipop ro te in s  are s e c r e te d  d i rec t ly  into  the venous  

po r ta l  s y s te m  ( N o y a n  et a l.,  1964) .  T h e s e  t r i a c y l g l y c e r o l  r ich

l ipopro te ins  (150 nm diameter )  are t e rm ed  po r to m ic ro n s  due  to their  

route  o f  entry  into the circulat ion (Bensadoun and  Rothfield,  1972) and 

have a s imilar  l ipid compos i t ion  to m am m al ian  chylomicrons.

The absorbed NEFA which are not  re-es ter i fed  are also released  into the 

portal vein to be complexed  with albumin  in the p lasma (Sklan et a l.,

1984) . In birds  up to 50% o f  the a b s o rb e d  N E F A  m ay  en te r  the
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bloodstream in this fashion while in rats the f igure is not  more  than 1 0 % 

(Griffin and Hermier ,  1988).

Due to the short  ha lf  life of  portomicrons  in the circulat ion,  3-4 minutes

(Bensadoun and K om piang ,  1979) and the low level  o f  l ipid in s tandard 

poul t ry  diets,  most  o f  the t r iacylg lycerol  present  in the p lasm a  of  birds 

is found  in very low densi ty  l ipoprote ins ,  VL D L, (Griffin  and Hermier ,

1988). In birds  V L D L  are syn th es ized  solely in the l iver  and  have a 

s im i la r  l ip id  and  apop ro te in  c o m pos i t ion  to p o r to m ic ro n s  but  are  o f  

smal ler  size.

The hydrolysis  of  t r i acylglycerol  f rom the core of  V L D L  or por tomicron  

par t ic les  by the ac t ion  o f  L P L  is a c c o m p a n ie d  by the t r a n s fe r  o f  

a p o l i p o p r o t e i n s ,  p h o s p h o l i p i d  a n d  c h o l e s t e r o l  to h ig h  d e n s i t y  

l ipoprote ins  (Behr  et al., 1981). The  density  o f  the l ipoproteins  increases  

as m ore  t r i acy lg lyce ro l  is h y d ro ly se d  than p ro te in  t rans fe r red  (Griffin  

and Hermier ,  1988). V L D L  appears  to be the p recu rso r  of  inte rmedia te  

and low d e ns i ty  l ipop ro te in s  in im m a tu r e  c h ic k e n s ,  with the la t ter  

d i sa p p e a r in g  en t i re ly  f rom the p lasm a  when  l ipopro te in  hydro lys i s  is 

b locked  with an an t i -LPL ant iserum in v ivo  (Behr  et al., 1981).

1.6.2 L P L  and  f a t  deposition  in birds

LPL activity in avian ad ipose tissue is l imited by substrate  concent rat ion  

at the V L D L  range  normally  present  in im m ature  hen p lasm a  (Griffin e t  

al.,  1987). The rate of  synthesis  and secretion of  portomicrons and VLDL 

into the circu lat ion  is therefore  of  pr imary  impor tance  in contro l l ing  the 

rate  o f  i n c o rpo ra t ion  o f  l ip opro te in  t r i acy lg lyce ro l  into avian  ad ip ose  

t i s sue  (Gr if f in  and  H erm ie r ,  1988) .  E v id e n c e  o f  this  r e l a t i o n s h ip  is 

p rov ided  by the observa t ion  that p lasm a  V L D L  concen t ra t ions  in ful ly-

fed broilers correlates  c losely (r=0.7) with abdomina l  and  total body fat 

c o n te n t  (Gr if f in  et al., 1982; W hi te hea d  and Gr iff in ,  1982). Divergen t

se le c t io n  fo r  h igh  and  low p l a s m a  l ip o p r o t e i n  c o n c e n t r a t i o n  has  

p roduced  fat and  lean broi ler  l ines (W hi tehead ,  1988) . Fo l lo w in g  10 

g e n e r a t i o n s  o f  s e le c t i o n ,  a 20 fo ld  d i f f e r e n c e  in p l a s m a  V L D L  

concen tra t ion between  the lines was p roduced  which was due main ly  to 

differences in the rate of  V L D L  synthesis  and secre t ion from the l iver  

(Griffin et al., 1989; Griff in et al., 1991a). Studies  on the fate of  VLDL 

t r ia cy lg lyce ro l  in these  l ines  found a 2 .5 -fo ld  g rea ter  up take  into the
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abdomina l  fat pad o f  the fat  line by comparison  to the lean line (Griffin 

et al., 1989). However ,  this was found not relate to LPL levels as a lower 

total LPL activity per  pad was m easured  in the abdomina l  fat o f  the fat 

line birds.  Similar ly ,  a l though a higher  LPL ac t ivi ty  was found  in the 

m usc le  t issues  o f  the lean line birds  this did not  r esu l t  in a h igher

pe rcen tage  o f  the V L D L  tr i acy lg lycero l  be ing  ox id ized  to C O 2  in vivo  

(Griffin et al., 1989).

The  role of  LPL in p lasma l ipoprotein metabol ism has also been s tudied 

in lean  and  fat  b ro i l e r  l ines p r o d u c e d  by d i v e r g e n t  s e le c t ion  for  

abdomina l  fat  pad weight  (Lecle rcq et al., 1980). In these l ines a 2-fold 

greater uptake of  V L D L  tr iacylglycerol  into the abdominal  fat pad of  the 

fat l ine birds, correla ted  with a 2-fold increase in the total LPL activity 

o f  the a b d o m in a l  fa t  pad o f  these  birds  ( H e r m i e r  et a l . ,  1989) .  

L e m a r c h a l  et al. (1988)  c onc lude d  that  the d i f fe rences  in fa tness  in 

these lines were not due to differences in the turnover  of  ad ipose  tissue

tr iacylglycerol  because  the ha lf  life o f  the t r i acy lglycerol  was found to

be s imilar in the adipose tissue of  the 2  lines.

Studies  have  also been m ad e  on the p l a s m a  l ip opro te in  k ine t ic s  of  

r a p id ly  g r o w in g  b ro i l e r  c h ic k e n s  w h ic h  h a v e  m ore  than tw ice  the 

p ropo r t iona l  body fat  c on ten t  o f  l aye r  ch ickens .  In a r ecen t  s tudy ,  

Gri ff in  et al. (1991b)  found  that  the total LPL ac t ivi ty  present  in the 

abdomina l  fat pad  was 16-fold higher  in broiler  than in layer  ch ickens.  

H o w e v e r ,  the p e rc e n ta g e  o f  r a d i o l a b e l l e d  V L D L  taken  up by the 

abdominal  fat pad  was s imilar in each case. In rela tion to the total tissue 

LPL activity,  the uptake of  NEFA derived from V L D L  triacylglycerol into 

the abdomina l  fat pad  of  layers  was high and  occurred  at 4 t imes the 

rate of  deposi t ion,  while in broilers  it accounted  for only 65-85% of  fat 

accumula t ion .  In contrast  to the conclusions  of  Lemarchal  et al. (1988) 

fo l lowing  s tudies  on selected lines of  broi lers ,  Griff in  et al. (1991b)  

conc luded  that  the relat ive fatness of  broi lers  was due to the turnover  

of  adipose tissue t riacylglycerol  in layers  with a half- li fe  of  2-3 days,  

whi le  in bro i le rs  there  was no ev id e n c e  of  s ig n i f ic a n t  t u rn o v e r  o f  

ad ipose t issue t r iacylglycerol .  Griff in et al. (1991b)  also found that only 

a b o u t  2 0 - 3 0 %  o f  t r i a c y l g l y c e r o l  f r o m  i n t r a v e n o u s l y  i n j e c t e d  

rad io labe l led -V L D L  was oxidized to C 0 2  wi thin 8  hours in e ither broiler  

or layer  ch ickens .  From this Griff in  (1993)  pos tu la ted  that  changes  in 

t issue  L PL  ac t ivi t ie s  r e su l t ing  from se lec t ion  w o u ld  have  a g rea te r

1 8



i m p a c t  on the  p a r t i t i o n i n g  o f  l i p o p r o t e i n  t r i a c y l g l y c e r o l  b e tw e e n

different  fat depots  ra the r  than be tween  oxidat ion  and  s torage.

The  L PL  ac t ivi ty  m ea su red  in pos t-heparin  p lasm a  is an ind ica t ion  of  

the total funct ional  LPL avai lable  for  l ipoprotein hydro lys is  in the whole  

animal .  Desp i te  the cor re la t ion,  obse rved  by Griff in  et al. (1982)  and 

W hi tehead  and  Griff in  (1982) , be tween  p lasm a  V L D L  concen t ra t ion  and 

abdomina l  and  whole body fat in broi ler  chickens.  No  such corre lat ion 

be tw een  m ea s u rem e n ts  o f  pos t-heparin  p lasm a  L P L  ac t iv i ty  and  e i ther  

abdominal  or  total body fat  has been repor ted (Guo et al., 1988; Hermie r  

et al., 1989) .  S imi la r ly ,  a l though  a s ign i f ican t  co r re la t ion  was found  

between the total LPL activity per  fat depot  and fat pad weight,  little or 

no co r re la t ion  be tw een  speci f ic  ac t iv i ty  o f  the e n z y m e  and  fat  pad

weight  has been obse rved  in broi lers  (Guo et al., 1988; P inchasov  and 

C a h a n e r ,  1991) .  Such  s tud ies  c o n c lu d e d  tha t  m e a s u r e m e n t  o f  LPL 

ac t iv i ty  in a d ipose  t is sue b iopsy  samples  or  in po s t -h e p a r in  p lasm a  

cannot  be used as a predictor  of  fatness  in broilers.

In genera l ,  f rom these  s tudies (with d iffe ren t  conc lus ions  be ing drawn 

from di ff e ren t  l ines of  birds)  it wou ld  appear  that  there  is a lack of

direct  quan t i ta t iv e  ev id ence  that,  in ch ickens ,  L PL  plays a s igni f icant

role in the pa r t i t ion ing  of  l ipopro tein t r iacy lg lycero l  be tw een  oxidat ion  

and s torage.

1.6.3 LPL and  f a t  deposition  in m am m als

Vernon and Clegg  (1985) conc luded  from the resul ts of  several  s tudies  

on the fate  o f  r ad io labe l led  l ipoprote in  t r i acy lg lycero l  that  in the fed 

s ta t e ,  m a m m a l i a n  a d i p o s e  t i s s u e  L P L  is l i m i t e d  by s u b s t r a t e  

concent rat ion  and does not  work at maximal  velocity.  Despi te  this, early 

s tudies found  a re la t ionship between  the uptake of  NEFA derived  from 

l ipopro te in  t r i acy lg ly ce ro l  into m a m m a l ia n  a d ipose  t is sue in vivo  and 

total t issue LPL act iv i ty .  C rye r  et al. (1976)  p o s i t i v e ly  c o r r e l a t e d  

nutri t ional changes in total t issue LPL act ivity with the accumula t ion  of  

P  4 C j - c h y lo m ic r o n  t r i a cy lg lyc e ro l  by the e p id i d y m a l  fa t  pad.  U s in g  

r ad io l ab e l l e d  t r i acy lg lyce ro l ,  R a m ire z  (1981)  pos i t ive ly  c o r r e la t ed  the 

uptake of  NEFA with eas tr ad io l- induced  changes in the LPL activity  of  

rat ad ipose  t issues.  Similar ly ,  M aggio  and G re e nw ood  (1982)  corre la ted  

the e leva ted  total t issue LPL levels of the fat depots  of  obese Zucker  

rats with an in c r e a s e d  a c c u m u la t io n  o f  r a d i o l a b e l l e d  t r i a cy lg lyc e ro l
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NEFA. How ever ,  recent  s tudies  have  found  no such corre la t ion  be tween  

l ipopro te in  t r i acy lg lyce ro l  up take  into rat  m u sc l e  t issues  (B row n  and  

Laym an,  1988) or hum an  ad ipose  t issues (Marin  et al., 1990) and  total 

t issue L PL  act ivit ies .  These  authors  p roposed  that  factors  such as the 

b lood  f low to a given depot  were  equal ly  as impor tan t  as L PL  levels.  

Ecke l  (1987)  r ev ie w ing  the ev id e n c e  for  a co r re la t ion  be tw e en  LPL 

act ivity and t riacylglycerol  NEFA uptake  in vivo  conc luded  that,: adipose 

t is sue L PL  ac t iv i ty  has  been  a s soc ia te d  with,  but  is in su f f i c i en t  to 

p r e d i c t ,  s e r u m  t r i a c y l g l y c e r o l  l e v e l s  a n d / o r  a l t e r a t i o n s  in 

t r i acy lg lyce r ide - r i ch  l ip opro te in  t r i acy lg lyce r ide  kinet ics .

A loose associat ion  be tween  ad ipose  t issue LPL activi ty  and  the or igin 

and /o r  m ain tenance  of  the obese  s ta te in both rats and man has been 

noted by Eckel,  (1987;  1989). In the obese Zucker  ( fa / fa )  rat, throughout  

deve lopm ent  and in adult  life, LPL when expressed  per  adipocyte  or per  

fat  pad  has been found  to be e leva ted  (Gruen  and  G re e n w o o d ,  1981; 

Quig et a l ., 1983). However ,  when L PL  activity was expressed  per  g or 

per mg of  protein increases  (Wang  et al., 1984), decreases  (Bert in et al.,

1985) or  a lack of  change (M cN am ara  et al., 1982) by compar ison  with 

the e n z y m e  a c t i v i t y  o f  n o n - o b e s e  c o n t r o l s  was  fo u n d .  S i m i l a r  

inconc lu s ive  resu l ts  have  been f o u n d  for  the h epa r in - r e lea se  of  LPL 

act ivi ty  f rom ad ip ose  t issue segm en ts  f rom obese  hu m an s  which  has 

been shown to be increased  or unc hanged  when com pa red  to controls ,

d e p e n d in g  on the m a n n e r  in w h ic h  e n z y m e  ac t iv i ty  was  e x p re s s e d  

(Arner et al., 1982; Bosel lo et al., 1984).

A critical,  init iat ing role for  LPL in the accumula t ion  o f  lipid by adipose 

tissue has however  been found fol lowing l ipectomy (Roth et al., 1981) or 

re f e e d in g  a f te r  a p ro lo n g e d  fast  (Fr ied  et al.,  1983) . In both cases

enzyme act ivity increased  before  l ipid load ing  occurred  and in the lat ter  

case ,  e n z y m e  ac t iv i ty  rose  to twice  the i r  p r e f a s t i n g  v a lues  be fo re  

re turn ing to the initial  levels on restora t ion o f  ad ipocyte  cell size. From 

this it was suggested  that LPL may play a role in regula t ing the uptake 

of  l ipopro te in  t r i acy lg lyce ro l  to reach  a p re d e t e r m in e d  a d ipoc y te  cell  

size. However ,  no increase in LPL activity has been reported to precede 

the inc re ase  in ad ip o c y te  cell  s ize  or  ad ip o s e  t is sue  h y p e r t r o p h y ,  

as soc ia ted  with obesi ty .  Eckel  (1989) sugges ted  that  apparen t  increases

in the levels of LPL activity in adipose tissue of  obese animals  preserves

rather  than causes  the condi t ion.
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In conc lus ion ,  a l though  the hydro lys is  of  l ipopro te in  t r i acy lg lycero l  by 

LPL is a prerequis i te  for  the uptake of  t r iacylglycerol  N E F A  by t issues,  

there  appears  to be lit tle direct  quan t i ta t ive  e v idence  fo r  a s igni f icant  

co rre lat ion be tw een  LPL levels  and  the depos i t ion  of  t r i acy lg lycero l  in 

the fat depots  of  e i ther  birds or m am mals .  It is therefore  probab le  that

several  factors other  than the level  o f  funct ional  L PL  are opera t ing  in 

the pa r t i t ion ing  o f  l ipopro te in  t r i acy lg lyce ro l  be tw een  t issues .  Because  

ad ipose  t issue LPL does not  work  at m aximal  ve loc i ty  in the fed state

due to l imit ing substrate  concentra t ions  (Vernon and Clegg,  1985; Griff in

et al., 1987) ,  this may  include  any p rocesses  which  increase  the t ime 

spent  by individual  l ipoproteins  at the capi l lary bed of  a given t issue or 

which regu la te  the concen tra t ion o f  l ipoproteins  de l ivered  to a t issue or 

fat  depot .  For  example,  blood  f low has been found  to vary be tween  fat 

depots  (Herd et al., 1968) and  depending  on the species s tudied,  shows 

nut r i t ional-  (West  et al., 1989),  diurnal-  (Herd  et al., 1968) or  exercise-  

(Larsen et al., 1981) rela ted changes.

1.7 A im s  o f  the p ro jec t

Excessive  fat  depos i t ion  in broiler  ch ickens has increased  over  the last

30 yea rs  due  to s e le c t ion  on the bas is  o f  f a s t e r  g ro w th  rate ,  a

cha rac te r i s t i c  which  is a s soc ia te d  with an i n c r e a s e  in fat  depos i t io n  

(Cahaner  and Nitsan,  1985; McCarthy  and Siegel,  1983). It is not unusual  

for fat to cons t i tute  be tween  15 and 20% of  the total body weight  of

modern broi ler  chicken strains (Leenstra,  1986). Much of  this body fat is 

lost dur ing  processing,  reduc ing the mea t  yield and resu l t ing  in a loss to 

the producer .  Fat depos i t ion in chickens is inf luenced  by genetic,  dietary 

and e n v i r o n m e n ta l  fac to rs .  The  role  p laye d  by L P L  in the gene t ic  

suscep t ib i l i ty  of  broi ler  ch ickens  to excess ive  fat  depos i t ion  is unclear.  

Broi ler  chickens are a par t icular ly  useful  model  system for  the s tudy of  

the role of  LPL in p lasma l ipoprotein kinet ics  and fat deposi tion.  This is

due in part, to their rapid growth and rate of  fat deposi t ion in ear ly  life

(Scanes,  1991) and also because  l ipid accum ula t ing  in ch icken  ad ipose  

t i s s u e  is d e r i v e d ,  vi a  p l a s m a  l i p o p r o t e i n s ,  p r e d o m i n a n t l y  f rom

l ipogenesis  in the l iver  or  f rom the diet  ra the r  than as a resul t  of  d e 

n o v o  fat ty acid synthesis  within the ad ipocytes  themselves  (Griffin and 

H erm ie r ,  1988).  C o m p a ra t iv e  s tud ies  are a lso pos s ib l e  due  to the

ava i l ab i l i ty  o f  se le c te d  l ines  which  d i f fe r  c o n s id e r a b ly  in body  fat

compos i t ion (Leclercq et al., 1980; Griffin et al., 1982).
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From this rev iew it can be seen that a l though the m o le c u la r  s t ructure  

and interac t ions  o f  LPL have been wel l charac te r ised ,  m any  unanswered  

ques t ions  on the t ranspor ta t ion  and  regu la t ion  o f  L P L  ac t iv i ty  (both 

f u n c t i o n a l  an d  n o n - f u n c t io n a l )  in the  w h o le  a n im a l  r e m a in .  L i t t le  

in fo rm a t io n  is a va i l ab le  on the p h y s io lo g ic a l ly  ac t ive  pool  of  L PL  

ac t iv i ty ,  p resen t  at the cap i l la ry  e n d o th e l iu m ,  in c h ic k e n s  (or  o ther  

species )  and its role in the pa r t i t i on in g  o f  l ipopro te in  t r i acy lg lyce ro l  

between  s torage and  oxida t ion or  its role  in the growth  and maturat ion  

o f  t issues  during deve lopment .  The effect  o f  enz ym e  f luxes th rough the 

t is sue  c o m p a r t m e n t s  on fu n c t io n a l  e n z y m e  a c t iv i ty  an d  the f ac to rs  

regu la t ing  enzym e  trans loca t ion  are a lso largely uncharac te r ised .

The lack o f  in fo rmat ion  on the funct ional  pool  o f  LPL activi ty  in vivo  

resul ts  f rom the absence of  a re liable m ethod  for  its assessment .  Enzyme 

ac t ivi ty  m ea s u red  in acetone  d ie thy l -e the r  p ow de r s  or  af te r  ex tract ion 

o f  t issue hom ogena tes  in the presence  of  de te rgen ts  rep resen ts  the level 

o f  total  t i s sue  L PL  a c t iv i ty ,  c o n s i s t i n g  of  both i n t r a c e l lu l a r  and  

e x t race l lu la r  pools.  Incubat ion o f  t issue segments  in hepa r in -con ta in ing  

m ed ium  (Iverius and Brunze l l ,  1985)  may  cause  the r el ease  of  enzyme 

f rom severa l  d i f f e r e n t  c o m p a r t m e n t s  w i th in  the t is sue .  U s in g  this  

m e th o d ,  d i f f e re n t  in cu b a t io n  c o n d i t ions  can lead  to the r e l e a se  of  

va rying amounts  of  LPL and losses  of  enzym e  act ivi ty re leased  into the 

medium over  the incubat ion period cannot  be excluded.

The  overa l l  a im of  the p resen t  pro jec t  was to deve lop  t echn iques  to 

quant i fy  the pools of  LPL act ivi ty  (especial ly  the funct iona l  pool) that 

exis t  w i th in  ch ic ken  t issues  in v ivo .  N u t r i t i o n a l  an d  d e v e l o p m e n t a l  

changes in the level and dis t ribut ion of  LPL within chicken t issues  were 

s tudied using the techniques of: hepa rin -re lease  o f  enz ym e  activity  from 

the isola ted pe rfused heart; the use of  an iod ina ted  an t i -LPL monoclona l  

an t ibody  in vivo  to m easure  LPL protein ava i lable  at the capil lary bed 

o f  ind iv idua l  t issues;  the fate o f  [ 1 4 C] l a b e l l e d  V L D L  and  semi-  

q u a n t i t a t i v e  im m u  n o h i s t o c h e m i s t r y .
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CHAPTER 2

THE PURIFICATION OF CHICKEN LIPOPROTEIN LIPASE

2.1 INTRODUCTION

The overa l l  aim of  the p resen t  projec t  was the the im m unoquan t i ta t ion  

and  i m m u n o lo c a l i z a t i o n  of  fu n c t io n a l  c h ic ke n  L P L  at the  ca p i l l a ry  

e n d o th e l iu m .  S a m p le s  o f  pure  L P L  were  t h e re fo re  r e q u i r e d  as an

i m m u n o g e n  fo r  the p r o d u c t io n  o f  bo th  p o l y c l o n a l  and  m o n o c l o n a l  

an t ibod ies  and for  their  subsequen t  de tect ion and assessment  by ELISA . 

Because  the an t ibod ies  were r equ i red  for  s tudies  in the pe rfused  heart  

model  system and also for  use in vivo ,  the prese rva t ion  of  the enzyme 

in its nat ive state during  the purif icat ion procedure  was essent ia l  for  its 

potent ia l  use as an im m unogen .  In c o m m o n  with many  o the r  proteins ,

the r eac t ion  o f  L P L  with speci f ic  an t i bod ie s  has  been fo u n d  to be 

c o n fo r m a t io n  d e p e n d e n t  (F r igue t  et al., 1989). A num ber  of  previous 

s tudies have however ,  repor ted  the product ion  o f  po lyclona l  an t ibodies

which  are m ore  reac t ive  towards  the d e n a tu re d  c o n fo rm a t io n  o f  LPL 

than that  of  the na t ive  spec ies  (O l iv e c ro n a  and  B e n g t s so n ,  1983) .  

Indeed ,  Pe te rson ,  et al., (1992)  c h a ra c te r i z e d  a m o n o c l o n a l  an t ibody  

which  r eac ted  only with the de na tu red  species  o f  h u m a n  and bov ine  

L P L  and  s u g g e s t e d  that  the a n t ibody  was spec i f ic  fo r  an ep i tope  

p rev io u s ly  h idden  but  e x p o s e d  by a c o n f o r m a t io n a l  c h a n g e  in the 

enzyme used as an imm unogen .

The first  s tage in the purif icat ion of  LPL from t issue sources  in most  

pub l ished  pro toco ls  has been the p roduc t ion  of  a c e tone  d i e thy l - e the r  

dr ied powders  of  the tissue. This  is due to the s tabi li ty o f  LPL activity 

du r in g  and  f o l lo w in g  a c e to n e  d i e t h y l - e th e r  t r e a tm e n t  w h e r e a s  o ther

l ipases  p resen t  (eg: h o rm o n e  sens i t ive  l ipase)  are i n a c t iva ted  by the 

procedure  (Palmer  and Kane, 1983). It has been p roposed  that  the high 

level of  LPL act ivi ty  m easured  in such powders  was due  to the release 

of  m e m b r a n e  enc lo sed  (crypt ic)  enzym e  by the de l ip ida t ion  p rocedure  

(Chohan and Cryer,  1978).

The  or iginal  observa t ion  that  bovine milk LPL in te rac ted  s t rongly with 

i m m o b i l i z e d  h e p a r i n  ( O l i v e c r o n a  et al., 1971) has led to the use of  

aff inity ch rom atography ,  using heparin as the l igand, for  the product ion
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of  high speci f ic  ac t iv i ty  p repara t ions  o f  bov ine  m ilk  LPL.  S ince  its 

in troduc t ion ,  this p rocedu re  has also been used wide ly  to pur ify  LPL 

from m a n y  t is sue  sou rces .  H o w e v e r ,  a l t h o u g h  the h e pa r in  a f f in i ty  

c h ro m a to g r a p h y  step p roduced  s ign i f ican t  levels  o f  pu r if ic a t ion ,  it has 

been fo l lo w e d  by other  sequen t ia l  c h ro m a to g r a p h y  s tages  in o rde r  to 

purify the enz ym e  to homogene i ty .  For  exam ple ,  LPL was pur if ied  to 

hom ogene i ty  f rom pig ad ipose  t issue by B e nsadoun  et al. (1974)  using 

two sequent ia l  aff inity  ch rom ato graphy  steps.  In this case,  the first  step 

u s e d  h e p a r i n  c o v a l e n t l y  l i n k e d  to S e p h a r o s e  a n d  the  s e c o n d  

c o n c a n a v a l i n - A  also cova le n t ly  bound  to Se pha rose ,  the la t te r  be ing  

e m p l o y e d  b e c a u s e  o f  the  s t r o n g  a f f i n i t y  b e t w e e n  the  h e a v i l y  

g lycosyla ted LPL and  the aff inity l igand. To achieve the pur if ica t ion of  

LPL  from h u m a n  m ilk  h o w e ve r ,  Z e c h n e r  (1990)  u sed  h y d r o p h o b ic  

i n t e r a c t i o n  c h r o m a t o g r a p h y  on p h e n y l - S e p h a r o s e  as the  s e c o n d  

c h r o m a t o g r a p h y  s tep .  By c o n t r a s t  w i th  such  p r o t o c o l s ,  fo r  the 

p u r i f i c a t i o n  o f  L P L  to h o m o g e n e i ty  f rom p o s t - h e p a r i n  p l a s m a ,  a 

h y d r o x y la p a t i t e  c o lu m n  was  i n t r o d u c e d  b e tw e e n  an in i t i a l  hepa r in -  

Sepha rose  a ff in i ty  s tep and  e i the r  a c o n c a n a v a l in - A  (H ayash i  et a l . ,

1986) or  p h e n y l - S e p h a ro s e  a ff ini ty  c o lu m n  (Cheng  et al., 1985). The 

hydroxy lapa t i t e  co lum n was useful  in this con tex t  because  of  the c o ­

pur if ica t ion of  large quant i t ies  o f  p lasm a-de r ived  a n t i th rom bin  III with 

LPL during  the hepa r in -Sepha rose  aff inity  c h rom a tog ra phy  stage.

T he re  have  been  fou r  p rev ious ly  r epo r ted  pu r i f ica t ions  o f  L PL  from 

chicken  ad ipose  t issue and the character is t ics  of  the enzym e  produced  in 

each case are shown in Table  2.1. In all o f  these cases ,  LPL has been 

pu r i f i e d  from a d ip o s e  t i s sue  u s ing  e s s e n t i a l l y  the p r o c e d u r e  f irs t  

desc r ibed  by Bensadoun  et al. (1974)  ie: c h ro m a to g r a p h y  on heparin -  

S e pha rose  fo l low e d  by c h ro m a to g r a p h y  on c o n c a n a v a l in  A - S e pha rose .  

In this Chapte r ,  the procedures  avai lable  for the purif icat ion  of  chicken 

LPL were eva lua ted  to ensure that enzyme of  high specif ic  act ivity and 

na t ive  c o n f o r m a t i o n  c o u ld  be p u r i f ie d  r o u t i n e ly  in the q u a n t i t i e s  

requ i red  for  im m un iza t ion  and the sc reen in g  o f  an t ibodies .  An init ial  

ob jec t ive was to de te rmine  the most  appropr ia te  t issue source  o f  LPL, 

with ch icken  heart  and abdomina l  fa t  being inves t iga ted ,  both having 

high levels of  enzyme activity (Guo,  et al., 1988; Griffin, et al., 1991b). A 

second  o b jec t ive  was to com pa re  the use o f  c o n c a n a v a l in - A  aff ini ty  

c h r o m a t o g r a p h y  a n d  p h e n y l - S e p h a r o s e  h y d r o p h o b i c  i n t e r a c t i o n  

ch rom atography  with respect  to opt im iz ing  the overal l  yield and specific
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activity o f  the LPL that was recovered.

Table  2.1 Characte r is t ics  of  ch icken  L PL  prepara t ions  reported 
p r e v i o u s l y .

T issue  source M o l e c u l a r Specif ic R e f e r e n c e
W e i g h t A c t iv i t y
(KDa) ( u n i t s * / m g  p ro t e in )

Adipose 6 0 1 0 , 8 1 5 C h e u n g  el al. (1979)

Adipose 6 0 1 9 , 6 0 0 G e r s h e n w a ld et al. ( 1 9 8 5 )

Adipose 6 0 7 , 3 8 5 K o m p ia n g  el al. (1976)

A d i p o s e 7 3 1 3 , 3 1 2 Bcnsadoun & Ko mp ian g
( 1 9 7 9 )

* p m o l c s  N E F A  re l eased  pe r  hour.

2.2 MATERIALS AND METHODS

2.2.1 P re p a ra tio n  o f  ace tone  cLiethyl-ether p o w d ers

Chicken  hear ts  were  ob ta ined  fo l low ing  the ev isce ra t ion  process  on a

c o m m e r c i a l  s l a u g h t e r  h o u s e  l ine  a n d  on c o l l e c t i o n  th e y  w e r e  

i m m e d i a t e l y  p l ac e d  in to  l iqu id  n i t roge n .  A b d o m i n a l  fa t  pads  were

rem oved  from 6 - 8  week  old broi ler  ch ickens  that  had been ki l led by 

ce rv ica l  d i s loca t ion .  Th is  t is sue  was also f rozen  in l iq u id  n i t rogen

im m edia te ly  fo l lowing  co l lect ion.  Both t issues  were s tored  at -70°C for 

up to three months before use wi thout  any loss of  activity.

T h e  m e t h o d  a d o p t e d  for  the p r e p a r a t i o n  o f  a c e t o n e  d i e t h y l - e t h e r  

p o w d e r s  f rom  c a r d i a c  t i s sue  was  e s s e n t i a l l y  th a t  d e s c r i b e d  by 

B o r e n s z t a j n  et al. (1970) .  For  this,  f rozen  hear ts  were  c ru s h e d  and 

homogen ized  in 50 mM N H 3 / N H 4 CI buffer, pH 8.1, (0.5 g/ml) at 4°C using 

a P o l y t r o n  h o m o g e n i z e r  ( K i n e m a t i c a ,  L u c e r n e ,  S w i t z e r l a n d ) .  The  

resu l tan t  hom ogena te  was then pou red  into ice  co ld  acetone  ( 1 0  ml/g

w et  w e i g h t  o f  t is sue )  and  the  p r e c ip i t a t e  that  f o r m e d  a l l o w e d  to 

f locculate  for  10 min.  The mater ia l  was then f i l tered th rough  W hatm an  

fil ter  paper  N o l  (W hatman  Int Pic, M aids tone ,  Kent)  us ing  a Buchne r  

fil ter funnel .  The pro te in -con ta in ing  precipi ta te  was then washed  on the 

fil ter  paper  us ing  acetone  ( 1 0  ml/g or igina l  wet  weight  of  t issue) and 

diethyl-ether  (10 ml/g original wet  weight  of  tissue) at 20°C.
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For the p roduct ion  o f  acetone  d ie thy l-e ther  powders  f rom fat pads,  the 

f r o z e n  t i s s u e  w a s  c r u s h e d  a n d  h o m o g e n i z e d  u s i n g  a P o l y t r o n  

h o m o g e n i z e r  d i rec t ly  in to  ice  co ld  ace tone  ( 2 0  m l/g  wet  w e igh t  of  

tissue) and s ti rred on a magnet ic  s ti rrer for 30 min at 0°C. The  pro tein 

prec ip i ta te  which  fo rm ed  was f i l tered,  r e su spended  in ice  co ld  diethyl-  

e ther  ( 1 0  ml/g  w e t  we igh t  o f  t issue) and s t i r red on a m agne t ic  s ti rrer 

for a fur ther  30 min at 0DC. The  p rec ip i t a te  was  f in a l ly  co l l ec ted  by 

f i l t ra t ion th rough W h a tm a n  fi l ter  paper  N o l .  and  residua l  d ie thy l- e th e r  

present  in the t issue powders  was rapidly r em ove d  unde r  vacuum.

The tissue powders  were s tored for up to a week at -70°C withou t  loss o f  

ac t iv i ty .

2.2.2 M ea su re m e n t  o f  LP L  ac tiv ity

LPL act ivi ty  was m easu red  using Intral ipid (Kabi-Vi t rum Ltd,  Uxbridge,  

UK.) ,  a c o m m e r c i a l l y  ava i l ab le  p h o s p h o l i p i d - s t a b i l i s e d  t r i a cy lg lyc e ro l  

emuls ion ,  as substrate  (Guo et al., 1988). Any  non-este r i f ied  fat ty acids  

(NEFA) present  in the Intral ipid were rem oved  before  use by incubat ion 

with N E F A  d e p le t e d  BSA ( p r o d u c e d  by the m e t h o d  d e s c r i b e d  in 

Appendix  1). This  was ach ieved  by mixing  7 ml of  Intral ipid with 21 ml 

of  50 m M  Tr is /HCl buffer , pH 8.0, conta in ing  2% (w/v) NEFA depleted 
BSA , 2 mM CaC l 2  and incubat ing  the mixture  at 37°C for 1 hour. The

m ix tu re  was then  c e n t r i f u g e d  at 2 0 , 0 0 0  g av for  2 0  min with the 

t rea ted In tr a l ip id  be ing r e c o v e r e d  by asp i ra t ion  of  the f lo a t in g  layer 

and resuspended in 0 .9% (w/v)  saline to give the initial vo lume of  7 ml. 

The  t rea ted Intra l ip id was ac t ivated  by incubat ion  for  1 hour  at 37°C 

with 3 volum es  o f  imm atu re  broi ler serum, which serves as a donor  of  

the LPL -ac t iva tor  protein,  apo CII (Olivecrona and  Bengts son-Olivec rona,

1987). The enz ym e  activi ty  assay mix ture  was p repared  by add ing  an 

equal  vo lume  of  250 m M  Tr is /HCl buffer,  pH 8.0, conta in ing  10% (w/v) 
NEFA depleted BSA and 10 mM CaCl 2  to the activated Intralipid. For the

de te rmina t ion  of  enzyme activity,  dupl icate  20, 40 and  60 p i  a liquots of  

va ry ing  d i lu t io n s  of  e n z y m e  source  ie: h o m o g e n a te ,  s u p e rn a t an t  or 

co lum n e luan t  were incuba ted  with 1 0 0  p i  o f  e n z y m e  ac t iv i ty  assay 

mixture  together with 50 pi of  20 m M  Tris /HCl buffer,  pH 8.0, containing 

20 pg  of  heparin/ml.  The enzyme react ion was al lowed to proceed  for  30 

min at 37“C with con t inuous  shaking.  Reac t ions  were then s topped  by 

the addi t ion of  2.4 ml  of  100 m M  glycine buffer,  pH 2.7. The NEFA 

r e l e a s e d  w e r e  e x t r a c t e d  u s i n g  3 .2  ml o f  d i - n  - b u t y l -
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e t h e r / e t h a n o l / h e p t a n e  ( 2 2 5 : 1 5 0 : 2 5 )  a n d  m e a s u r e d  as  d e s c r i b e d  by 

B o w y e r  et al. (1978)  us ing  a cont inuous  f low A u toa na ly se r  (Techn icon  

Corp.,  T a r ry tow n ,  N e w  York)  The  assay reagen ts  were  fre sh ly  prepared  

as d e sc r ibed  in A ppe nd ix  2. Brief ly ,  the N E F A  presen t  in the upper  

o rgan ic  phase,  o b t a in e d  from the ex tr ac t ion  of  as say  sam p les ,  were 

conver ted  to a coppe r - soap  complex .  The  am oun t  of  coppe r  p resen t  in 

this c om plex  was de te rm ined  using a co lor imetr ic  reac t ion p roduced  by 

the addi t ion of  1,5 -d iphenylca rdaz ide  to the samples .  The  abso rbance  of  

the samples  at 550 nm was then de te rm ined  using a tubular  f low cell 

colo r imete r  (Technicon  Corp.) .

From a stock soln of  palmitic acid in chloroform (1 p m o le /m l ) ,  s tandards  

containing 0.5, 0.4, 0.3, 0.2, 0.1, 0.0 pm oles  of  NEFA were prepared  and 

t reated in the same m anne r  as assay tubes.  NEFA release in the assays 

was found  to be l inear over  the incubat ion per iod and one unit  o f  LPL 

activity was def ined as the release of  1 p m o le  of  N E F A  per  hour.  With 

each batch o f  assays,  control  tubes were inc luded  in which the enzym e  

source was om it ted  or inhibi ted by the addit ion of  1.0 M NaCl. In these 

cases no s ignif icant  levels of  N E F A  release were detected.

2.2.3 S o lub il iza t ion  o f  L P L  ac tiv ity  f r o m  ch icken  hear t  acetone  d iethyl-  

e th er  p o w d e r s

Solub le  ex tr ac t s  of  ace tone  d i e thy l - e the r  powders  of  ch ic k e n  ca rd iac  

t is sue  were  p r o d u c e d  by h o m o g e n i z in g  the p ow de r s  (30 m g /m l)  in 

e ither 10 m M  phospha te  buffer,  pH 6.5, containing 1.2 M NaCl and 30% 

(v/v) glycerol  or  5 m M  sodium barbi tone buffer,  pH 7.5, conta in ing  0.1% 

Triton X-100  and 30% (v/v) glycerol using a Polytron homogenizer .  Each 

hom ogena te  was then s ti r red on a magnet ic  s ti r rer  con t inuous ly  at 4"C

for 30 min and then cent r i fuged at 30,000 g av at 4"C for  15 min. The

resu l tan t  supe rn a t an t  was r e m o v e d  by a sp ir a t ion  and  the pe l le t  was 

resuspended in an equal amount  o f  the original buffer . LPL act ivity was 

then d e t e r m i n e d  in d u p l i c a t e  in all  t h ree  s a m p l e s  ( h o m o g e n a t e ,  

supe rna tan t  and pelle t )  in order  to ascer ta in  the e ff i c i ency  o f  LPL

extract ion from the powder .

2.2.4 P urifica tion  o f  LPL

The initial step in the purif icat ion of  LPL was accom pl i shed  using the

m e t h o d  o f  B e n s a d o u n  et al. ( 1 9 7 4 )  w h i c h  e m p l o y s  a f f i n i t y  

c h ro m a to g r a p h y  on h e p a r i n -S e p h a r o s e .  The  h e p a r i n - S e p h a r o s e  m at r ix
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was p repared  by the m ethod  o f  Iver ius  (1971) us ing  cyanogen  bromide-  

ac t iva ted  S e p h a ro s e  4B ( S ig m a  C he m ic a l  Co.)  and  p o r c in e  m ucosa l  

heparin as descr ibed  in Appendix  3. Extract ion and solubi l izat ion of  LPL 

was a c h i e v e d  by h o m o g e n i s i n g  the  a c e t o n e  d i e t h y l - e t h e r  p o w d e r s  

(50mg/ml)  in 1.2 M NaCl in 10 m M  phosphate  buffer , pH 6.5, containing 

30% glycerol  (Buffer  A), as descr ibed in sect ion 2.2.3.  The  hom ogena te  

was then cen t r i fuged  at 30 ,000  g av at 4"C for  15 min.  The resu l tan t  

s u p e r n a t a n t  was  r e m o v e d  by a s p i r a t i o n  an d  then  i n c u b a t e d ,  wi th  

occasional  mix ing,  for  30 min together  with heparin -S epharose  (40 ml of  

packed gel per  150 ml o f  extract)  p reviously  equi l ib ra ted  with Buffer  A. 

The  gel was then packed  under  gravi ty  into a glass co lum n (2.4 cm by 

20 cm) and w ashed  with Buffer  A con ta in in g  0.9 M NaCl  until  the 

m easured  abso rbance  o f  the eluant  at 280 nm, app roached  zero. At  this 

point Buffer A containing 2.0 M NaCl was applied to the co lumn at a flow 

rate of  one co lumn vo lume  per  hour  in order  to elute the bound LPL.

Fract ions  e lu ted  from the hepa r in -S epha rose  co lum n were  a s sa y e d  for 

LPL act ivi ty and those which were found  to be r ich in enzym e  activity 

were poo led and ad justed to 1.0 M NaCl pr ior to appl icat ion (at a flow 

rate of  10 ml/hour)  on to  a 5 ml  co lum n of  concanava l in  A -Sepha rose  

(Sigm a C hem ica l  Co.),  p rev ious ly  equi l ib ra ted  with Buf fer  A con ta in in g  
1.0 M NaCl,  1.0 m M  M nC l 2  and 1.0 m M  CaC l 2 - The  co lumn was then

washed with 10 co lumn volumes of  Buf fer  A conta in ing  1.0 M NaCl and 

su b s e q u e n t ly  e lu ted ,  at  a f low ra te  of  20 m l / h o u r  wi th  B u f f e r  A 
containing 0.6 M methyl  a -D -m a n n o p y ra n o s id e  and  0.6 M methyl  a - D -  

g lucopyranos id e  (Parkin et al., 1982).

Ch icken  c a rd i ac  LPL ,  pa r t ia l ly  p u r i f ie d  by e i the r  h e p a r i n - S e p h a r o s e  

a f f i n i t y  c h r o m a t o g r a p h y  or  s e q u e n t i a l  h e p a r i n - S e p h a r o s e  a n d  

c o n c a n a v a l in  A - S e p h a r o s e  a ff in i ty  c h ro m a to g r a p h y ,  was  l o ad e d  at a 

f low rate o f  1 0  m l /hour  d irec t ly  on to a 1 0  ml co lu m n  of  pheny l-  

Sepharose  CL-4B (S ig m a Chemica l  Co.),  the co lum n hav ing  p rev ious ly  

been e qu i l ib ra ted  with the buf fe r  used  to e lute  the e n z y m e  from the 

p revious  co lum n  (hepa r in -Sepha rose  or conc ana va l in  A -Sepha rose ) .  The  

pheny l-Sepha rose  co lum n was then washed  with 10 co lum n  vo lumes  of 

5 mM phosphate  buffer , con taining 20% (v/v) glycerol ,  before  e lution, at 

a f low rate o f  20 ml/hour ,  with buffer  conta in ing  4 m M  SDS,  50 mM 

o c t y l - B - D - g l u c o p y r a n o s i d e  ( C h e n g  et a l ., 1985)  or  de o x y c h o la te ,  5 

mg/ml,  (Zechner ,  1990).
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Fract ions  c o n ta in ing  LPL ac t iv i ty  were conc en t ra te d  unde r  ni t rogen  in 

an Amicon ul trafi lt rat ion cell (Amicon Corp,  Lexington,  Mass,  USA) using 

a P M 3 0  m e m b r a n e ,  d i l u t e d  wi th  B u f f e r  A to r e d u c e  the  NaC l  

c o n c e n t r a t io n  to be lo w  0.1 M and  then r e c o n c e n t r a t e d  be fo re  be ing  

s to red at -70°C.  The  pro tein con ten t  of  samples  at each  s tage o f  the 

p u r i f i c a t i o n  p r o c e d u r e  was  d e t e r m i n e d  by the m e t h o d  o f  B r a d f o r d

(1976)  us ing  a Coomassie  (blue) protein assay reagen t  (Pierce, Rockford,  

II, U S A ) .  S a m p l e s  w e r e  t h e n  s u b j e c t  to p o l y a c r y l a m i d e  gel

e le c t ropho res i s  (sec t ion  2.2.5)  to c he ck  the pur i ty  o f  the p repa ra t ion  

before  its use as an im m unogen  (section 3.2.1/2).

2.2.5 P o ly a c r y la m id e  ge l  e le c tr o p h o r e s is  in the p r e se n c e  o f  so d iu m  

dodecyl sulphate  ( S D S - P A G E )

Vert i cal  p o l y a c r y l a m id e  gel e l e c t ropho res i s  was  p e r f o r m e d  us ing  the 

bu f fe r  sy s te m  d e s c r i b e d  by L a e m m l i  (1970) .  In b r ie f ,  ge ls  were  

p repa red  us ing  d i lu t ions  o f  a s tock ac ry lam ide /b i s  so lu t ion  con ta in ing  

40% (w/v) ac ry lam ide  and 1% (w/v) N /N ' -m e th y len e b i sa c ry la m id e .  Slab 

gels, of  12% (w/v) ac ry lamide  were run on a Protean II system (Biorad, 

R ichm ond ,  Cal i fo rn ia ,  USA) .  Gels  con ta in ing  l inear  gradien ts  o f  8-20% 

(w/v) a c ry lam ide ,  were run on a dual mini  slab gel appara tu s  (Atto

Corpo ra t ion ,  Tokyo ,  Japan) .  A 5% (w/v) ac ry lam ide  s tack ing  gel was 

used  in both sys tem s  and  the f ina l  bu f fe r  c o n c e n t r a t i o n s  were  as

follows:  0 .125 M Tr is /HCl,  pH 6.5, con ta in ing  0.1% (w/v) SDS in the 

s tacking gel and 0.375 M Tris /HCl,  pH 8 .6 , containing 0.1% (w/v) SDS in 

the reso lv ing  gel. The  gels were po lym er ized  by the addi t ion o f  10% 

(v/v)  N ,N ,N , ’N ' - t e t r a m e th y le th y le n e d ia m in e  and  7 .5%  (w/v)  a m m o n iu m  

p e rs u lp h a te  so lu t ion .  The  c o m p o s i t i o n  o f  the so lu t ions  u sed  in the 

preparation of  the gels are given in Table  2.2.

S a m p le s  fo r  e l e c t r o p h o r e s i s  ( 1 0 - 2 0  p i )  were  m ix e d  with an equal  

vo lume of  sample  buffer  which cons is ted of  1 . 0  ml  s tacking gel buffer,  

0.2 ml of  2-mercaptoethanol ,  0.4 ml glycerol,  80 m g  SDS,  0.3 ml dist il led 

water  and 0.1 ml 0 .05% w/v  bromophenol  blue (Sigma Chemica l  Co.).  The 

mix tu re  was hea ted to 100°C for 5 min and t ransferred to a well  in the 

s tacking gel.

E lectrophoresis  was carr ied out  at a constant  current  of  30 mA with an 

electrode buffer  o f  0.25 M Tris /HCl,  pH 8.3, con taining 0.192 M glycine
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and 0.1% (w/v)  SDS and  was te rm in a te d  when the b ro m o p h e n o l  blue 

t racking dye  had t ravel led to within 0.5 to 1.0 cm of  the lower  edge  of  

the gel. The gels were then s ta ined at 20°C in a solut ion o f  0 .125% (w/v) 

Coomassie  Bri l l iant  Blue (Sigma Chemica l  Co.) in 10% (v/v) acet ic  acid, 

25% (v/v)  i so p r o p a n o l .  T he  gels  were  s u b s e q u e n t ly  d e s t a i n e d  us ing  

repea ted changes  of  8 % (v/v) methanol ,  1 0 % (v/v) acet ic acid in dist il led 

w a t e r .

Table  2.2 Table  of  solut ions used to prepare SD S-P A G E gels.

A e r y  1- Gel S ta c k in g II20 TEMED APS Final Final %

am id c bu f f e r gel buffer vol a c r y l a m i d e

(ml) (ml) (ml) (ml) (D ) (pi) (ml)

1.0 2 .5 - - 1.5 2 0 2 0 5 .0 4 8

2 .5 2 .5 - - - - 10 10 5 .0 2 20

7 .5 12.5 - - 5 .0 75 75 2 5 . 1 5 1 2

0 .6 2 5 2 .5 1 .7 2 5 50 50 4 .9 5 5 (SG)

Com position o f  stock solu tions used to p repare  SD S-polyacrylam ide  gels.
Acrylamide: 40% (w/v) acrylam ide,  1% (w/v) N 'N' m ethylenebisacrylam ide.
Resolving gel buffer: 0.75 M Tris /HCl,  pH 8.6, containing 0.2% (w/v) SDS.
Stacking gel buffer: 0.25 M Tris /HCl,  pH 6.5, containing 0.2% (w/v) SDS.
TEMED: NNN'N ' Tetramethylcthylcncdiamine (TEMED),  10% (w/v) I I jO .

APS: A m m onium  persulphate, 75 mg/ml in H20 .  SG: stacking gel

T h e  m o l e c u l a r  w e i g h t  o f  u n k n o w n  p r o t e i n s  w as  e s t i m a t e d  by 

com pa r i son  o f  thei r  m ig ra t ion  to that  o f  pro tein  s tandards  o f  know n  

m olecu la r  weight .  This  compar ison  was done graphical ly  by plot t ing the 

relat ive mobil i ty  of  each s tandard (ie: dis tance m oved  in rela t ion to the 

tracking dye)  against the l o g m  of  their respec t ive molecu la r  weight .  Two 

c om m e rc ia l ly  ava i lable  m ix ture s  of  s tandard  p ro te in  m arke rs  of  known  

m olecu la r  we igh t  were used in the work  descr ibed  in this Chapter .  The 

m o le c u la r  w e igh ts  o f  the c o m p o n e n t s  of  E lec t ran  m o le c u la r  w e ig h t  

markers  (S igma Chemica l  Co.) were: bovine serum album in ,  66.0  KDa;  

o va lbum in ,  45 .0  KDa;  g ly ce ra ld e h y d e -3 - p h o s p h a te  d e h y d ro g e n a s e ,  36.0 

KDa; c a rbon ic  a nhyd rase ,  29.0 KDa;  t ry ps inogen ,  24.0  KDa;  t rypsin 

inhibi tor , 20.1 KDa and lac talbumin,  14.2 KDa.  A l inear  re la t ionship was 

obta ined  by p lot t ing  the log]Q of  the molecula r  we ight  of  the s tandards 

against  their e lectrophoret ic  mobil i ty  on slab gels m ade  up o f  1 2 % (w/v)  

ac ry lam ide .  The  m o le c u la r  we igh ts  of  the co m p o n e n t s  o f  the second  

s ta nda rd  m ix tu re  R a in b o w  m o le c u la r  w e ig h t  m ark e rs  ( A m e r s h a m  Int
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pic, A m e rs h a m ,  Bucks,  UK) were:  myosin ,  200 KDa;  p h o spho ry la se  b,

97.4 KDa; bovine serum albumin,  69 KDa;  ova lbumin ,  46 KDa;  carbonic  

anhydrase ,  30 KDa;  t rypsin inhibi tor,  21.5 KDa and lysosyme,  14.3 KDa. 

Plots of  the l o g 1 0  of  the molecular  weight  of  the s tandards against  their 

e lec trophore t ic  mobi l i ty ,  on l inear  grad ien t  po ly a c r y la m id e  gels  (8 - 2 0 % 

w /v ) ,  t y p i c a l l y  g a v e  a c u r v e  i d e n t i c a l  to t h a t  g i v e n  by the 

manufacturer s .  The  m olecu la r  weights  of  sample  prote ins  were found  to 

be s imila r  when  de te rmined  using the two s tandard mixtures .

2.3 RESULTS

2.3.1 The  s o lu b i l i z a t io n  o f  c h ic k e n  L P L  f r o m  a c e to n e  d ie th y l - e th e r  

p o w d e r s

All previous reports o f  the isolation of  chicken LPL have used abdominal  

fat as the initial  t issue source,  probably because of  the high level of  LPL 

activity present  in the t issue (Guo et al., 1988; Griff in  et al., 1991b).  

H ow e ver ,  because  ch icken  hear ts  a lso read i ly  p r oduce d  high ac t iv i ty  

powders  and were easily  col lected  in large quanti t ies  from a commerc ial  

s laughte rhouse  line, it was this t issue that  was init ia lly inves t iga ted as a 

sui table a l ternate source o f  LPL.

Several  buffers  have been descr ibed for  the solubi l izat ion  o f  L P L  from 

a c e t o n e  d i e t h y l - e t h e r  p o w d e r s .  T h e  e f f e c t i v e n e s s  o f  a high salt  

c o n ta i n in g  b u f f e r  (as d e s c r i b e d  by B e n s a d o u n  et al., 1974) and  a 

detergent  con ta in ing  buffer  (as descr ibed  by Parkin et al., 1982) for  the 

so lubi l izat ion of  ch icken cardiac LPL was invest igated.  So luble  extracts  

of chicken cardiac powders  were produced using ei ther 1.2 M NaCl in 10 

m M  phospha te  buffer ,  pH 6.5, or  0 .1% Tri ton X-100  in 5 m M  sodium 

barb i tone  buffe r ,  pH 7.5,  as desc r ibed  in sect ion 2.2.3.  Both buffers  

con ta ined  30% (v/v) glycero l  in order  to help s tabi lize enz ym e  activity.  

The resul ts  are summ ari sed  in Tab le  2.3.
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Tab le  2 . 3  T h e  e f f e c t iv e n e s s  of  high  sal t-  and  d e te rgen t -  co n ta in in g  
buffers  in the solubi l iza t ion of  LPL activi ty  f rom ace tone  d ie thy l-e the r  
powders  o f  chicken cardiac tissue.

B u f f e r  A c t i v i t y  in Ac t i v i t y  in  A c t i v i t y  in P e r c e n t a g e
a d d i t i v e  h o m o g e n a t e  s u p e r n a t a n t  p e l l e t  e x t r a c t i o n

( u n i t s * / m l )  ( u n i t s * / m l )  ( u n i t s * / m l )

1.2 M NaCl  1 2 . 3 0  1 0 . 2 9  2 . 9 4  8 4
0 .1% Tr i t o n  9 . 8 4  1 . 9 5  6 . 2 4  2 0

The  resul t s  r ep r e sen t  mean  data  de r i ved f r om  two  ex t r ac t i ons  of  30 mg /ml  o f  ch i cken  
ca r d i ac  t i s sue  a c e t o ne  d i e t h y l - e th e r  p o w d e r s ,  u s i n g  the m e t h o d  d e s c r i b ed  in sec t ion  
2.2.3.  T h e  t i ssue  pe l l e t  was  r e s us p en de d  in an equa l  v o lu m e  o f  bu f f e r  to a s s ay  for 
r ema in ing  L P L  ac t i v i t y  ( * p m o lc s  N E F A  rel ease  pe r  hour) .

Extract ion in the presence  of  buffer  containing 1.2 M NaCl was found to 

be a p p ro x im a te ly  4 t imes  as e ff ec t ive  as 0 .1% Tr i ton  X - 1 0 0  in the 

ex tr ac t ion  of  ch icken  card iac  L P L  ac t ivi ty  f rom ace tone  d ie thy l - e the r  

powders  and  was there fore  used in all subsequen t  purif icat ions.

2.3.2 The pur if ica tion  o f  L P L  f r o m  cardiac tissue

At each s tage  o f  the purif icat ion p rocedure  descr ibed  in sect ion 2.2.4,  

sa m ples  w e re  taken  for  d e te r m in a t io n  o f  L PL  spec i f ic  ac t iv i ty  and 

assessment  of  the protein const i tuents  by SDS-P AG E.

D u r in g  the f i r s t  s tage  o f  the p u r i f i c a t i o n  us ing  h e p a r i n - S e p h a r o s e

aff ini ty  ch ro m a to g ra p h y ,  the L PL  activi ty  peak  was cons is ten t ly  e lu ted

slight ly later than the main protein peak fol lowing the addit ion o f  buffer 

c o n t a i n i n g  2 .0  M N a C l  to the  h e p a r i n - S e p h a r o s e  c o l u m n .  A 

r ep resen ta t ive  elut ion  prof i le  is shown in Fig 2.1. The  m ean  specif ic

activity of  the LPL fo l lowing this s tage in the purif ication procedure  was

896 u n i t s / m g  (T a b le  2 .4 ,  m e a n  o f  2 t yp ic a l  p u r i f i c a t i o n s )  which  

re p r e s e n te d  a 2 2 4 0 - fo ld  p u r i f ic a t ion  when  c o m p a r e d  to the s ta r t ing  

mater ia l  (ca rd iac  t issue acetone  d ie thy l- e th e r  dr ied powder) .
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Figure 2.1 C h rom atography  of  the soluble extract  ch icken  cardiac t issue 
ace tone  d ie thy l - e the r  d r ied  pow d e r  on a h e pa r in -S epha rose  aff inity  
c o l u m n .

2.0 80

c
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O'-}

<  0.5 -
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e

o.o

1 . 5 -

0 5 1 0  1 5  2 0  2 5  3 0
Fraction number

Th e  m e a s u r e d  a b s o r b a n c e  at  2 8 0 n m  o f  t he  f r a c t i ons  e lu t ed  f r o m  a 80 ml  hepa r in -  
S e p h a r o s e  a f f i n i t y  c o l u m n  to w h i c h  t he  so lu b l e  e x t r a c t  of  ch i c k e n  ca rd i a c  t i ssue  
ac e t on e  d i e t h y l - e t h e r  d r i ed  p o w d e r  had  be en  app l i ed ,  as d e sc r i b ed  in s ec t i on  2.2.4.  
Th e  po in t  at w h i ch  bu f f e r  con t a in ing  0.9 M Na Cl  was  r ep l aced  wi th buf f e r  cont a in ing  
2.0 M NaCl  is ind i ca ted by  an a r row.  T h os e  f r ac t i ons  (number s  23-30,  each o f  7.5 ml) 
f o u n d  to b e  r i ch  in e n z y m e  a c t i v i t y  w e re  p o o l e d  a nd  r e t a i n e d  f o r  f u r t h e r  
c h r o m a t o g r a p h y  s t ep s .

Analysis  o f  the protein components  of  heparin-S epharose  eluate  by SDS- 

PA GE revealed that LPL was not a major  component  with the majority  of 

pro tein cons t i tuen t s  be ing  fo u n d  in the 14-20 KD a m o le c u la r  we ight  

range (Fig. 2.2).

Those  frac t ions  from the hepa r in -Sepha rose  co lum n iden t i f ied as being 

r ich in L P L  ac t iv i ty  were  l o a d e d  on to  a c o n c a n a v a l in  A - S e p h a ro s e  

column from which bound  LPL was eluted  as a broad peak of  activity 

within 10 co lum n vo lum es  after the addi t ion  of  0 .6 M methy l  a - D -  

m a n n o p y r a n o s id e  and  0.6 M methy l  a - D - g l u c o p y r a n o s i d e .  T h e  m ea n  

specif ic  activity  o f  the pooled eluate f ractions from the concanava l in  A- 

co lumn was 11,366 uni ts /mg (Table  2.4, mean o f  2 typical  purif icat ions).  

Analys is  o f  the protein cons t i tuen ts  o f  the p repara t ion  by S D S -P A G E  

revealed the presence of  equal  quant i t ies  of  2  major  com ponen t  proteins  

with molecular  weights of  61 KD a and 6 6  KDa (Fig. 2.2).

E x pe r im en t s  were also ca rr ied  out  to inves t iga te  the use of  phenyl-
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Figure 2.2 Polyacrylamide gel electrophoresis o f protein samples
obtained during the purification of chicken cardiac LPL by 
chromatography on sequential heparin-Sepharose and 
concanavalin A-Sepharose columns.
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Samples of chicken cardiac LPL were obtained from various stages in the purification 
procedure described in section 2.2.4. The samples were analysed by SDS-PAGE under 
reducing conditions on an 8-20% linear gradient polyacrylamide gel, as described in 
section 2.2.5, with amounts o f protein indicated per lane.
Lane 1 material eluted from the concanavalin A-Sepharose column (5 pg).
Lane 2 material eluted from a heparin-Sepharose column (15 pg)
Lane 3 extract o f chicken cardiac tissue acetone/diethyl-ether dried powder (25 pg).
Lane 4 Rainbow molecular weight markers (Amersham Pic.)



S e p h a r o s e  h y d r o p h o b i c  i n t e r a c t i o n  c h r o m a t o g r a p h y  as a p o s s ib l e  

a l ternat ive  to the c oncanava l in -A  aff inity  column.

In p r e l i m i n a r y  e x p e r i m e n t s ,  the m e t h o d  o f  Z e c h n e r  (1 9 9 0 )  u s ing  

deo x y c h o la te  to e lu te  the p h e n y l -S e p h a ro s e  was found  to give  a low

yield of  r ecovered  LPL. By contrast,  the m ethod  of  Cheng  et al. (1985),  

using octyl  B-D-glucopyranos ide  and SDS to elute  the bound  L PL  from

the pheny l -Sepha rose  colum n,  cons is ten t ly  gave a r ecovery  of  over  50%

of the enzym e  act ivi ty loaded onto the co lumn (eg: Table  2.4).  Mowever,  

the m a t e r i a l  e lu t e d  f rom  the p h e n y l - S e p h a r o s e  c o l u m n ,  u s in g  the

m ethod  o f  Cheng  et al. (1985) ,  con ta ined  several  con tam inan t s  o f  low

m olecu la r  weight  (10-14  KDa)  which were evident  on analysis  by SDS- 

P A G E  (Fig. 2.3).  The  m ean  specif ic  activi ty  of  the la t ter  prepara t ion  

(5,033 un i t s /mg,  mean o f  2 typical  purif icat ions)  was also cons iderab ly

lower than that  ob ta ined  using concanava l in  A-Sepharose  as the co lumn 

m a t r ix .

N e i th e r  pu r i f i c a t i o n  p r o c e d u r e  (ie: h e p a r i n - S e p h a r o s e  c h r o m a to g r a p h y  

f o l l o w e d  by s e q u e n t i a l  c h r o m a t o g r a p h y  on e i t h e r  c o n c a n a v a l i n  A- 

S e p h a r o s e  or  p h e n y l - S e p h a r o s e )  r e s u l t e d  in the p r o d u c t i o n  o f  an

hom ogenous  prepara t ion  of  ch icken cardiac LPL. Because  only a s ingle  

c o m m o n  pro tein with a m olecu la r  weight  of  61 K D a  (the approx im ate

molecular  weight  of  chicken LPL, Table  2.1) was ident if ied by SD S-PAG E 

in the LPL prepara t ions  p roduced  by the two procedures ,  a purif icat ion 

p rocedure  which inc luded  all 3 c h rom a tog ra phy  s teps sequen t ia l ly  (ie:

h e p a r i n - S e p h a r o s e ,  c o n c a n a v a l i n  A - S e p h a r o s e  and  p h e n y l - S e p h a r o s e )

was adopted.  LPL purif ied in this m anner  had a molecula r  weight  of  61

KDa and a mean  specif ic  activity  of  19680 uni ts /mg.  The enzym e  had 

not been  pu r if ied  to hom ogene i ty ,  be cause  of  the p resence  o f  m ino r  

protein com ponen t s  with apparen t  molecu la r  weights  of  35 K D a  and 28 

KDa, the former  being in the highest concentrat ion (Fig 2.4).

This purif icat ion p rocedure  is sum m ar ized  in Table  2.4 which gives the 

mean values  o f  2  typical  purif ications.

2.3.3 The pur if ica t ion  o f  L P L  f r o m  adipose tissue

Much of  the w ork  desc r ibed  in sect ion 2.3.2 for  the pu r if ic a t ion  of

chicken hear t  LPL was repeated using chicken abdominal  fat pads as the 

tissue source of  the enzyme.
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Figure 2.3 Polyacrylamide gel electrophoresis ofprotein samples
obtained from the purification of chicken cardiac LPL by 
chromatography on sequential heparin-Sepharose and 
phenyl-Sepharose columns.
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Samples o f chicken cardiac LPL were obtained from various stages in the purification 
procedure described in section 2.2.4. The samples were analysed by SDS-PAGE under 
reducing conditions on an 8-20% linear gradient polyacrylamide gel, as described in 
section 2.2.5, with amounts of protein indicated per lane.
Lane 1. Rainbow molecular weight markers (Amersham Pic.).
Lane 2. extract o f chicken cardiac tissue acetone/diethyl-ether dried powders (25 pg). 
Lane 3. material eluted from a heparin-Sepharose affinity column (10 pg).
Lane 4. material eluted from a phenyl-Sepharose column (10 pg).



Figure 2.4 Polyacrylamide gel electrophoresis of samples obtained 
during the purification of chicken cardiac LPL using 
sequential heparin-Sepharose, concanavalin A-Sepharose 
and phenyl-Sepharose chromatography steps.
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Samples o f cardiac tissue LPL were obtained from each stage in the purification 
procedure described in section 2.2.4. The samples were analysed by SDS-PAGE under 
reducing conditions on an 8-20% linear gradient polyacrylamide gel, as described in 
section 2.2.5, with amounts of protein indicated per lane.
Lane 1. soluble extract of cardiac tissue acetone/diethyl-ether dried powder (25 pg). 
Lane 2. material eluted from a heparin-Sepharose affinity column (10 pg).
Lane 3. material eluted from a concanavalin A-Sepharose affinity column (5pg)
Lane 4. LPL eluted from a phenyl-Sepharose column (5 pg).
Lane 5. Rainbow molecular weight markers (Amersham Pic.).



A d ip o s e  t is sue  was f o u n d  to p r o d u c e  a c e to n e  d i e t h y l - e th e r  p o w d e r s  

with speci f ic  ac t ivi t ies  twice those o f  ca rdiac t issue,  ie: 0.97 un i t s /mg 

and  0 .40  un i t s /m g  res p e c t iv e ly  (Tables  2 .4 and  2.5) .  As fo r  ch icken  

cardiac LPL ,  ch icken  ad ipose  t issue L PL  act ivi ty  was cons is ten t ly  e luted 

s l igh t ly  la ter  than the main p rote in  peak  from the he p a r in -S e p h a r o s e  

co lum n  fo l lowing  the addi t ion  o f  2 .0  M NaCl.  A r ep resen ta t ive  elut ion

prof i le  is show n  in Fig 2.5. The  mean specif ic  ac t iv i ty  o f  2 typical

p re p a r a t i o n s  at this  s tage  in the  pu r i f i c a t i o n  p r o c e d u r e  was  1,241 

un i t s /m g  (T ab le  2 .5)  w h ich  r e p re s e n t  a 1283- fo ld  p u r i f ic a t ion  when 

c o m p a red  to ad ipose  t issue acetone  diethy l-e ther  dr ied powder .

F igure  2.5 Chrom atography  of  the soluble  extract  chicken adipose tissue
ace tone  d ie thy l - e the r  dr ied  po w d e r  on a hepa r in -S epha rose  aff ini ty
c o l u m n .

Fraction number

T h e  m e a s u re d  ab so r b a n c e  at  2 8 0 n m  o f  t he  f r a c t i ons  e lu t ed  f r om  a 40 ml  hep a r in -  
S e p h a r o s e  a f f i n i t y  c o l u m n  to w h ic h  t he  so lu b l e  ex t r a c t  o f  c h i c k e n  a d ip o s e  t i ssue 
ac e t on e  d i e t h y l - e th e r  d r i ed  p o w d e r  had  be en  app l i ed ,  as d e s c r i b e d  in s ec t i on  2.2.4.  
Th e  po in t  at  wh ich  bu f f e r  con ta in ing  0.9 M NaCl  was  rep l aced  by buf f e r  con ta in ing  2.0 
M NaCl  is i nd i ca t ed  by an a r row .  T h o se  f r ac t i ons  (nu m ber s  21 -26 ,  e ach  o f  4 .5  ml)  
f o u n d  to be  r i ch  in e n z y m e  a c t i v i t y  w e re  p o o l e d  and  r e t a i n e d  for  f u r t h e r  
c h r o m a t o g r a p h y  s t ep s .

As for  the pur if ica t ion o f  LPL from cardiac t issue when the heparin- 

Sepharose  eluate  was ana lysed  by SD S-PAG E,  proteins o f  low molecu la r  

weight  14-20 K D a  were found  to be the major  c om ponen t s  (Fig 2.6). 

S u b s e q u e n t ,  c h r o m a t o g r a p h y  on a sequen t i a l  c o n c a n a v a l i n  A - c o lu m n  

p ro d u ce d  m ate r ia l  with a m ean  specif ic  ac t iv i ty  o f  17 ,582  un i t s /m g  

(mean  o f  2  typ ica l  p u r i f i c a t i o n s )  which  r e p r e s e n t e d  a 18 ,182 - fo ld  

pur if ica t ion for  the overa l l  scheme.  W hen  ana lysed  by S D S -P A G E ,  the
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Figure 2.6 Polyacrylamide gel electrophoresis of samples obtained 
during die purification of LPL from chicken adipose tissue.

66.0KDa

45.0KDa

36.0KDa

29.0KDa

24.0KDa

20.1KDa

14.2KDA»

Samples o f chicken adipose tissue LPL were obtained from each stage in the 
purification procedure described in section 2.2.4. The samples were analysed by SDS- 
Page under reducing conditions on a 12% polyacrylamide gel, as described in section
2.2.5, with amounts of protein indicated per lane.
Lane 1. Electran molecular weight markers (Sigma Chemical Co).
Lane 2. extract of chicken adipose tissue acetone/diethyl-ether dried powder (40 pg). 
Lane 3. material eluted from a heparin-Sepharose affinity column (15 pg).
Lane 4. material eluted from a concanavalin A-Sepharose affinity column (5 pg)



f ina l  p r ep a ra t i o n  was f o u n d  to c o m p r i se  a s ing le  m a jo r  co n s t i tu e n t  

p ro te in  wi th  a m o le c u la r  w e ig h t  o f  61 K D a  (F ig  2.6) .  T h e  f inal  

p repara t ion  cou ld  be c lass i f ied  as being  close to hom ogenous ,  with the 

p resence  o f  only a min or  protein impuri ty  with a molecu la r  weight  of  6 6  

K D a  (Fig 2.6) . The  pu rif ica t ion procedure  is sum m ar ized  in Tab le  2.5, 

which  gives  the mean values o f  2  typical purif ications.

2.4 DISCUSSION

All the prev ious ly  repor ted purif icat ions of  ch icken LPL (Table  2.1) have 

u sed  the high salt  c o n ta in in g  bu f fe r  d e s c r ib ed  by B en s a d o u n  et al.

(1974)  for  the so lubi l izat ion of  LPL from acetone diethyl-e ther  powders .  

Th i s  b u f f e r  was  f o u n d  to be c o n s id e r a b l y  m o re  e f f i c i e n t  in the 

so lub i l iz a t ion  of  ch icken LPL (Table  2.3) than the de te rgen t  con ta in ing  

buf fe r  d e s c r ib e d  by Park in  et al. (1982) ,  fo r  the so lub i l i z a t ion  and

purif ica t ion of  rat ca rdiac LPL and was therefore  used thereaf ter .

In the pu r i f ica t ion  o f  both hear t  and  ad ip ose  t i s sue  LPL ,  heparin -  

Sepha rose  ch ro m a to g ra p h y  was highly success ful  in r e m o v i n g  the high 

m o le c u la r  we igh t  com ponen ts  present  in the so luble  extracts  of  acetone 

d i e th y l - e th e r  powders  and the fo ld  pur if ica t ion  at this s tage was the 

grea test  in the overall  schemes.

T he  f inal  m ean  specif ic  ac t iv i ty  of  p repara t ions  pu r i f ied  by hepa rin -  

S e p h a r o s e  and  c o n c a n a v a l i n  A - S e p h a r o s e  was  17 ,582  u n i t s / m g  for  

ad ipose  t issue,  which is in c lose  ag reement  with the h ighes t  pub l ished  

value for  ch icken ad ipose  t issue LPL of  19,600 un i ts /mg (Gershenwald  

et al. (1985) , whereas  for  heart  t issue a lower value o f  11,366 uni ts /mg 

was ob ta ined .

In both hea r t  and  a d ip o s e  t i s sue ,  an i m p u r i ty  wi th  an a p p a re n t  

m o le c u la r  we igh t  of  6 6  KDa was  present  in mate r ia l  e lu ted from the

c oncanava l in -A  co lum n (Figs 2.2 and 2.6). It is possible  that this protein 

is an t i th rombin  III which also binds to both heparin (Danishefsky  et al., 

1978; Beng ts son  and  Olivec rona ,  1979b) and concanava l in -A  (Denton  et

al.,  1981) and in the chicken has a reported molecula r  weight  of  62 KDa

( A m ra n i  et al., 1985). This  possibi l i ty  is s t rengthened  by the fact  that

3 6



the p ro te in  was found  to be a m a jo r  cons t i tu en t  o f  L P L  prepara t ions  

from ca rd iac  t issue but  a min or  cons t i tu en t  o f  L PL  p repara t ions  from 

a d i p o s e  t i s s u e ,  the  f o r m e r  t i s s u e  b e in g  h i g h ly  v a s c u l a r i s e d  and  

c o n t a i n e d  l a rg e  q u a n t i t i e s  o f  c lo t t e d  b lo o d  on c o l l e c t i o n  f rom  a 

c o m m erc ia l  s laugh te r  house  line.  This  pro tein was,  however ,  effect ively 

s e p a r a t e d  f r o m  c h i c k e n  c a r d i a c  L P L  by h y d r o p h o b i c  i n t e r a c t io n  

c h r o m a to g r a p h y  on p heny l -Sepha rose .  In the pu r if ic a t ion  of  L PL  from 

p o s t - h e p a r i n  p l a s m a ,  C h e n g  et al. (1985)  s h o w e d  that  L P L  binds 

s t rong ly  to p h e n y l - S e p h a ro s e  w hereas  an t i th rom bin  III shows no such 

i n t e r a c t i o n .

The  f inal mean specif ic  activi ty  o f  ch icken  hear t  LPL fo l lowing  three 

se q u e n t i a l  c h r o m a t o g r a p h y  s teps  on h e p a r i n - S e p h a r o s e ,  c o n c a n a v a l i n  

A - S e p h a ro s e  and  p h e n y l -S e p h a ro s e  was 19,680 un i ts /m g  and  this was 

s im i la r  to that  o f  ad ip ose  t issue L PL  p repara t ions  fo l low ing  heparin -  

S e p h a ro s e  and  c o n c a n a v a l in - A  Sepha rose  co lum ns .  The  m in o r  pro tein  

const i tuents  o f  35 KDa and 28 K D a  molecula r  weight  present  in the final 

prepara t ion  (Fig 2.4) are  s imila r  in m olecu la r  mass  to im m unore a c t ive  

c o m pone n t s  iden t i f ied  in prev ious  s tudies  by im m unob lo t t ing  with anti- 

L PL  an t i bod ie s .  Kern  et al. (1988);  Socor ro  and  Jackso ,  (1985)  and 

F r i e d m a n  et al. (1986b) ,  all found  that  such minor  L PL  imm unoreac t ive  

c om ponen t s  increased  at the expense  of  the level  o f  mature  LPL protein 

presen t  in samples  on p ro longed  incubat ion  at 37°C. The  c o m p o n e n t s  

were therefo re  c lass i f ied  by these authors  as degrada t ive  or  proteolyt ic  

b reakdow n products  of  LPL rather  than phys io logica l  der ivat ives  of  the 

enzyme.  In the present  study, the p redom inan t  35 KD a protein was also 

d e m o n s t r a t e d  in ch icken  cardiac t issue hom ogena tes  (show n in sect ion 

6.3 .2 )  by i m m u n o b lo t t i n g  us ing  an a n t i - ch icken  ad ip o s e  t is sue  LPL 

polyclona l  ant ibody (the product ion of  which is descr ibed  in Chapte r  3). 

It seem s  p ro b ab le  there fo re  that  this  species  was de r ived  from the 

matu re  enzym e  by the act ion of  degrada t ive  processes  occurr ing  during 

the pu r if ic a t ion  p rocedure .

The  L PL  pur if ied  from ch icken  ad ip ose  and  hear t  t issue by the two 

procedures  had  ident ical  molecu la r  weights  of  61 K D a  and this value is 

in c lose  ag reem en t  with prev ious ly  repor ted values  for  ch icken ad ipose 

LPL (Table 2.1).
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The exi s tence  of  t issue specif ic  var iants  of  LPL has been sugges ted  by 

several  early  s tudies which found hear t  and ad ipose  t issue L PL  to have 

d i f fe ren t  phys ica l  or  k inet ic  proper t ie s .  For  e xa m p le ,  F ie ld ing  (1976)  

r e p o r t e d  that  ra t  m u sc l e  L P L  had  a h ig h e r  a ff in i ty  fo r  l ipopro te in  

subs t ra te s  and  a d i f fe ren t  Km va lue  than the LPL from rat  ad ipose  

t issue.  Flowever,  later s tudies  have found  no t issue specif ic  var ia t ions in 

the m o lecu la r  mass  or  im m uno log ica l  react ivi ty  of  LPL.  This  has been 

demons t ra ted  in the chicken (Guo, 1988), the rat (Soter iou,  1991) and in 

the g u i n e a  p ig  ( S e m b  and  O l i v e c r o n a ,  1986)  by the p u r i f i c a t i o n ,  

i m m u n o p ré c ip i t a t io n  or  the im m u n o b lo t t i n g  o f  LPL from a var i e ty  o f  

t issue sources  for  each species.

The  overal l  yield for  the two procedures  was on average 17% for heart  

p repa ra t ions  and  35% for  ad ipose  p repara t ions.  Elut ion  o f  the pheny l-  

S e p h a ro s e  co lum n  requ i red  the use o f  de te rgen t  c o n c en t ra t ions  which 

C heng  et al. (1985) showed to increase the rate of  loss of  LPL activity 

and possibly cause the loss of  the native configurat ion.

In c onc lu s ion ,  it was dec ided  to use ad ipose  t issue LPL p repa ra t ions  

pu r i f ied  by the m e t h o d  of  B e n s a d o u n  et al. (1974)  for  s u b s e q u e n t  

s tud ies ,  as the high overa l l  y i e ld  of  the p r o c e d u r e  a l l o w e d  large  

quant i t i es  of  L PL  to be pu r if ied  for  the imm uniza t ion  o f  an im als  and 

s c re e n in g  of  a n t ibod ie s ,  wh ile  m a in ta in in g  ca ta ly t i c  ac t iv i ty  and  the 

nat ive con fo rmat ion  of  LPL essent ia l  for  the product ion of  ant ibodies  for 

in v ivo  and whole organ studies.
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CHAPTER 3

THE PRODUCTION OF ANTI-CHICKEN LPL ANTIBODIES

3.1 INTRODUCTION

The abi li ty  to purify LPL to homogenei ty ,  has led to the product ion  of  

both po lyc lona l  and m onoc lona l  an t ibodies  aga ins t  the e n z y m e  from a 

num ber  o f  di ffe ren t  species .  Such an t i -LPL  antibodies  have,  for  example,  

been  u s e d  fo r  the  i m m u n o c y t o c h e m i c a l  l o c a l i z a t i o n  o f  L P L  (eg: 

B l a n c h e t t e - M a c k i e  et al., 1989; Camps  et al., 1990), to quan t i fy  LPL 

protein by im m unoassa y  (eg: Ikeda et al., 1990; Kern et al., 1988) and to 

block  funct ional  L PL  activity  both in vitro  (Schotz  et al., 1977) and in  

v ivo  (eg: K om piang  et al., 1976).

T w o  bas ic  p ro to co ls  have been  used  for  the de tec t ion  o f  a n t i -L P L  

ant ibodies .  E LISA  systems  have been used  successfu l ly  in, for example,  

the de tec t ion  of  hybr idom as  secret ing an t i -LPL an t ibodies  (Goldberg  e t  

a l . ,  1986; Socor ro  and Jackson,  1985; G ershenw ald  et al., 1985). In other  

con tex ts ,  the p roduct ion  o f  an t i -LPL ant ibodies  has also been a sse ssed  

by their  m e a s u r e d  abil i ty  to inh ib i t  LPL act ivi ty.  In this la t ter  case,  

K o m p i a n g  et al. (1976) and  Schotz  et al. (1977)  used enz ym e  inhibi t ion 

to assess  the level o f  an t i -LPL po lyc lona l  an t ibodies  present  in serum 

sam ples  fo l lowing  imm uniza t ion ,  whi le  Go ldbe rg  et al. (1986)  used the 

m e th o d  to sc reen  hyb r idom as  for  the secre t ion  o f  inh ib i to ry  an t i -LPL 

m o n o c lo n a l  ant ibodies .

Us ing  pur if ied  ch icken ad ipose  LPL as an im m unogen ,  Kom pa ing  et al. 

(1976)  ra ised  an inh ib i to ry  an t is e rum in rabbi ts ,  whereas  G ershenw a ld ,  

et al. (1985)  p r o d u c e d  severa l  m u r in e  a n t i - ch ic ken  L PL  m o n o c lo n a l  

an t i bod ie s ,  two o f  which  were  inh ib i to ry .  The  work  in this Chap te r  

desc r ibes  the p roduct ion  and c ha rac te r iza t ion  of  a sheep an t i -ch icken  

LPL p o ly c lo n a l  a n t i b o d y  and  m u r in e  m o n o c l o n a l  a n t ib o d ie s  r a i s e d

aga inst  the same imm unogen .  To screen the sera  of  im m u n iz e d  animals

and  h y b r id o m a  cell supe rna tant s ,  a non-com pe t i t ive  ELISA sys tem was 

d e v e l o p e d  an d  o p t i m i z e d  fo r  the  d e t e c t i o n  o f  a n t i - c h i c k e n  L PL  

a n t ibod ie s .  Fo r  the fu r the r  d e v e lo p m e n t  o f  the cu r ren t  pro jec t ,  the

iden t i f ica t ion  of  a m onoc lona l  an t ibody  capab le  of  bind ing  funct ional

LPL in the perfused heart  and in vivo  was a requi rement .  For this the
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an t ibody w ou ld  have to r ecogni se  LPL in its nat ive state and  bind to the 

e n z y m e  w hen  bound  to endo the l ia l  heparan  su lpha te  p r o te o g ly c a n s  at 

the g lycoca lyx .  A second  req u i r em e n t  was for  an an t ibody  which  was 

c a p a b l e  of  l o c a l i z i n g  L P L  in f ix e d  t i s sue  sec t ions .  Th i s  an t ib o d y  

(p o l y c l o n a l  o r  m o n o c l o n a l )  w o u l d  n e e d  to r e c o g n i s e  d e n a tu r a t i o n -  

res i s tan t  ep i tope(s )  on the enzyme.

T h e  w o r k  d e s c r i b e d  in this C h a p te r  de ta i ls  the p r o d u c t io n  of  a n t i ­

ch icken  L PL  m onoc lona l  and po lyc lona l  an t ibodies  and  the subsequen t  

inves t iga t ion  o f  po ten t ia l ly  useful  an t ibody  charac te r is t ic s .

3.2 METHODS

3.2.1 P roduc tion  o f  an ti-LP L  p o lyc lo n a l  serum  in sheep

An a n t i s e rum  was ra i s ed  in a f em a le  G re y fa c e  sheep  (Blue H e a de d  

Le ices te r  sire, c ro s sed  with a Scot t ish Blackface  dam) by the use o f  

mul t ip le -s i t e  subcu taneous  inject ions  at the f lexure  o f  the uppe r  thigh 

and lower  abdomen.  The  im m unogen  for  this was 100-150 p.g o f  chicken 

a d i p o s e  L P L  p u r i f i e d  by h e p a r i n - S e p h a r o s e  and  c o n c a n a v a l i n  A- 

S e p h a ro s e  c h r o m a t o g r a p h y  ( sec t ion  2.3 .3 )  a d m in i s t e r e d  at 3/4 week 

intervals .  For  the initial  immuniza t ion ,  LPL was emuls if ied  in comple te  

Freund's  adjuvant  (CFA) by sonicat ion at 4°C for 30 seconds. Incomplete  

Freund 's  ad juvan t  ( IFA) was used  for  the 6  subsequen t  im m uniza t ions  

and tes t -bleeds were taken 7-14  days after  each  of  these inject ions.  The  

blood was col lected from the external jugula r  vein on to ED TA to give a 

f ina l  c o n c e n t r a t i o n  o f  4 m M  an d  the p l a s m a  was  o b t a i n e d  by 

cen tr i fugat ion  at 1000 g av for 10 min at 4°C. The  p lasm a  was recovered  

by asp ir a t ion  and  C a C l 2  added to give a final concen tra t ion  of  5 mM 

C a C l 2 - The  m ix tu re  was a l lowed  to c lot ove rn igh t  at 4°C and  then 

h o m o g e n i z e d  u s ing  a Po ly t ron  h o m o g e n i s e r .  A f te r  c e n t r i f u g a t io n  at 

10 ,000  g av for 15 min at 4°C to r e m o v e  the in so lub le  debri s ,  the 

recalcif ied p lasma was s tored in aliquots at -70°C.

3.2.2 Im m u n iza tio n  o f  m ice  f o r  the p roduc tion  o f  specif ic  im m une spleen  

d o n o r s

Chicken  ad ipose  LPL pur if ied  by h e pa r in -S epha rose  and  concanava l in  

A - S e pha rose  c h rom a tog ra phy  (section 2.3.3)  was emuls if ied  in CFA by 

son ica t ion  and  in jec ted intraperi tonea l ly  (i.p.) and  subcu taneous ly  (s.c.),  

at the f lexure of  the dorsal  thigh and abdomen of  6  female Balb/c  mice.
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T h e  m ic e  were  each  given a subsequen t  im m u n iz a t ions ,  i.p. and  s.c., 

us ing IFA, 28 days after  the pr imary  injection. Both im m uniz a t i ons  were 

of  30 p g  o f  LPL in 0.2 ml o f  adjuvant  and were divided equa l ly  between 

the two  sites o f  imm uniza t ion  in each mouse.  A week  after  the second 

injection,  test bleeds were taken from the tail vein.  Those  mice  with test 

b leeds  showing  a high titre of  an t i -ch icken  LPL an t ibodies  (assessed by 

ELISA )  were given a final i.p. injection of  30 p g  of  LPL in IFA. Three  

days la ter  the mice  were ki l led and  the spleens r em o v e d  as a source of  

i m m u n e - s p l e n o c y t e s  for  fusion .

3.2.3 P ro d u c tio n  o f  hybr idom as

The i m m u n iz e d  mice  were  ki l led by e ther  anaes thes ia  with the spleen 

be ing  r e m o v e d  u nde r  s te r i l e  c o n d i t io n s  and  p l a c e d  into s e ru m - f r e e  

D u lbecco 's  m od i f ied  Eagle 's  m edium  (DM EM ).  A s ingle  cell suspension 

was p repa red  by gent le  d i srup t ion  of  the spleen in se rum-f ree  m edium  

us ing  a s ter ile loose-f i t t ing Teflon/glass  hand-he ld  homogen izer .  The  cell 

s u spens ion  was then c e n t r i fuge d  at 800 g av and the resu l tan t  pel le t  

r e s u s p e n d e d  in 1 0  ml  o f  s e ru m - f r e e  m e d iu m  wi th  the n u m b e r  of  

sp lenocy tes  ob ta ined  de te rm ine d  us ing  a haem ocy tom e te r .  The  yield of  

cel l s  f rom a s ing le  i m m u n e  spleen  was  typ ica l ly  be tw een  5 x l 0 7  to 

2 0 x 1 0 7  cells.  Spleen cells were fused using the m ethod  of  Gal fre  and 

Mil s te in  (1981)  with the m ouse  p l a s m a c y t o m a  cell  l ine N S - 0  as the 

fusion partner .  For this, spleen cells and p lasm acy tom a  cells were mixed 

at a rat io of  1 : 1  and fused by incuba t ing in 1 ml  of  polye thylene  glycol  

1500 (BDH Ltd, Poole, UK.) for 90 seconds at 37°C. The fusion was halted 

by the gradual  addi tion of 20 ml of  DM E M ,  p rewarm ed  to 37°C. The cell 

su spen s io n  was  then c e n t r i f u g e d  for  1 0  min  at 2 0 0  g av with the 

superna tan t  being  d i sca rded  and the pel le t  being resuspended  in 160 ml 

o f  c om ple te  D M E M  conta in ing  25% (v/v) rat m ixed  thymocy te  cul ture-  

c o n d i t i o n e d  m e d i u m  ( M T M ) ,  1 0 ' ^  M h y p o x a n t h i n e ,  4 x 1 0 ' ^  M 

a m i n o p te r in  and  1 . 6 x l 0 ' 5  M thym id in e  (s tock H A T  soln f rom Sigma 

Chemica ls ) .  The  suspension of  fused  cells was then di s t r ibu ted  into ten 

96 wel l  t issue  cul ture  plates  (200 pL 1/well) with the m e d iu m  be ing  

rep laced  af ter  7 days and  every  3 days thereaf ter .  Init ial  sc reen ing  of  

the h y b r id o m a  cell  m edia ,  for  the p roduc t ion  o f  a n t i -L P L  IgG,  was 

carr ied out  by ELISA 10 days after fusion.

The  M T M  was p roduced  using the m ethod  of  M ick lem  et al. (1987) .  

Brief ly ,  the thymus  was r em oved  from a 6  week old f emale  Sprague-
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D a w l e y  r a t  u n d e r  s t e r i l e  c o n d i t i o n s  a n d  g e n t l y  d i s r u p t e d  by 

h o m o g e n iz a t io n  u s ing  a s ter ile  Te f lon /g la ss  ha n d -h e ld  h o m o g e n i z e r  in 

se rum -f ree  D M E M .  The  cells were  washed  three t imes in D M E M  and 

c u l tu red  in c o m p le te  D M E M  (5x10^  cel ls/ml) for  48 hours.  The  cell 

m ed ium  ob ta ined  af te r  cen tr i fuga t ion  at 800 g av was f i l tered through 

a 0.2 pm  m em brane  (Corning Laboratory  Science Co, N ew York,  USA),  to 

ensure s teril ity and  s tored at -70°C in aliquots.

Table  3.1 Composi t ion  o f  comple te  D ub le c co ’s modif ied E a g le ’s 
medium  (DMEM).

Serum-f ree  D M E M
Foetal  Ca l f  serum 10% or 20% (v/v)
G l u t a m i n e  2 nM
P e n ic i l l i n  200  un i ts /ml
S t r e p t o m y c i n  200 p g / m l

T h e  c o m p o s i t i o n  o f  the m e d i u m  used  fo r  the m a i n t e na nc e  o f  m y e l o m a / h y b r i d o m a  and 
t h y m o c y t e  f e e de r  cel l s  in cul t ur e .  T h e  foet al  c a l f  s e rum was  p r e - te s t ed  for  its abi l i t y 
to supp o r t  c l onal  m y e l o m a  cell  g rowth .  Al l  t i ssue  cul t ur e  me d i a  and sup p l em en t s  we re  
obt a ined  f rom S igm a  Chemica l  Co.

3.2.4 ELISA f o r  the detec tion  o f  specific  an ti-LP L  antibod ies  

C h icken  ad ipose  LPL pu r i f ied  by h e pa r in -S epha rose  and  c o nc ana va l in  

A - S e p h a ro s e  c h ro m a to g ra p h y  (sect ion 2.3.3)  was abso rbed  (50 ng/wel l )  

on to 96 wel l  p o ly s ty ren e  m ic ro t i t r e  p lates  ( Im m o b i lo n  II, D yna tech  

L abora to r i es  Ltd,  B i l l ingshurs t ,  Sussex)  in 0.1 M ca rbona te /b ica rbona te  

buffer,  pH 9.6, 100 pi  per well for 16 hours at 4°C. Between each stage of  

the E L IS A  (to r e m o v e  unbo u n d  LPL or an t ibod ie s ) ,  the wel ls  were 

washed 3 t imes with 200 pl /wel l  o f  PBS (compos i t ion  given in Appendix  

4) con ta in ing 0.05% (v/v) Tw een-20  (PBS-T).  After  washing  with PBS-T,  

any residual binding sites were blocked  by the addi tion of  200 pi  of  3%

(w/v)  BSA in PBS for 2 hours at 20DC. Fo l lowing  this procedure  and a

wash  s tage, pr imary  ant ibody,  in the form of  e i ther di luted sera  or cell

superna tant ,  was added  to the plates  ( 1 0 0  p l /w el l )  and incuba ted  for 2

hours at 20°C. After  washing  with PBS-T,  the presence  o f  bound pr imary  

a n t ibod ie s  was de tec ted  by incuba t ion  with an ap p ro p r ia t e ly  d i lu ted  

s e c o n d a r y  s p e c i e s - s p e c i f i c  an t i - IgG  h o r se r a d i s h  p e r o x i d a s e - c o n j u g a t e d  

ant ibody (S igma Chemica l  Co.) for  1 hour  at 20°C. For  the di lut ion of  

ant ibodies ,  PBS-T  con taining 0.1% (w/v) BSA was used.  The  presence  of  

b o u n d  e n z y m e  c o n ju g a t e  was de te c te d  a f te r  a wash  s tage  by the 

addi t ion of  1 0 0  p i  per  wel l o f  the horse rad ish  p e rox ida se  subs tra te ,



0.04% (w/v) o  -  phe ny le ne d ia m ine  d ihydroch lor ide  (S ig m a Chemica l  Co.)  

and 0 .012%  (v/v) H 2 O 2  in phosphate-ci t ra te  buffer,  pH 5.0 (25.7 ml 0.2 

M d ibas ic  sod iu m  phospha te ,  24.3 ml 0.1 M cit r ic  ac id  and 50 ml 

de ion iz ed  H 2 O) The co lour  was al lowed to develop in a l inear  fashion for 

15 m in  in the d a rk  and  the  e n z y m e  r ea c t io n  was s to p p e d  by the 

addi t ion o f  50 p i  o f  2.5 M sulphuric  acid to each well.  The  absorpt ion  

was de te rm ine d  at 492 nm using an au tomatic  spec t ropho tom et r ic  plate 

r e a d e r  ( T i t e r t e c k  T w i n r e a d e r  P l u s ,  F l o w  L a b o r a t o r i e s  L td ,  

R i c k m a n s w o r t h ,  H e r t s ) .  T h e  t i t re  o f  s p e c i f i c  p o l y c l o n a l  a n t i - L P L  

ant ibod ie s  was  de f ined  as the di lut ion giving ha lf  m ax im a l  b in d in g  to 

the antigen,  under  the condi t ions of  the assay.

3.2.5 C ross-reac tiv ity  with  rat LPL

The cross -reac t iv i ty  of  the ant i -chicken LPL antibodies  with rat LPL was 

d e t e r m i n e d  us ing  a m o d i f i c a t i o n  of  the E L ISA  sys tem d e s c r ib ed  in 

sect ion 3.2.4. Th is  r equ i red  the p roduct ion of  par t ia l ly  purif ied rat  LPL 

which  was accom pl i shed  us ing  the m ethod  of  Parkin et al. (1982).  The  

s o lub i l i z a t i o n ,  p u r i f ica t ion  on h e p a r in -S e p h a r o s e  and  c o n c en t ra t io n  of  

L PL  in an u l t r a f i l t ra t ion  cell  have been d esc r ibed  in de tai l  fo r  the 

purif ication of  chicken LPL in sect ion 2.2.4. Brief ly,  LPL was solubi lized 

from rat ad ip ose  acetone  d ie thy l- e th e r  powders  (p roduced  as desc r ibed  

in sect ion 2.2.1)  using 5 m M  sodium barbi tone buffer,  pH 7.5, containing 

0.1% Tr i ton X-100  and was batch absorbed on to heparin -S epharose,  as 

desc r ibed  in sect ion 2.2.4.  The  mat r ix  was then packed  into a co lumn 

unde r  grav i ty  and  the co lum n was then washed  with ba rb i tone  buffer  

c o n ta i n in g  0.7 M NaC l  unt il  the a b s o rb a n c e  m e a s u r e d  at 280  nm 

a p p r o a c h e d  zero.  T h e  L PL  ac t iv i ty  was  e lu ted  f rom  the hepa r in -  

Sepharose  co lumn by 2.0 M NaCl and  concentra ted under  ni t rogen in an 

ul trafi l t ra t ion cell  using a PM 30 m em brane  and s tored at -70°C.

T h e  p a r t i a l ly  p u r i f i e d  ra t  L P L  (10 p g / m l )  was  a b s o r b e d  on to 

p o l y s t y r e n e  m ic r o t i t r e  p la t e s  ( Im o b i l l o n  II, D y n a t e c h )  in 0.1 M 

c a rbona te /b ica rbona te  buffer ,  pH 9.6, (100 pl /wel l )  for 16 hours at 4°C.  

The ELISA was then con t inued as descr ibed in section 3.2.4

3.2.6 /  m m uno  re ac tiv i ty  o f  a n t i-ch icken  LP L  an tib o d ies  tow ards  ace tone  

f i x e d  cryosta t sections  o f  chicken and  rat cardiac tissue

Small  cubes o f  cardiac t issue (chicken or rat) were frozen in isopentane 

cooled  with liquid ni trogen and s tored at -70°C. Tissue sect ions of  10 pm
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th ickness  were then cut using a cryostat  (Bright  Ltd,  UK.)  at -26°C. The

sect ions were  m o u n te d  on to s lides precoatecl  with 0.1% po ly-L - lys ine

(Sigma Chemica l  Co.)  and f ixed by immersion  for 5 min in acetone at 

-20°C .  The  m o un te d  sect ions were then incuba ted  for  15 min with 20% 

(v/v) no rmal  serum di luted in PBS.  In all cases,  normal  serum from the 

species  which  was  the dono r  of  the second  an t ibody  p repa ra t ion  was

used to b lock  the non-spec i f i c  IgG binding .  The  sec t ions  were  then 

i n c u b a te d  wi th  p r im a ry  an t ibody  ie: sheep  a n t i - ch ic ken  L PL  IgG (4 

p g /m l )  or  Cal-11 monoclona l  IgG (1 pg /m l ) ,  di lu ted  in PBS con ta in in g  

10% (v/v)  no rm a l  se rum or  h y b r id o m a  cell  m ed ium  respec t ive ly .  For  

de tec t ion  by im m u n o f lu o re s c e n c e ,  the sect ions  were then w a s h e d  with 

three changes of  PBS and incubated for 1 hour  at 20°C with ei ther  an t i ­

sheep-  or ant i -mouse-  IgG-FITC ant ibody conjuga te  (Sigma Chemica l  Co.) 

d i lu ted  1/100 (v/v)  in PBS con ta in ing  10% (v/v) normal  serum. The

s e c o n d a r y  a n t i - m o u s e  I g G - F I T C  c o n ju g a t e  p r e p a r a t i o n  u se d  fo r  the 

de tec t ion of  m ouse  IgG binding  in rat  t issues  was p re -absorbed  against  

rat IgG by the manufactures  (Sigma Chemica l  Co) to reduce non-specif ic  

interact ions.  The  sections were then washed  with PBS ( three incubat ions 

each of  10 minutes)  and m oun ted  in 90% (v/v) glycerol and  2.5% (w/v)

1,4 d i a z a b ic y c lo - [ 2 .2 .2 ]o c t a n e  in PBS fo r  v iew in g .  I m m u n o f lu o r e s c e n t  

s ta in ing  was v i sua l i s ed  us ing  a f luo rescen t  pho to m ic ro s c o p e  (O lym pus  

BH2, Olym pus  Optical  Co.,  Tokyo,  Japan)  and photographed  using Kodak 

Ek tachrome P800/1600  film (Eastman Kodak ,  Roches te r  NY).

3.2.7 In h ib i t io n  o f  enzym e ac tiv ity

T he  inh ib i to ry  e ffec t  o f  the sheep an t i -ch icken  L PL  po lyc lona l  serum 

was d e t e r m i n e d  by a d d in g  in c r e a s in g  a m o u n t s  o f  e n z y m e ,  pa r t i a l ly  

p u r i f i e d  by h e p a r i n - S e p h a r o s e  a f f in i ty  c h r o m a t o g r a p h y ,  to a f ix ed  

amount  of  ant ibody in a total assay vo lume  of  250 pi.  LPL activity was 

m e a s u r e d  i m m e d i a t e l y  f o l l o w i n g  the a d d i t i o n  o f  e n z y m e  to the 

an t ibody,  as descr ibed in sect ion 2.2.2. A final di lut ion of  1/100 of  the 

sheep ant i -ch icken  LPL serum in the assay vo lume  was used (ie: 2.5 pi  

of  se rum  was a dde d  to the assay  m ix tu re ) .  LPL ac t iv i ty  was also 

de te rm ined  in cont ro l  tubes con ta in in g  a 1 / 1 0 0  d i lut ion  o f  non - im m une  

sheep  serum.
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3.2.8 D ete rm in a t io n  o f  a n t ibod ies  specif ic  f o r  ca rbohydra te  ep itopes  

To  d e te rm in e  w h e th e r  any o f  the m onoc lona l  ant ibod ie s  were specif ic  

for  any pu ta t ive  c a rbohydra te  ep i topes on the enzyme,  LPL was bound 

to the wel ls  o f  E L I S A  plates  as desc r ibed  in sect ion 3.2.4 and  then 

t rea ted  with per iodic  acid,  by the m e th o d  of  W o o d w a r d  et al. (1985) ,  

before  the addi t ion  of  p r im ary  antibodies .  The  res idual  b ind ing  sites on 

the plate  were  blocked  as descr ibed  in sect ion 3.2.4 and the absorbed  

LPL was incubated in 50 m M  sodium acetate  buffer , pPI 4.5, for  30 min 

at 20°C. Ha lf  of  the sample wells were then subjected to 20 m M  periodic  

acid in acetate  buffer,  pH 4.5,  for  1 hour  at 20°C, while  the othe r  half  

were left  in acetate  buffer  alone. At  the end  of  the t rea tment ,  all the 

s a m p le s  were  i n c u b a te d  fo r  30 min at 20°C wi th  50 m M  sod iu m  

b o ro h y d r id e  in PBS to s top the reac t ion .  Af ter  wash ing ,  the p r im ary

an t ibody  at vary ing  di lu t ions  was added  in dupl icate  to the t reated and

un t rea ted  wel ls.  The  E LISA  was then com ple te d  as descr ibed  in sect ion

3.2.4.

3.3 RESULTS

3.3.1 P ro d u c tio n  o f  a sheep  an ti-ch icken  L P L  an tiserum  and  a ssessm en t  

o f  titre by ELISA

The ELISA system descr ibed  in sect ion 3.2.4 was op t im ised  init ial ly by 

t i t ra t ing the concen t ra t ions  of  abso rbed  LPL and  se conda ry  ant i - sheep 

IgG p e r o x i d a s e  c o n j u g a t e d  a n t ib o d y .  T h e  c o m b i n a t i o n  o f  r e a g e n t  

d i l u t i o n s  c h o s e n  was  tha t  g i v in g  the m a x i m a l  s p e c i f i c  b i n d in g

m easu rem en ts  (data  not shown). Using this system, the presence of  an t i ­

ch ic k e n  L PL  an t ibod ie s  cou ld  be r ead i ly  d e te c te d  in se rum  samples

fol lowing  the initial  immuniza t ions  of  the animal,  as descr ibed  in section 

3.2.1. As shown in Fig. 3.1, the polyclonal  titre o f  specif ic  anti -chicken 

L PL  a n t ibod ie s  in c re as e d  p rogres s ive ly  with success ive  im m u n iz a t io n s  

( 6  in all). The  titre assessed at half  maximal  binding rose from 1/27,000 

after  the init ial  immuniza t ion  reach ing  a peak of  1/81,000 fo l lowing  the 

sixth im m un iz a t ion .  La rge  samples  of  blood were taken af ter  the fifth 

and  s ixth i m m u n i z a t i o n s  p r o d u c i n g  300  and  150 ml of  r e c a lc i f i e d  

p l a s m a ,  r e spe c t ive ly .
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Figure 3.1 A s s e s s m e n t  of  the level s  of  a n t i - ch ic ken  L P L  an t i bod ie s  
p re s e n t  in the s e rum  o f  a sheep  f o l low ing  s uc ce s s ive  im m u n iz a t io n s  
with purif ied  ch icken  LPL.

2 . 0  -i

B 1 . 5 -

1.0  ■

<  0.5 ■

0 .0 - I
1 / 1 0 0 0

~r "T m TT
1 / 3 0 0 0  1 / 9 0 0 0  1 / 2 7 0 0 0  1 / 8 1  0 0 0

D i lu t io n  o f  a n t i s c ru m

T e s t  b l eeds  we r e  t ak en  f rom the sheep  fo l l ow in g  each  succe s s ive  im m u n i za t i on  wi th  
pu r i f i e d  c h i c ke n  L PL ,  as d e sc r i b ed  in s ec t i on  3 .2 .1 .  T h e  t i t re  o f  a n t i - ch i ck en  LP L  
an t i bo d i e s  was  d e t e r m in e d  in the s e ru m us ing  the E L I S A  sys t em d esc r i bed  in sec t ion
3 .2 .4.  T h e  a b s o r ba nc e s  sh o w n  des c r i be  t he  l eve ls  o f  spec i f i c  an t i b o d y  b in d i ng  f rom 
wh i ch  the ab so rb an ce s  o f  con tro l  wel ls  i n cub a t ed  w i th  n o n - i m m u n e  sheep  s e r um have  
be en  de d u c t e d .

The  t it re  assessed  by ELISA c losely correla tes  with the abil i ty  o f  test 

bleeds to inhibi t  LPL activity,  with blood samples  5 and 6  in par t icular  

s h o w i n g  sub s ta n t i a l  i n h ib i to r y  ac t iv i ty ,  as a s se s s e d  by the m e th o d  

descr ibed in sect ion 3.2.7. Reca lcif ied sheep plasma from bleeds 5 and 6 , 

at a 1/100 final dilut ion,  was found to inhibi t LPL activity by a maximal  

92.8% and 96.8% respect ively,  Fig 3.2.

First test bleed 

Second test  bleed 

Third test  bleed 

Fourth test  bleed 

Fifth test  bleed 

Sixth test  bleed
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Figure 3.2 The  inhibi t ion of  LPL activity by sheep ant i -chicken 
LPL serum.

V o lu m e  o f  L P L  p re p a ra t io n  a d d e d  (ul)

I m m u n e  sh eep  s e r um ,  fo l l ow ing  the 5 th and 6 th succe s s ive  i m m u n i z a t i o n s  o f  ch i ck en  
L P L ,  wa s  o b t a i n e d  as d e sc r i b e d  in s ec t i on  3 .2 .1 .  S h ee p  s e ru m ,  i m m u n e  and non -
im m u n e ,  was  a d d ed  to the  L P L  a s say  mix tu r e  to g ive  a f i na l  d i l ut i on  o f  1/100 and
in cuba t ed  wi th  i nc r ea s ing  a m o un t s  o f  par t i a l l y  pur i f i ed  ch i ck e n  L PL ,  as de s c r i be d  in 
s ec t i o n  3 .2 .7 .

3.3.2 Im m u n iz a t io n  o f  m ice  f o r  the p r o d u c t io n  o f  p o te n t ia l  im m u n e  

sp leen  d onors

The ELISA system descr ibed  in sect ion 3.2.4 was ini t ial ly op t im ised  by 

t i t r a t i n g  the  a m o u n t  o f  a b s o r b e d  L P L  and  the c o n c e n t r a t i o n  of  

s e c o n d a r y  a n t i - m o u s e  IgG p e r o x i d a s e  c o n j u g a t e d  a n t i b o d y .  T h e  

co m b in a t io n  of  reagen t  di lu t ions  chosen  was that  g iv ing  the max imal  

s p e c i f i c  b i n d i n g  m e a s u r e m e n t s  (da ta  no t  s h o w n ) .  F o l l o w i n g  the 

im m un iz a t ion  schedu le  descr ibed  in sect ion 3.2.2,  the serum o f  all six 

i m m u n iz e d  mice  was found  to contain an t i -ch icken  LPL IgG after  the

seconda ry  imm uniza t ions .  As shown in Fig 3.3, mice  1,2,3 and  5 had 

ha l f -m ax im a l  bind ing  titres of  1/81,000, while  mice 4 and 6  had titres 

in exces s  o f  1/81 ,000 .  From these t it res,  the im m u n iz a t io n  schedu le  

descr ibed  in sect ion 3.2.2 was judged  successful  in p roducing  poten t ia l ly  

su i t ab le  dono rs  o f  im m u n e  sp lenocy tes  for  fu sion  in v i tro  and the

product ion o f  m onoc lona l  antibodies.
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Figure 3.3 A s s e s s m e n t  o f  the t i t re  of  a n t i - c h i c k e n  L P L  an t ib o d ie s  
present  in the sera o f  mice im m unized  with purif ied chicken LPL.

2.0

6  1 -5  ~c
o-t

C-> 1 .0 “ocC3
_ o

o

<  0 . 5 “

0.0

T es t  b l eeds  we re  taken  f ro m mic e  im mu n i zed  wi th pu r i f ied  ch i cken  LPL ,  as de sc r i bed  
in s ec t i on  3 .2.2.  T h e  t i t re o f  an t i - ch i cken  L P L  an t ibodi es  was  de t e rm in ed  in the sera  
u s ing  the E L I S A  sys t em  des c r i be d  in s ec t ion  3.2 .4.  T h e  ab so r ba nc e s  sh ow n  desc r i be  
the leve l s  o f  spec i f i c  an t i b ody  b ind i ng  f ro m wh ich  the ab so rb an ces  o f  con t ro l  wel l s  
incuba t ed  wi th  n o n - i m m u n c  mice  s e rum have  been sub t r ac ted .

3.3.3 P roduction  o f  hybr idom a  cell lines

T w o  se pa ra te  s p l e n o c y t e / m y e l o m a  cel l  fus ions  were  c a r r i e d  out ,  as 

d esc r ibed  in sect ion 3.2.3,  us ing sp lenocytes  f rom mice  2 and  4. The  

initial  sc reening of  the first  fusion (mouse 2 ) after  the hybr idom as  had 

been cul tu red  for 10 days,  (using the ELISA system descr ibed  in section 

3.2 .4)  iden t i f i ed  10 wel ls  c o n ta in ing  an t i -L PL  an t ibod ie s  in the cell

s u p e rn a t an t  (out  o f  816 wel ls  plated down with cells) .  A well  was

c o n s i d e r e d  to c o n ta i n  a h y b r id o m a  c a p a b le  o f  s e c r e t i n g  a n t i - L P L  

an t ibod ies  if the cell  m edium  produced an absorbance  of  five t imes the 

mean background  level in the ELISA.

The  init ial  sc reening  o f  the second fusion (mouse  4) after  10 days of 

cul ture  resu l ted  in the iden t i f ica t ion  of  11 posi t ive wel ls  out  of  640 

we l ls  p la t ed  d ow n  with cel l s ,  T a b le  3.2.  T h e s e  w e l ls ,  c o n ta i n in g  

hyb r idom as  secre t ing an t i -LPL  an t ibod ies ,  were e x p a n d e d  into 24  well 

plates  and re- t es ted for  the p resence  of  specif ic  an t ibod ies .  Seven of  

these  cell  l ines  r e m a in e d  pos i t ive,  T a b le  3.2,  and  were c on t inua l ly  

expa nded  to produce  cell  supernatant  ( > 1 0 0  ml)  for  characte r izat ion  and

cells (3 vials of  15 x 106  cells) to f reeze and store in l iquid nitrogen.

■ -----

-------□ ----- Test  bleed from m ouse  1 A ]

-----•---- Test  bleed from m ouse  2  l i N .  n s .
-------D ---- Test bleed Irom m ouse  3
------- O----- Test  bleed from m ouse  4

------- ■----- Test bleed from m ouse  5 '

------- □ ----- Test bleed from m ouse  6

 i--------■--------1--------1--------1--------'--------1--------'--------1------
1 / 1 0 0 0  1 / 3 0 0 0  1 / 9 0 0 0  1 / 2 7 0 0 0  1 / 8 1  0 0 0

D i lu i io n  o f  a n i i s c ra
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Table  3.2 Sum m a ry  of  hybr idom a cells p roduced  by second  fusion.

W e l l I n i t i a l

S c r e e n

E x p an d ed  H y b r i d o m a  Cel l s

Sou rce of Ch icken  LPL Chicke n  L PL Rat  LPL
LP L  abso rbed 20 n e /w e l l 50 ni t /wcl l 1 u a / w c l l

1 E7 0 . 7 1.2 0 .0
1G9 0 . 7 1.6 0 .0
2 A 8 0.8 1 .5 0.0
3 H 3 0 . 7 0.1 0.0
3 A 8 0 . 7 0.0 0 .0
4 F 6 0.6 1 .2 0 .0
5 F 2 0.8 1 . 3 0.0
5 G 3 0.8 1 .5 0.0
5G 4 0.6 0 .2 0 .0
6 A 1 0.8 1 . 3 0.0
6 B 3 0 . 7 0.1 0 .0

No o f  -t-vc 
w e l l s

1 1 / 6 4 0 7 / 6 4 0 0 / 6 4 0

C a l - 1 1 ----- 1.22 0 .0
Sheep ----- 1 . 58 0.1
p o l y c l o n a l

F igu res  r ep r e sen t  the O D 492 o f  wel ls  in the E L I SA  sys tem descr i bed  in sec t ion 3.2.4 &

3.2.5.  T h e  ini t ial  s c r een  o f  the fu s ion  plaLes was  carr ied out  10 days af t er  the fus ion  
o f  i m m u n e - s p l e n o c y t e s  f r o m m o u s e  4 and  the va lu e s  sh o w n  de sc r i b e  t he  leve l  o f  
s p e c i f i c  a n t i b o d y  b in d i n g  a f t e r  t he  su b t r a c t i o n  o f  t he  m e a n  b a c k g r o u n d  l eve l  o f  
a b s o r b a n c e .  A t  t hi s  s t a ge  11 o u t  o f  t he  640  we l l s  p l a t ed  d o w n  w i th  ce l l s  we re  
cons i de r e d  to be pos i t i ve  ie: po s s e s s ed  O D 492 readings  o f  at least  5 x backg round .  The  
s e co nd  s c r e en  was  ca r r i ed  ou t  a f t e r  t he  h y b r i d o m a s ,  f r om we l l s  d e t e r m i n e d  to be 
pos i t i ve  in the ini t ial  s c r een ing ,  had been  expanded  into 24 wel l  p l a t e s  and the values  
r e p r e s e n t  t he  m e a n  o f  d u p l i c a t e  we l l s  a f t e r  t he  a b s o r b a n c e  o f  m y e l o m a  cu l t u r e  
c o n d i t i o n e d  m e d i u m  has  been  su b t r a c t e d .  Ca l -11  a nd  t he  s he e p  a n t i - c h i c k e n  L P L  
p o l y c l o n a l  a n t i b o d y  w e r e  bo th  u sed  a t  1 /3000  d i l u t i on  w i th  n o n - i m m u n e  m o u s e  or  
sheep  JgG being  used as the control .

3.3.4 A n t ib o d y  c h a ra c te r iz a t io n

T h e  a n t i - c h i c k e n  LPL an t ibod ie s  d e sc r ibed  in this C h a p t e r  and  the 

m onoclona l  an t ibody,  Cal-11 (a kind gift of  Professor  A. Bensadoun  of  

Corne l l  Unive rs i ty ,  New  York) ,  were cha rac te r ized  for  their  abil i ty  to 

i m m u n o lo c a l i z e  LPL in acetone  f ixed c ryos ta t  sect ions  and  c ross reac t  

with rat LPL.

The  abi li ty  of  the an t ibod ies  to im m uno loca l i ze  L PL  in acetone  f ixed 

c ryos ta t  sect ions  was s tud ied  as this cha rac te r is t ic  wou ld  be r equ i red  

for future  quant i ta t ive  im m unocy tochem ica l  s tudies  (Chap te r  6 ). Four  of  

the m o n o c lo n a l  an t i bod ie s ,  Cal-11 and  those secre ted  by h yb r idom a s
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1G9, 2A8 and  6A1 were able to im m uno loca l i ze  L PL  on acetone-f ixed  

cryos ta t  sect ions of  chicken cardiac t issue,  Fig 3.5. The  sheep polyclonal  

a n t ib o d y  was  a lso  fo u n d  to have  this p rope r ty  and  the pa t t e rn  of  

im m u n o s t a in i n g  o b ta in e d  with all 5 an t ibod ie s  was fo u n d  in ch icken

card iac  t issue to be ident ical ,  Figs 3.5 and 6.3. The an t ibodies  secreted

by the r e m a in in g  h yb r idom a s  gave  no de tec tab le  im m u n o f lu o re s c e n c e ,  

Fig 3.5. None  of  the ant ibodies  capable  of  immunoloca l izat ion  o f  LPL in 

ch ic ken  card iac  t issue were able to de tec t  L PL  in s imi la r ly  p repa red

sect ions of  rat  ca rdiac t issue,  Fig 3.5. Similar ly  none of  the ant i -chicken

L PL  an t i bod ie s ,  po lyc lona l  or  m onoc lona l ,  c ros s - reac ted  with par t i a l ly  

pu r i f ied  rat  L PL  (specif ic  ac t ivi ty  320 uni ts o f  e n z y m e  ac t iv i ty /m g  of  

protein)  in the ELISA system descr ibed  in sect ion 3.2.4, Table  3.2.

T r e a tm e n t  o f  a b so rbe d  LPL by pe r iod ic  ac id,  in the E LISA  sys tem 

descr ibed in sect ion 3.2.8 was not found to affect  the binding of  any of  

the ant i -chicken LPL monoc lona l  ant ibodies  to chicken LPL, Table  3.3, at 

any of  the an t ibody di lut ions tested.

Table  3.3 The  lack o f  effect  of  per iodic  acid t r ea tm en t  o f  absorbed  
ch icken L P L  on the subsequent  binding of  an t i - chicken LPL monoclona l  
ant ibodies  as m easu red  in an ELISA system.

A n t i b o d y O D 492  T r e a t e d  w e l l s O D 492  C o r

1 E 7 0 . 6 8 — 0 . 0 8 0 . 7 1 T Q . 0 1

1 G 9 0 . 7  1 T O . 0  7 1
+

O

2  A  8 0 . 5  8 T ( ) . 0  7 0 . 6 5 T 0 . 0 8

4 F 6 0 . 6 6 ± 0 . 0 1 0 . 6 7 T 0 . 0 3

5 F 2

cn

+
f

C
O

C
O 0 . 9 3 T 0 . 0 5

5 G 3 0 . 7 0 ^ 0 . 0 2 0 . 7 2 T 0 . 0 1

6 A  1 0 .6 3  T O . 0  2 0 . 6 6 T ( ) . 0 2

C a l - 1  1 0 . 5 0 T 0 . 0 1 0 . 5 ( ) T 0 . 0 3

Pur i f ied  ch icken  L P L  was bound  to the wel ls  o f  E LIS A  pla te s  and t r eated wi th  per i od i c  
acid,  be fo r e  the add i t i on  o f  an t i -ch i cken  L P L  ant i bodi es ,  as de sc r i bed  in s ec t ion  3.2.8.  

T h e  va lu e s  r e p r e se n t  t he  m e a n s  — SE (n=4)  f o r  1/4 d i l u t i ons  o f  the h y b r i d o m a  cell  
s u p e r n a t a n t s  o r  in the ca se  o f  Ca l -11  a 1 /6000 d i l u t i on .  N o  s i gn i f i c an t  d i f f e r enc e  
( s t u d e n t ’s test)  be tw e en  t r e a ted  and un t r ea ted  (cont ro l )  wel l s  was  found .
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Figure 3.5 Immunoloca l izat ion  of  LPL in sections of  cardiac tissue 
using an t i - chicken LPL monoclona l  antibodies.

LPL was loca l ized  in c ryos ta t  sect ions  o f  the ch icken  or  ra t  left  
vent r icu la r  m yoca rd ium  us ing  an t i - ch icken LPL m onoc lona l  an t ibod ie s  
in the i m m u n o f l u o r e s c e n t  s ta in ing  p ro ce d u re  d e s c r i b e d  in sec t ion
3.2.6.

A) Im m unof luo rescen t  s ta ining of  sect ions of  chicken card iac  tissue, 
ob tained by using cell m edium  from hybr idoma 2A8 as the source of  
p r imary  an t i -LPL ant ibodies .  An ident ical pattern o f  im m u n o re a c t iv i t y  
was also ob ta ined  using cell  m edium  from hybr idom as  1G9 or  6A1 
(data not shown). Print x 476.

B) Imm unofluorescen t  s taining of  sect ions of chicken card iac  t issue, 
o b t a i n e d  by u s ing  pu r i f ie d  Cal-11 IgG as the p r im a ry  a n t i - L P L  
an t i body .  T h e  pa t t e rn  of  im m u n o re a c t iv i t y  was i d en t i c a l  to that  
ob tained above (Fig 3.5a),  using cell medium from hybr idoma 2A8 as 
the source of  an t i -LPL antibodies.  Print x 476.

C) Lack o f  spec i f ic  i m m u n o f l u o r e s c e n t  s ta in in g  o f  s e c t ions  of  
c h ic k e n  c a rd i a c  t is sue ,  o b t a i n e d  w hen  u s ing  cel l  m e d i u m  f rom 
hybr idom a 5F2 as the source of  pr imary an t i -LPL ant ibodies .  This  is 
r ep resen ta t ive  of  resul ts  ob tained  using cell  med ium  from hybr idom as  
4F6, 5G3 and 1E7 (data not shown).  Print x 476.

D) Lack of  specific immunofluorescent  s ta ining of  cryos ta t  sect ions 
ol  ra t  c a r d i a c  t i s sue ,  o b t a in e d  when  u s ing  cel l  m e d i u m  f rom 
hybridom a 2A8 as the source of  pr imary ant i -LPL antibodies.  This  was 
r epresen ta t ive  o f  the lack of  reaction shown by all the ant i -ch icken  
LPL ant ibodies ,  polyclonal  and monoclonal,  to rat LPL. Print x 476.





3.4 DI SCUSSI ON

The work  in this Cha p te r  descr ibes  the p roduct ion  of  an inh ib i to ry  an t i ­

ch icken  L PL  sheep ant ise rum. Severa l  g roups have  p rev ious ly  p roduced  

inh ibi tory  ant isera against  LPL. Et ienne  et al. (1985) and Goldberg  et al, 

(1986) ra i sed an inhibi tory an t iserum against  bovine milk LPL in a goat 

w h e r e a s ,  K o m p i a n g  et al. (1976)  p r o d u c e d  an inh ib i to ry  a n t i s e ru m  

a g a i n s t  c h i c k e n  a d i p o s e  L P L  in the  r a b b i t .  V a r i a t i o n s  in the 

i m m u n o l o g i c a l  c r o s s - r e a c t i v i t i e s  o f  m a m m a l i a n  L P L s  h a v e  been  

p rev ious ly  s tudied  us ing  an t i -LPL polyc lona l  an t ibod ies .  G o ldbe rg  et al. 

(1986)  f o u n d  tha t  an inh ib i to ry  an t i -hum a n  L P L  po lyc lona l  an t ibody  

fai led  to inhibi t  e i ther  bov ine  milk or  bovine post-heparin  p lasm a  LPL.  

Shi rai  et al. (1982)  fo u n d  that an inh ib i to ry  a n t i - b o v in e  m ilk  LPL 

polyclona l  ant ibody inhib i ted human  and  pig LPL but  not that of  the rat 

or dog.  It, therefore ,  does not  seem surpri s ing  that an an t i -ch icken  LPL 

po lyc lona l  an t ibody  fai ls to c ro ss - reac t  with rat  LPL as a ssessed  by 

ELISA (Table  3.2) or by im m unof luo rescence  on cryostat  sect ions o f  rat 

cardiac t issue (Fig 3.5).

M o n o c lo n a l  an t ibod ie s  w ork  wel l  in cell  s ta in ing  techn iques  (requir ing  

little f ixa t ion)  where  their  purity  and  specif ici ty  yield low backgrounds .  

This  was shown by the immunoloca l izat ion  o f  L PL  using Cal-11 and the

an t i -LPL ant ibodies  secreted by hybr idomas  1G9, 2A8 and 6A1,  Fig 3.5.

How ever ,  some m onoclona l  an t ibodies  will  not  give sa t is fac tory resul ts

in cell s t a in ing  if the specif ic  epi tope is des troyed  or  m aske d  dur ing

fixat ion. This  may be the case with the an t i -LPL  ant ibodies  secreted by 

hybridomas  1E7, 4F6, 5F2 and 5G3, all o f  which fai led to local ize LPL on 

acetone f ixed cryos ta t  sect ions o f  chicken cardiac tissue.

As was found  with the an t i -ch icken  LPL polyclonal ,  none o f  the an t i ­

ch icken  LPL m onoc lona l  an t ibod ies  showed  any c ross - reac t ion  with rat 

L P L  by i m m u n o f l u o r e s c e n c e ,  Fig 3.5,  or  by E L I S A ,  T a b le  3.2.  

G e r s h e n w a l d  et al. (1985)  r e p o r t e d  that  the inh ib i to ry  a n t i - ch ic ken  

m o n o c l o n a l  a n t i b o d y  Cal-11  fa i l ed  to in h ib i t  or  i m m u n o p r e c i p i t a t e  

hum an  LPL.  This  suggests  that  there are cons iderab le  di ffe rences  in the 

an t igen ic  p roper t ie s  o f  ch icken  and  rat  LPL (and poss ib ly  L PL  from 

o the r  m a m m a l i a n  species ) .  The re  is, however ,  c o n s id e ra b l e  hom o lo g y  

be tw een  the p red ic ted  p r im ary  sequences  of  ch icken  and m ouse  LPL
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(C o o p e r  et al., 1989)  the lat ter being shown to have s imi lar  ant igenic  

propert ies  to rat LPL (Soter iou, 1991). The  lack of  immunolog ica l  c ross ­

react ivi ty  be tw een  ch icken and rat  LPL cannot  be exp la ined  by species  

d i f f e r e n c e s  in g l y c o s y la t i o n  p r o d u c i n g  d i f f e re n t  an t ig e n ic  p roper t ie s .  

Th is  is because ,  none o f  the m o noc lona l  an t ibod ie s  d e s c r ib ed  in this 

Chap te r  were found  to be specif ic  for  carbohydra te  epi topes ,  Table  3.3, 

as de f ined  by a loss  of  react ivi ty  towards  ant igen t reated with per iodic  

acid (Lafferty  et al., 1991; W oodw ard  et al., 1985).

In conc lu s ion ,  the w ork  in this Chap te r  de scr ibes  the p roduc t ion  and 

par t ia l  c h a ra c te r i z a t i o n  o f  both m o n o c lo n a l  and  po ly c lo n a l  an t ibod ie s  

aga ins t  ch icken  LPL.  How ever ,  the lack of  c ross - reac t iv i ty  o f  the an t i ­

ch icken  L PL  an t ibodies  with rat  L PL  does not a l low the possib i l i ty  of  

f u t u r e  c o m p a r i s o n s  b e t w e e n  the  r a t  a n d  the c h i c k e n  in the  

im m unoloca l i za t ion  or  imm unoquan t i ta t io n  of  LPL to be made.
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CHAPTER 4

THE RELEASE OF LPL ACTIVITY FROM THE ISOLATED PERFUSED CHICKEN 

HEART BY HEPARIN

4.1 INTRODUCTION

The aim of  the work  descr ibed  in this chapte r  was to use the isolated 

pe r fu s e d  ch ic k e n  hear t  system to inves t ig a te  the e ff ec t  o f  nu tr i t iona l

s ta tus  on the func t iona l  (ie: h epa r in - re lea sab le )  pool  of  L PL  ac t ivi ty  

presen t  in ch icken cardiac tissue.

L a n g e n d o r f f  in t ro d u c ed  the iso la ted  bea t ing  hear t  p repara t ion  in 1885 

and the technique  has s ince been used for  a wide range o f  physiological  

and  b io ch e m ic a l  s tud ies  on the hear ts  o f  m any  species  (N ee ly  and 

Rove t to ,  1975). How ever ,  there  have  been few studies  on av ians and 

on ly  three s tudies  have repor ted  the use of  such a prepara t ion  in the 

case  o f  the ch ic ken .  L in d m a r  et al. (1982) ,  fo r  e x a m p le ,  u sed  the 

per fused  ch icken  hear t  as a model  sys tem to inves t iga te  the interst i t ial  

w a s h o u t  and  h y d r o ly s i s  o f  a c e t y l c h o l in e .  M c C a l l u m  et al. (1989)  

in v e s t i g a t e d  the e ff ec t  o f  fu ra z o l i d o n e  on the level  o f  m y o c a r d ia l  

va scu la r  res i s tance ,  while  W a ck  and  Ham lin  (1986)  m e a s u r e d  the left 

v en t r i cu l a r  p ressure  ge ne ra te d  du r ing  beat ing.

W hen  i so la ted  pe rfused  rat  hearts  have been used  as a model  system

for s tudy ing  LPL at the capi l la ry  endo th e l iu m , it has been found  that

pe rfus ion  o f  the hear ts  with hepar in  caused  an im m ed ia te  re l ease  o f  

LPL activity into the perfusate.  This  is because LPL has about  a 40-fold 

g rea te r  aff ini ty  for  heparin than for  heparan  su lphate  (Bengts son  et al., 

1980), the mate r ia l  th rough which it is bound to the endo the l ium. The

short  t ime requ i red  for  r e l ease  of  the e n z y m e  sugges ted  that  it was 

located at a site easi ly accessible  to heparin,  such as the surface of  the 

cap i l lary endothe l ium. In support  o f  this idea, Borensztajn  and Robinson 

(1970)  found  that pe r fus io n  with hepa rin r ed u c e d  the ab i l i ty  of  rat 

hearts to oxidise  [ 1 4 C]- labe l l ed  chy lo m ic ron  t r iacy lg lycero l  by 80% and 

that fas t ing increased the size of  the funct ional  endothel ia l  pool  of  LPL 

a c t i v i t y  a nd  the c a p a c i t y  o f  the  h e a r t  to o x i d i s e  c h y l o m i c r o n  

t r i a c y l g ly c e r o l .
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In i so la te d  hear t s ,  this  r a p id  re l e a se  of  L P L  ac t iv i ty  by hepar in  is 

fo l lowed by a con t inuous  s low phase  of  re lease, which  can account  for  

up to 50% o f  the total  enzym e  present  in the t issue (Borensz ta jn  and 

R ob inson ,  1970; R ob in son  and  Jenn in gs ,  1965) . It has been p ropose d  

that this f ract ion represents  enzyme from the interst i t ial  space  in t ransit  

f rom the card iac  m yocy te s  to the surface  of  the capi l la ry  endo the l ium

(Atkin and M eng,  1972).

The  proport ion  o f  total  hear t  LPL activity  that can be rap id ly  r eleased 

by heparin tends to correlate posi t ively with the level of  total t issue LPL 

a c t iv i ty  w h ich  is i ts e lf  the sub je c t  o f  a va r i e ty  o f  nu t r i t iona l  and  

phys io logica l  s t imuli  (Cryer ,  1981). In m am m als ,  changes  in total t issue 

LPL activity have also been shown in response to such s timuli  as fast ing, 

exercise  and lactat ion (Cryer , 1981). However ,  total LPL act ivity in avian 

t issues  appear s  to be less r espons ive  to nut r i t iona l  changes  than does 

that of  m am m a l ia n  t issues.  Total  LPL act ivity in chicken adipose tissue 

and  ske le ta l  m usc le  is on ly  m arg ina l ly  a ff ec ted  by fas t ing,  w h i le  the 

total  ac t iv i ty  o f  ca rd iac  m usc le  increases  on ly  s l ight ly  under  s imi la r  

cond i t ions  (Evans,  1972; Husbands ,  1972; Benson and Bensadoun ,  1977; 

H ermie r  et al., 1989; Griff in and Butterwith,  1988). Hermier  et al. (1989)  

a lso found  that,  with  5 week old broi ler  ch ickens ,  fas t ing  for  18 hrs 

fa iled to al ter the level o f  heparin -re leasable  L PL  act ivi ty  f rom adipose

t issue segments  incuba ted  in vitro. It is possible however ,  that the slight 

increase in total t issue activity (observed by Husbands ,  1972 and Griff in 

and Butterwith ,  1988) m ay  mask  much greater  increases  in the heparin-  

r e leasab le  pool  o f  LPL act ivi ty  though t  to be loca ted  at the capi l lary 

e n d o t h e l i u m .

In the p resen t  s tudy ,  an a t t e m p t  was m ade  to r e la te  the in v i tro  

m ea s u r e m e n ts  o f  the func t iona l  L PL  ac t iv i ty  in the p e r fu sed  ch icken 

heart  to the abil ity o f  the t issue to accumula te  l ipoprotein t riacylglycerol  

NEFA in vivo. Wolfe  et al. (1981)  concluded from the resul ts of  several 

s tudies  on the fate o f  r ad io labe l led  V L D L  tr i acy lg lycero l  in vivo, that 

oxidat ion  of  V L D L  de rived NEFA did not involve their pr ior  entry into

the p lasma pool of  NEFA.  Thus it has been thought  that the hydrolysis  of

[ 1 4 C ] l abe l led  l ipopro te in  t r i acy lg lyce ro l  and  up take  of  the r e l eased  

NEFA into t issues in vivo  can be used as an indicator  of  the amount  of 

funct iona l  LPL act ivi ty of  t issues.  For  example,  the technique has been 

p rev ious ly  used to assess  d i ff e rences  in the up take  and o x ida t ion  of
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V L D L  t r i a cy lg ly c e ro l  N E F A  by the t is sues  o f  fat  and  lean bro i le rs  

p roduced  by d ivergen t  se lect ion for  p lasm a  V L D L  concen t ra t ion  (Griffin 

et al., 1989; Griff in  et al., 1991a)  and  d i ff e rences  in the up take  and 

tu rnove r  of  V L D L  t r i acy lg lycero l  in the ad ipose  t issue  o f  b ro i le r  and 

layer  ch ickens  (Gr iff in  et al., 1991b).  In the present  s tudy,  the uptake  

and accumula t ion of  N E FA  derived from [ 1 4 C ] - V L D L  tr i acy lg lyce ro l  was 

com pared  to the total LPL activity of  individual  t issues,  to give a fur ther 

indica tor  of  the level of  funct ional  LPL in the musc le  and ad ipose tissue 

o f  broiler  chickens.

4.2 METHODS

4.2.1 A n i m a l s

Broile r  ch ic kens  from a c om m erc ia l  s train (Ross Poul t ry  Breeders  Ltd, 

N e w b r id g e )  were  fed  a d  l ib i tu m  on s tandard  b ro i l e r  g r o w in g  diets  

appropr iate  for  age. A pho toper iod of  14 hrs l ight and 10 hrs dark was

m a i n t a i n e d  wi th  l ights  o f f  b e tw e e n  6  pm and  4 am. In all the

expe r im en t s  desc r ibed  in this Chapter ,  broi lers  of  4 to 6  weeks  o f  age 

were  used ,  with fed  an im als  hav ing  free access  to food and  water .

Anim als  des igna ted  as fat fed were given a diet  o f  10% (v/w) corn oil 

added to LS, mash ad  l ib itum  for  5 days. Fas ted animals  were al lowed 

free access  to water ,  but  food was wi thdrawn 2 0  hrs before  the birds

were ki l led.  This  per iod of  fas t ing was chosen  because  Benson  et al. 

(1975)  r epo r ted  that  the fas t ing o f  roos te rs  for  e i the r  13 or  35 hrs 

p roduced  a doubl ing  in pos t-heparin p lasm a  LPL activity.

Hisex Brown layer chickens (Ross Poul try  Breeders  Ltd.) were rea red  in 

the same m anne r  as descr ibed for  broilers using s tandard  layer diets a d  

l ib itum  a p p r o p r i a t e  for  age.

Both strains of  chickens were obtained as one day old chicks.

Matu re  male  Sp rague-D aw ley  rats were obtained from Har lan Olac  Ltd, 

S h a w s  Fa rm , B la c k th o rn ,  O xon  and  were  m a i n t a i n e d  on a s tanda rd  

l ab o ra to ry  di et  (P i l sbu ry  4 1 B, P i lsbury ,  B i r m i n g h a m ,  UK).  Ra ts  of  

be tw een  250-300  g were used th roughou t  the work d esc r ibed  in this 

Chapter.  Fed rats had free access to food and water  while fas ted rats had 

free access  to wa te r  but the food  was w i thd raw n  18 hrs befo re  the 

an imals  were ki lled.
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4.2.2 I so la te d  p e r fu s e d  hearts

S t u d ie s  by B o r e n s z t a jn  (1987)  h a v e  s h o w n  tha t  t h r o u g h  the  day 

osc i l la tory changes  occur  in the amount  o f  LPL activity  p resen t  in the 

c a r d i a c  t i s sue  o f  f u l l y - f e d  and  f a s t e d  rats .  All  p e r f u s i o n s  were ,  

t h e r e fo r e ,  p e r f o r m e d  b e tw e e n  1 0 . 0 0  and  1 2 . 0 0  to r e d u c e  p o s s ib l e  

d iu rna l  c hanges  in func t iona l  L PL  levels .  Any hear ts  w h ich  fai led to 

r e p e r f u s e  or  m a i n t a i n  a s te a dy  bea t  were  d i s c a r d e d .  Hea r ts  were  

p e r f u s e d  fo r  1 m in  to r e m o v e  t r a p p e d  b lo o d  f rom  the  c o ro n a r y  

v a s c u la tu r e  be fo re  the add i t io n  o f  hepar in .  U n less  o t h e r w i s e  s ta ted,  

pe r fus io n  was ca rr ied  out  by s ingle  pass,  w i thou t  the r ec i rcu la t ion  of  

perfusate ,  using the apparatus  shown in Fig 4.1.

4.2.2.1 Iso la ted  p e r fu s e d  ch icken  hearts

Hearts  were pe rfused  by the L angendorf f  technique .  The  m ethod  used  

was a m odif ica t ion  of  that descr ibed  by W ack  and Hamlin ,  (1986)  for  

the perfus ion o f  ch icken hearts,  including  the addit ion of  1% (w/v) BSA 

to the perfusion  medium (to provide oncot ic  pressure  and to prevent  the 

a b so rp t ion  o f  L P L  to the appara tu s ) .  Birds  were  k i l l ed  by cerv ica l  

d i s lo c a t io n  and  the hear ts  were  r e m o v e d  rap id ly  into p h y s io log ica l  

saline at 0°C to arrest the heart  beat.  The proximal  portion of  the aorta 

was  c a nnu la te d  us ing  a short  length of  steel tubing  (2 . 0  mm outs ide  

d iam e te r )  w h ich  was t ied in p lace  us ing  su rg ica l  s ilk (E th icon  Ltd,  

Sco t land) .  The  r ight  and  left  b rac h ioce pha l ic  a r ter i es  were  a lso  t ied 

using the same mater ia l .  The  hear t  was then p laced  on the pe rfusion 

a ppa ra tu s  and  re t rog ra de  pe r fus ion  c o m m e n c e d .  H ear ts  were  pe r fused  

with Krebs -Hense le i t  solut ion, pH 7.4, (Table  4.1) mainta ined at 41"C and 

e qu i l ib ra ted  with 95% 0 2 / 5 % C O 2  in a reservoir  set 100 cm above the 

level of  the cannula .  A f low rate o f  12-15 ml/min  of  perfusion  medium 

through the heart  was typical ly  achieved using this method .  The  release 

o f  L P L  a c t iv i ty  f rom the t is sue  p r e p a r a t i o n  was  in i t i a t e d  by the 

int roduc t ion o f  30 uni ts /ml  o f  heparin (mucous inject ion BP,  Leo Labs 

Ltd. Pr inces  Risborough UK.) into the perfusion medium and fract ions for 

assay were col lected into tubes mainta ined  at 0°C.
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Figure 4.1 Diagram atic illustration of the Langendorff perfusion 
apparatus.

B

V

V
Essentially the apparatus consisted of  a water-jacketed heart chamber  (A), 7 cm internal 
diameter x 10 cm, and a water-jacketed reservoir (B), 3.5 cm internal diameter x 14 cm, 
the latter being set 100 cm  above the level of  the aortic cannula.  To  maintain the 
apparatus at a constant temperature a continual flow of  water (indicated by solid arrow) 
was passaged through the equipment  by means of  a thermostatted circulator (Grant 
LTD 6 , Grant Instruments Ltd. Cambridge,  UK).  The perfusate in the reservoir (B) 
was continually gased with a mixture  of  95% 0 2 / 5 % C 0 2  through a gas distribution 
tube (C). Silicone rubber  tubing (BDH Ltd., Poole, Dorset) was used throughout, with 
the length connect ing the heart chamber  and the reservoir  being of  8 . 0  m m  outside 
diameter and the length connecting the aortic cannula and the reservoir being of  3.2 mm 
outside diameter.  The perfusate (indicated by an open arrow) was collected into tubes 
maintained at 0°C or recirculated back to the reservoir  by means o f  a rotary pump 
(Masterflex 7014, Cole-Parmer Instrument  Co., Chicago, 111.).



Table  4.1 M ed ium  used for  the perfusion of  ch icken  hearts*

NaCl
K d
CaCl2 .2H20
N aH C 0 3

KH2 P 0 4

MgCl2 .6H20

m M 
110.0 

10.0
2.5

Glucose
BSA

20.0 
1.2 
0.5 
12.7 

1 % w/v

*modif ied from W ack  and Hamlin ,  (1986)

4.2.2.2 I so la ted  p e r fu se d  ra t hearts

Rats  were s tunned  and ki l led by cerv ica l  di s loca t ion.  The  hearts  were 

r em oved  rapidly and placed into phys iological  saline at 0°C to arrest the 

hear t  beat.  The  aorta  was cannula ted using a short  length o f  steel tubing 

( 1 . 2  mm ou t s ide  d iam ete r )  secu red  us ing surg ical  silk and  re t rog rade  

p e r fus ion  c o m m e n c e d .  The  pe rfus ion  m ed ium ,  a K rebs -H ense l i t e  buf fe r  

(Table  4 .2) ,  was m od i f ied  from that  desc r ibed  by Neely  and  Rove t to

(1975)  by the addi t ion of  1% (w/v) bovine serum albumin.  The  medium 

was held in a reservoi r  100 cm above the cannula ,  m a in ta ined  at 37°C 

and equ i l ib ra te d  with 95% 0 2 / 5%  C 0 2 . A f low rate of  4-6 ml/min of  

pe rfus ion  m ed ium  through the hear t  was typ ica l ly  a ch ieved  us ing this 

method.  The  release o f  LPL activity was ini t ia ted by the introduc t ion of  

5 uni ts  of  heparin per  ml into the pe rfusion medium with fract ions  for 

assay being  col lected into tubes main ta ined at 0°C.

Table  4.2 Medium used for the perfusion of  rat hear ts4-

m M
NaCl
K d
CaCl2 .2H20

1 18 .0

NaHCC>3

KH2 P 0 4

M g S 0 4

4.7
2.5

25.0
1.2

1.2

Glucose
BSA

1 1 . 0

1 % w/v

+ modif ied  from Neely and  Rovetto,  (1975)
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4.2.3 LPL assay

Chicken  and  rat LPL activity  was m easu red  as descr ibed  in Cha p te r  2, 

w i th  the  e x c e p t i o n  th a t  the  I n t r a l i p i d  w as  a c t i v a t e d  f o r  the 

m easu rem en t  of  rat  LPL by incubat ion for  1 hr at 30°C with 3 volumes 

of  sheep recalcif ied plasma.  Residual  LPL activity in the heart  t issue was 

m ea s u red  in f resh hom ogena te s  p repared  us ing a Polyt ron hom ogen ize r  

(K inem ati ca,  Lucerne ,  Switzer land) ,  in 0 .233 M Tr is /HC l  buffer,  pH 8.0 

con ta in ing  0.25 M sucrose and 10 mg BSA,  1 mg sodium deoxychola te ,  

40 p g  Nonidet  P40,  20 p g  heparin and 20 p g  PM SF per  ml ( Iverius  and 

Brunze l l ,  1985). H om ogena te s  were cen tr i f uged  at 3000 g av for  5 min 

and LPL activity  assayed  in the supernatant .  LPL act ivity has previously 

been m e a s u r e d  in ch icken  t issues  us ing this  m e th o d  (Grif f in  et al., 

1 9 9 1 b ) .

4 .2.4 P er fu s ion  o f  ch icken  hearts  with  concanava lin  A -F IT C  conjugate  

To assess  the level of  capil lary reperfusion,  isolated chicken hearts were 

p e r f u s e d  with c o n c a n a v a l i n  A - F I T C  c o n ju g a t e  w h ic h  b inds  to the 

g lycopro te ins  present  at the luminal  surface o f  the cap i l lary endothel ia l  

cel ls .  The  ch icken  hear ts  were per fused  as d esc r ibed  in sect ion 4.2.2 

excep t  that,  af ter  the b lood  had  been washed  free f rom the coronary  

va s c u la tu re ,  the hear t s  were  p e r f u s e d  for  5 min  in a r e c i rc u la t ing  

sys tem with m e d iu m  c o n ta in in g  20 p g / m l  o f  c o n c a n a v a l i n  A - F I T C  

con ju ga te  (S igm a  C hem ica l  Co.).  T hey  were then frozen in i sopen tane  

coo led  by l iquid ni t rogen and 10 p m  sect ions cut on a cryostat  (Bright  

Ltd. UK) at -26“C. Sections were f ixed for 5 min in acetone and mounted  

using 90% glycerol in PBS.

4.2.5 Preparation o f  4C ] -V L D L

[ ^ C J - V L D L  was p repared  us ing  the m e th o d  of  Gri ff in  et al. (1989) .  

Briefly,  9.25 MBq of  [ ' 4 C]-palmit ic  acid (2 M B q/pm ole ;  A m ersham  Int 

PLC, Amersham,  Bucks,  UK.) in 2 ml of  250 m M  Tris /HCl buffer,  pH 8.0, 

c o n t a i n i n g  10% (w /v )  f a t t y  a c id  d e p l e t e d  B S A ,  w as  i n j e c t e d

in travenous ly  into a ful ly-fed 6  week old broi ler  chicken.  After  15 min, 

1 ml of  sheep an t i - ch icken  LPL ant iserum (section 3.3.1)  was in jected 

i n t r a v e n o u s l y  to b lo c k  the  L P L - m e d i a t e d  c a t a b o l i s m  o f  V L D L  

t r i a cy lg ly c e ro l  and  the b ird  k i l l ed  45 min  la ter  by an in t r avenous  

injection of  sodium pentobarb i tone  BP (Sanofi Animal Heal th  Ltd.,  Herts. ,  

UK.) .  The  b lood  was co l l ected  from the j u g u la r  vein and m ix ed  with 

EDTA to give  a 4 m M  final  concen t ra t ion .  P lasm a  was ob ta ined  by
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cent r i fuga t ion  of  the blood  at 1000 g av for 10 min at 10°C and it was

rec ove red  by aspirat ion.  V L D L  was separa ted by ove r l ay ing  the p lasm a

with 0.9 % (w/v)  sodium  chlor ide and cen tr i fug ing  at 100,000 g av for 

20 hrs at 10°C. The  f lo a t in g  l ayer  o f  r a d io l a b e l l e d  V L D L  was  then

recove red  by aspirat ion.  Us ing  this procedure  approx im ate ly  97% of  the

r a d i o a c t i v i t y  i n c o r p o r a t e d  i n to  the  V L D L  w as  p r e s e n t  in the 

t r iacy lg lycero l  c om pone n t  (Griffin  et al., 1989). Rad io labe l l ed  V L D L  was 

used within 6  hrs o f  its preparation.

4.2.6 Uptake o f  [14 C ]-V LD L in vivo

Labe l l ed  V L D L  (2x10^  dpm) was injected into the wing vein o f  5 fully- 

f ed  b r o i l e r  c h i c k e n s  an d  the birds  w e re  k i l l e d  30 m in  l a te r  by 

i n t r a v e n o u s  i n je c t i o n  o f  s od ium  p e n t o b a r b i t o n e .  T h e  t i s sues  were  

r em oved  rapidly,  washed  in ice cold saline, f rozen in l iquid ni trogen and 

s tored at -70°C.

Total  t issue [ 1 4 C] levels were m easured  by so lubi l iz ing  t issue segments  

in 90% (v/v) hyamine  hydrox ide  (Sigma Chem.  Co.)  at 60°C for 6  hrs. 

Co lour  was rem oved  from the samples  by the addit ion of  150 pi of  30% 

(v/v)  hyd rogen  pe rox ide  fo l low ed  by a fu r the r  30 min incuba t ion  at 

60 ° C .  Af te r  coo l ing ,  10 ml o f  O p t ip h as e  Hisafe  II sc in t i l la t ion  f luid 

(Pharm acia  W all ac  Ltd, Mil ton Keynes,  Bucks,  UK.)  was added to each 

t u b e  a n d  s a m p l e s  d a r k  a d a p t e d  f o r  30 m in  to r e d u c e  

c h e m i l u m i n e s c e n c e .  T he  [ ^ 4 C] levels in the t issue samples  were then 

de te rm ine d  u s ing  l iquid scint i l l a t ion  coun t ing  (Wallac 1410, P h a rm ac ia  

Wallac Oy, Turku,  Finland).

4.3 RESULTS

4.3.1 Release  o f  LP L  activ ity  by heparin

A rap id  release o f  LPL from perfused  ch icken  hearts was p roduced  by 

30 uni ts o f  heparin  per  ml  of  perfus ion  m ed ium , Fig 4.1. Pre l iminary  

s tudies  found  that  concen t ra t ions  of  heparin  be low this level did not 

re lease  m easu rab le  levels of  LPL activi ty , whereas  concen t ra t ions  above 

this fai led to cause  any increase in the amount  of  LPL activity released.  

Bensadoun and Koh,  (1977) used 50 units of  heparin per  ml  of  medium 

to e lu te  fu n c t io n a l  L P L  ac t iv i ty  in p e r f u s e d  ch ic k e n  l ivers .  T h e s e  

c o n c en t ra t io n s  of  heparin are cons ide rab ly  h igher  than those used  in 

s im i la r  s tudies  in rat t issues.  For example,  C ha jek -Shau l  et al. (1988)

5 9



found  that  5 uni ts  of  heparin pe r  ml  o f  m ed ium  c aused  the m aximal  

r e l e a s e  o f  L P L  a c t i v i t y  f r o m  the  p e r f u s e d  r a t  h e a r t  an d  this 

concen t ra t ion  of  heparin was also used by G im enez-L lo r t  et al. (1991)  to 

re lease  LPL ac t ivi ty  f rom per fused  new born  rat  l ivers.  In the present  

s tudy 5 units of  heparin per  ml of  medium was used to cause  the rapid 

release  of  LPL act ivi ty  in per fused  rat  hear ts ,  Fig 4.1. Th is  suggests  a 

possib le  species  d i ff e rence  be tween  ch ickens and  rats in the release  of 

LPL by porcine m ucous  der ived  heparin.

Figure 4.1 T im e  course  fo r  the release o f  LPL ac t ivi ty  by heparin in 
the isolated pe rfused  ch icken and rat  heart  model  systems.

4

.20
£  3  -
O CL

1 2 - 
—iCu

o 1 -  

S

0 -

0  1 2  3  4  5  6  7

F r a c i io n  n u m b e r

C h i c k e n  and  rat  hea r t s  we r e  pe r f u se d  w i th  h ep a r i n  as d e sc r i b ed  in s ec t i on s  4 .2 .2 .
Pe r fu sa t e  f ract ions  o f  3 . 2 ml  and  1.5 ml  were  col l ec ted f rom the ch i cken  and rat  heart s
r espec t i ve ly .  T h e  values  fo r  the ch icken  are  mea ns  ±- SE  o f  9 per fus ions  o f  hear t s  f rom 

ful ly- f ed  bi rds .  T h e  va lue s  fo r  the  rat  are means  ±- SE  o f  the resul t s  of  5 pe rfu s ions  of  
the hea r t s  f r o m fu l l y - f ed  an ima l s .  To ta l  L P L  ac t i vi ty  r e l e a sed  pe r  hea r t  (Tab le s  4 . 3-  
4 .5 )  was  t aken to be the cum ul a t i ve  am o u n t  o f  L P L  act i vi ty  p r e sen t  in f r a c t i ons  2-5,  
wh ich  r ep re sen t ed  app ro x i m a t e ly  1 m in  o f  pe r fus ion  for  bo th  speci es .

4.3.2 E ffe c t  o f  n u tr i t io n a l  s ta tus  on h ep a r in -re lea sa b le  LP L  ac tiv i ty  in 

p e r fu s e d  b ro i le r  hear ts

H ear ts  i so la ted  f rom fu l ly -fed ,  h igh - fa t  fed  and  fas t ed  bro i le rs  were  

pe rfused with heparin as descr ibed  in sect ion 4.2.2.1.  The  total num ber  

of  units o f  enzym e  act ivi ty  re leased by heparin f rom the isola ted hearts 

of  ful ly fed,  high fat fed and fasted  broi ler  chickens  was 7.1, 9.5 and

11.5 (units per  heart )  respect ively (Table  4.3).  The 60% increase  in the 

num ber  of  enzym e  units re leased by heparin  f rom the hearts  o f  fas ted

bi rds  was  found  to be s ig n i f ic a n t  ( p = 0 .0075 ) ,  whi le  no s ign i f ican t

6 0



Ta
bl

e 
4.3

 
Th

e 
ef

fe
ct

 
of 

nu
tr

it
io

na
l 

st
at

us
 

on
 

th
e 

re
le

as
e 

of 
LP

L 
ac

ti
vi

ty
 

by
 

he
pa

ri
n

C3
CD

_ C

c
CD

O

CD

'oLh

"O
CD
00
a<+-H
1-H
CD
C D

T3
(D  •<—< 
Co
Ooo

CD
D C

o
.J -H

CD
CO
cG
C
CD
O
v -
CD

CD

CD
00

CD

CD

cG
O

H

>r-< GO
> X
+-j C
CD
cg

D

*->  CD • oo 
^  CG 
w  CD

<  £

Co
3

3  >in -rl 
<U o

CL ce

—  - C  
Vi 0 0
Co .H
<D <D

X  z oo

Coao
U h

D
£

CO in r -
X j " cn N"
O o O

+ 1 + 1 +1
LO C O

CN cn cn

O n

ON

NO

r~-
o-i

r -
in

+i

r-~

oo
C O
C O
+1

oc
O N
NO

CN

■o
<D

O n

CO
CO
+1

ON

NO

o
CO

LTi
o

o
+1
uo
O N

O O

X l"
r -
ON
CN

CD

(X

X f

Tl
O O
in
o
cn

*
*
D O
cn
o
+1in

cn

+i
cn
x l-
O b

(N

---1 C O T---
N" cn CN

O O O+1 +1 +1
O b in p
un in in

T O
CD

X

o  <d

p  -
> , 2  
-O L

CN
Cvj T3 W• O 
N " C  Cd X

o  g
C l O

i—
O

-  io
>  t d

CD
Cd 1— '

c
o
cd
CL

o
i—
o

> n
X CD

- a
* .n v_ o X <D

CD CD O *-* c
b i j

b / )
CD
00

- a L_
GO cd

C/D _ G cd GO r -

. 5
cd C/D

cd
~ o (D

o
G

G o u. G

- o
CD jz; C O

GO
GO
CD
i—

GO
_c CD X x cd

’ C
CD C c

C L
X

CD
L G

>

GO cd ’ r—' o ^4
CD CD ■n-^ > X

" O Lx 1 Cdo GO GO - a

c p D DCD <D
x  g

X
<D L-.

£ S

cd cd > >
(D  OC/D
H °“  J G

. E -
cd ^

b a  o

coCD

<D

ov
C l

Cl
(D

5

"8  « c/5 DC
G  ^

CD
C L

1  -  cd cd 
c/d

X  3  
(D  u ,

J2  CL 
o
^  CD

CD

O O c 
£  G  .

o 4—i
CD, , CL C 6

CD
GO >N GOG CD xO GO4-, -X

cd o CDu _ CD X J
c CDJD £ (D L-,

O0 cd

X J<D
GO4— 4/

5 CD
X
G 3}

CDcd
CL

Ox: cd (D4—
*S
>

O o GO cd *-»4—i O l X5 CD
<D Lx o

TD _ 0 cdCD b o
> N - C/D

T 34— O
G
(D4—

X
4—
(DIS co

(DL _ CL
X 3 4— X
* v ~ o

«*-( >N CDGO

X
oo GO

G
3 GO

CD
CLGO (D X

CO ha
d CDV- X (D

(DCN o L—i u ,
N GO

X 3
-G o cd

CD
W Td ^
is U 1/5c/5

1:3 E
-G

O  X  
G  Lh cd
CD X )

*0 ^  ^ O ^  0
£ *G 00G  > (jj)
°  ‘O  X 3

CD
* - X  X 3o o
o —l — 
L  Cu «
pa j  E

T  wW CO 
£ +1

G
cd
(D

CD
GO <L>

°  X
-G  cd >
E CD O G v - -*-JL—i

c
^  CD 
C/D G  
<D £

are X00 G
OC GOCD GO, . X CDLx Z3 4—■

cd CLCD CO X
xG «D



di ff e rence  was  found  be tw een  the values  for  fed and  h igh- fa t  fed birds. 

No  s ign i f ican t  d i f f e re nc e  was  found  be tw e en  the d i f fe ren t  nu t r i t iona l  

states in the m easured  level of  residual  or  total t issue LPL act ivi ty when 

expressed  per  heart.  The  percen tage of  total t issue L PL  activity  re leased 

by he parin  f rom hearts  o f  fu l ly -fed,  h igh-fa t  fed  and fas ted  birds  was 

2 .6 % ,  3 .1 %  an d  3.8%  re s p e c t i v e ly .  No  s ig n i f i c a n t  d i f f e r e n c e  was

di scern ible  with respec t  to any of  these values.  The  data  was unchanged  

in pa t t e rn  o f  e x p re s s io n  when  the values  were  e x p re s s e d  pe r  g wet  

we ight  of  t issue (data not  shown).

4.3.3 C o m p a r iso n  o f  the leve ls  o f  L P L  ac t iv i ty  r e le a s e d  by  h ep a r in  

p e r fu s ion  o f  hearts  iso la ted  f r o m  broiler  and  layer ch ickens

Due to select ion for  rapid growth  over  m ore  than 40 gene ra t ions ,  the 

p lasm a  l ipoprote in  m etabo l i sm  of  bro i le r  ch ickens  m ay  be a typ ical  o f  

c h ic ke ns  in gene ra l .  C o m p a ra t iv e  e x p e r im e n t s  were ,  therefo re ,  ca rr ied  

out  on the pe rcen tage  o f  total t issue L PL  ac t ivi ty  re leased  by heparin 

pe rfus ion  o f  hear ts  i so la ted  from broi ler  and  layer  ch ickens .  For  this 

s tudy,  4 week  old broi lers  and 6  week old layers were chosen  because  

they have  hear t s  of  re l a t ive ly  c o m p a r a b le  we igh ts  4.7 g and  3.5 g 

r e s p e c t i v e l y .  T h e  i s o l a t e d  hea r t s  were  p e r f u s e d  an d  t r e a t e d  with 

he parin  as d esc r ibed  in sect ion 4.2.2.1.  No  s ign i f ican t  d i f f e rence  was 

found be tween  broilers and  layers in e i ther the levels of  total t issue LPL 

ac t iv i ty  or  the ac t iv i ty  r es idua l  in the hear t  af te r  heparin  pe rfus ion  

(Table  4.4) . S imila r ly ,  no s ign i f ican t  d i ff e rence  was ob ta ined  be tw een  

broi le rs  and  layers  in the release  o f  LPL ac t iv i ty  by heparin  or  the 

p e r c e n ta g e  o f  to tal  t is sue  L PL  a c t iv i ty  r e l e a s e d  (2 .7%  and  2 .3 %  

r e s p e c t i v e l y ) .

4 .3 .4  The e ffec t  o f  fa s t in g  on the re lease  o f  LP L  ac tiv i ty  by heparin  

per fu s ion  o f  iso la ted  ra t hearts

As a means o f  val idat ing the resul ts ob tained with the isolated  perfused 

ch icken hear t  system and as a compar ison ,  a s tudy was unde rtaken on 

the effect  of  fas t ing on the hepa rin -re leasable  levels o f  LPL act ivi ty  in 

the i sola ted pe rfused  rat heart.

The  hear ts  of  male  S p ra g u e -D a w le y  rats were i so la ted  from ful ly -fed 

and fas ted an im als  and pe r fused  with heparin  as desc r ibed  in sect ion

4 .2 .2 .2 .
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A signif icant  d iffe rence  (p=0 .023)  was found be tween  the level  o f  total 

t issue L P L  act ivi ty  (expressed  per  heart ) in fed (70.5 uni ts) and fasted  

(85.7 un i ts )  rats  (T ab le  4 .5) .  No  s ig n i f ic a n t  d i f f e r e n c e  was  fo u n d  

be tw een  the levels  o f  LPL activi ty  res idua l  in the t issue af ter  heparin 

perfus ion  in e i the r  the fu l ly -fed  or  fas ted  state.  Fas t ing  was found  to 

cause a s ign if icant  increase in the number  of  units of  L PL  act ivity and 

the pe rcen tage  o f  total  t issue L PL  activity  r e leased  by heparin -perfus ion  

of  the rat  heart. Both  these values were increased  by a factor  o f  5 in the

hea r t s  o f  f a s t e d  a n im a ls .  T h e  d a ta  was  u n c h a n g e d  in p a t t e rn  of

expre ss ion  when the va lues  were e xpressed  per  g wet  weight  o f  t issue 

(data not  shown).

4.3.5 P erfus ion  o f  ch icken  hearts  w ith  C oncanava lin  A -F IT C  conjugate

In order  to gain in formation on the s tate of  reper fus ion  of  the chicken 

hear t  concanava l in  A -F IT C  con juga te  was pe rfused  th rough the isolated  

c h ic k e n  hea r t  as d e s c r i b e d  in sect ion 4.2 .4.  Th is  was  i n v e s t ig a t e d  

because  the apparent ly  small  pe rcen tage  of  the total t issue LPL act ivi ty 

re leased  by heparin pe rfus ion  o f  the ch icken  heart  by com par i son  with 

that seen from the fasted rat heart  may have been due to a poor  level of  

t is sue r epe r fu s ion .  T h e  c o n c an a v a l in  A w hich  binds to g lycop ro te in s  

presen t  at the luminal  su rface  o f  the capi l la ry  endo the l ium  effec t ively 

labels  those b lood  vesse ls  success fu l ly  rep er fused .  Frozen  sect ions  of

ca rd iac  t i s sue ,  p r ep a re d  as d e s c r ib e d  in sect ion 4.2 .4,  f rom va r ious  

port ions of  the hear t  were examined  and found to have s ignif icant  levels 

of  label present  in the capil lary bed and over  the luminal  surface of  the 

m a jo r  b lood  vessels  (Fig 4.1).  Because  o f  the high dens i ty  of  label led

c a p i l l a r i e s  o b s e r v e d  in the sec t ions  s tu d ied ,  it was c o n c lu d e d  that  

r epe r fu s ion  of  the ch icken  hear t  was e f fec t ive  and  that  heparin  was 

being de l ivered to the capi l lary bed.

4.3.6 H ydrolysis  o f  C] labelled  lipoprotein  triacylg lycerol in vivo

As a fu r the r  ind ica to r  of  the level o f  funct ional  LPL ac t iv i ty  in the 

muscle  t issues  and adipose tissue of  broiler  chickens, the uptake of  [ ^ C  ] 

label led V L D L  triacylglycerol  NEFA was s tudied in vivo. The [14 C ] - V L D L  

was prepared  as descr ibed in sect ion 4.2.5. The radiolabe l led VL D L was 

injec ted into the wing  vein of  5 fully-fed broi ler  chickens  and after  30 

min the birds  were ki l led and the level o f  [ 1 4 C] presen t  in se lec ted  

t issues  de termined,  as descr ibed  in sect ion 4.2.6. The mean t issue [ 1 4 C] 

levels  f rom 5 birds are given  in Table  4.6. The  m ethod  used  in this
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Figure 4.1 Sect ions of  chicken cardiac tissue ob tained  from hearts  perfused 
with concanaval in  A-FITC conjugate.

Cryos ta t  sect ions o f  chicken cardiac t issue were ob ta ined  from hearts  
pe rfused  with concanava l in  A -F ITC  con jugate  as descr ibed  in sect ion
4 .2 .5 .  T he  sec t ions  show n  were  taken from the  lef t  v e n t r i c u l a r  
myocard ium. Prints x 595.

A) Considerab le  amounts  of  label were associated with the 
endothel ia l  cell surface and lumen of the major  blood vessels.

B) A high density  of label led capil lar ies  was observed  th roughou t  
the heart .

T h e  L a n g e n d o r f f  p r e p a r a t i o n  a d o p te d  in the p r e s e n t  s tu d y  was  
the re fore  cons ide red  to effect ively reper fuse the capi l la ry bed of  the 
i solated chicken heart.





study to assess t issue rad ioact iv i ty ,  ie: hyamine  hydrox ide  so lub i l izat ion,  

w o u ld  inc lu d e  m e a s u r e m e n t  o f  aqueous  c o m p o n e n t s  and  b i ca rb o n a te  

l ev e l s  w i t h in  t i s s u e s / p l a s m a  w h e r e a s  p r e v i o u s  s tu d i e s  h a v e  on ly  

e x a m in ed  l ipid extract ions  o f  t issues (Griffin et al., 1989; Griff in  et al., 

1991a; 1991b). After  30 rnin, as suming the pl asma vo lume to be 4.7% of  

body weight  for  6  week old broiler chickens (Griffin et al., 1989), 3 .4% of  

the in jec ted  dose  of  rad io labe l  r em a ined  in the plasma.  Th is  cor re lates  

c lo se ly  wi th  prev ious  s tudies which repor ted  the ha lf  l ife o f  V L D L  in 

b roi le r  ch ic ken  p l a s m a  to be 5 min (Griffin et al., 1991b) .  The  total  

t issue LPL act ivi t ies  shown in Table  4.6 were ob tained from G uo  (1988) 

and had been measured  in 9 fully fed broiler  chickens at 6  weeks of  age.

Table  4.6 Tissue accumulat ion of  radiolabel led NEFA from [ 1 4 ç ] - V L D L  
tr iacylglycerol  in relation to total t issue LPL activit ies.

T i s s u e  Tissue LPL Accum ula t ion  of
a c t i v i t y  [ l^C] NEFA
( u n i t s / g )  ( d p m / g )

Breast  m usc le  0 .6±0.2 56—5
Leg  musc le  7 .2±1.5 1 4 3 ± 1 6
G iz z a rd  26 .5+4 .2  3 6 1 + 6  8
H e a r t  64 .5+7 .2  1 0 8 8 + 2 4
A b d o m in a l  fat 82 .0± 19 .0  7 4 4 0 + 7 0 1
L i v e r  1 .2+0 . 6  8 2 6 8 + 4 1 6
P l a s m a  0 .0  9 0 0 + 5 0

Rad io l abe l l cd  V L D L  was in j ec ted  into the wing  ve in  of  5 fu l ly - f ed  6 week  old broi ler  
ch i ck en s  and af t er  a pe r i od  o f  30 min  the b i rds  we re  ki l led and the level  o f  [ l ^ C l  
d e t e r m i n e d  in s e l ec t ed  t i s sues  (as de sc r i bed  in s ec t i on  4 .2 .6 ) .  T h e  total  t i s sue  LPL  
act i vi t ies  sho wn  were  ob t a ined  f rom Guo (1988)  whe re  t hey  were  me as u re d  in 5 ful ly-  
fed broi ler  ch i ckens  at  6 weeks  o f  age.  In bo th  cases  the values  a re  means  ± S E  and are 
exp re s sed  per  g we t  we ight  o f  t i ssue or  per  ml  of  p l asma .  1 un i t  o f  L P L  ac t i v i t y  was 
taken to be the rel ease  o f  1 p in o l e  o f  N EF A /h r  in the a ss ay  sys t em descr i bed  in sec t ion
2 .2 .2 .

C o m p a r i s o n  o f  r ad io labe l  a c c um ula t ion  and  total t issue L P L  ac t iv i ty  

shows  a l inear re la t ionship  for all the muscle  t issues s tudied (Fig. 4.2). 

How ever ,  for  ad ipose  t issue cons ide rab ly  m ore  rad io labe l  (7441 dpm /g  

wet  we ight  of  t issue) was accum ula ted  than would  have been expected 

from the level of  total t issue LPL ac t ivi ty  (82 uni ts /g  wet  we igh t  of  

t issue).  The  present  s tudy found  the muscle  t issues (breast  musc le ,  leg
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musc le ,  gizzard and heart ) to accumulate  an average of  36 dpm of  [ 1 4 C] 

l ipoprote in  t r iacylglycero l  N E F A  per  uni t o f  total  t issue LPL,  while  the 

a b d o m i n a l  fa t  pad  w as  f o u n d  to a c c u m u l a t e  90  dpm  o f  [ 1 4 C ]  

t r iacylglycerol  NEFA per  unit  of  total t issue LPL activity.

Figure 4.2 Tissue accumulat ion  of  NEFA from [14 CJ-VLDL in relation to 
total t issue LPL activit ies of  ful ly-fed broi ler  chickens.
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Rad io l abe l l ed  V L D L  was in j ec ted  into the wing vein o f  5,  f u l ly- f ed ,  6 week  old brol icr  

ch i cke ns  and af t er  30 mi n  the bi rds  we r e  ki l led and the level  o f  [ ^ 4 C] d e t e r m i n ed  in 
s e l e c t e d  t i s sues  (as  de sc r i be d  in s ec t i on  4 .2 .6 ) .  t he  tot al  t i ssue L P L  ac t i v i t i es  we re  
ob t a in ed  f rom G uo  (1988 )  and  we re  m eas u re d  in fu l l y- f ed  b ro i l e r  ch i ckens  at  6 weeks  
o f  age  (see Tab le  4.6) .  Th e  values are mea ns  ± S E  and are  exp res sed  per  g we t  we ight  o f  
t i s s u e .

4.4 DISCUSSION

Stud ies  us ing  the iso la ted  pe rfused  rat  hear t  as a model  sys tem have 

s h o w n  s i g n i f i c a n t  c h a n g e s  in the l eve l  o f  h e p a r i n - r e l e a s a b l e  (ie: 

funct ional )  LPL act ivi ty and smal ler  changes in total card iac  t issue LPL 

ac t ivi ty  du ring fast ing and carbohydra te  or fat  f eeding  (eg: Borenszta jn  

and Robinson ,  1970; Pedersen and Schotz,  1980; Kronquis t  et al., 1980). 

Resul ts  descr ibed  in this Chapte r  also demons t ra te  a s igni f icant  increase 

in the percen tage  of  total t issue LPL act ivity re leased  by heparin from 

the i so la ted  perfused  rat  hear t  during fast ing,  ie: f rom 6.2% to 31.5%. 

Simila r  resul ts  were obtained by Bagby and Corll  (1989) who found that 

the heparin -re leasable  f raction of  total t issue LPL act ivity in the isolated 

perfused rat heart  rose from 3.7% to 30.2% during fast ing.
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S ig n i f i ca n t  d i f f e re nc es  were  not  o b s e rv e d  in the p e rc e n ta g e  o f  total  

t issue LPL act ivity re leased by heparin perfusion  o f  hearts  isolated from 

fu l ly-fed ,  high fat-fed and  fasted broi ler  ch ickens.  This  w ou ld  seem to 

correlate  with the response  of  total t issue LPL act ivi t ies  in avian species  

which also seem not  to be s ignif icant ly a ltered during  fasting. The latter 

was found to be the case in ducks (Evans,  1972) and pigeons (Cryer  e t  

a l . ,  1979). Ch icken  adipose  t issue and  skeletal  musc le  L PL  ac t ivi ty  is 

o n ly  m a r g i n a l ly  a f f e c te d  by fas t in g ,  whi le  total  ac t iv i ty  in ca rd iac  

m usc le  inc reases  only s l ight ly  (Husbands,  1972; Benson  and Bensadoun ,  

1977; Herm ie r  et al., 1989; Griff in  and Butterwith,  1988). H ermie r  et al. 

(1989)  a lso found  that fas t ing  5 week  old broi ler  ch ickens  for  18 firs 

fa i l ed to a l ter  the level of  heparin re leasable  LPL act ivity f rom adipose 

t issue segments  in vitro.

G ri f f in  et al. (1987)  have  r epor ted  that  the LPL ac t iv i ty  in ch icken 

a d ip o s e  t is sue  is ra te  l im it ed  by subs tr a te  c o n c e n t ra t io n ,  wi th in the 

normal  range  o f  p lasm a  V L D L  levels  found  in the fu l ly-fed  state. The 

c oncen t ra t ion  o f  p lasm a  t r iacy lg lyce ro l  f rom fas ted  ch ickens  has been 

repor ted  to be between  30% and 50% of  that o f  fully-fed chickens (Kim 

et al., 1991; Lecle rcq  et al., 1984).  These  observa t ions  have led to the 

suggest ion  that  in birds in the fasted state the supply of  substrate  is the 

c r i t i ca l  r e g u l a to r  o f  t r i a c y l g ly c e r o l  u p take  r a th e r  than  c h a n g e s  in 

funct ional  LPL activity  (Butte rwith,  1988).

P lasm a  N E F A  concen t ra t ions  in broi ler  ch ickens have been obse rved  to 

dou b le  d u r in g  pe r iods  of  fas t ing (Annison ,  1971) . It is poss ib le  that 

dur ing  fas t ing the muscle  t issues  derive a s ign if icant  proport ion  of  their 

ene rgy  requ i rem en ts  f rom the e leva ted  p lasm a  pool  o f  N E FA ,  thereby 

reduc ing  the r equ i rem en t  for  increases  in the amount  o f  funct ional  LPL 

ac t iv i ty  in these  t issues .  A d ipose  t is sue is the m a jo r  source  o f  the 

p l a s m a  N E FA  dur ing  fast ing,  de r ived  from increased  rates  o f  l ipolysis  

(A n n i s o n ,  1971) .  The  leve l  o f  p r o d u c t  in h ib i t i o n  of  L P L  ac t iv i ty  

(Baginsky  and Brown,  1977; Bengtsson and Olivecrona,  1980) caused  by 

the loca l ized  bui ld -up of  N E F A  may  ov e rc o m e  the r equ i r em e n t  for  a 

reduc t ion in the level of  funct ional  LPL at the capi l lary endo the l ium of  

ad ipose  t issue in the fasted s tate (ie: p lasm a  l ipoprote in t r iacy lg lycerol  

NE FA are directed to the musc le  tissues due to the inhibi tion o f  adipose 

t issue funct ional  LPL rather  than by a reduct ion in the am oun t  of  LPL
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funct ional  at the capi l lary bed  o f  ad ipose t issue or  by an increase  in the 

am oun t  of  LPL func t ional  at the capi l lary bed  of  m usc le  t issues) .  This  

w o u l d  seem  to c o r r e la t e  we l l  wi th  the lack  o f  r e s p o n s i v e n e s s  of  

func t iona l  LPL activity  in broi ler  cardiac and  adipose t issue to al teration 

in nu t r i t i ona l  s ta tus ,  seen both he re  and  e l sew here .  H o w e v er ,  s im i la r  

changes  in p lasm a  t riacylglycerol  and NEFA levels are also seen in rats 

(Bert in  et al. ,  1985,  L a rue -A c ha g io t i s  and  L e M a g n e n ,  1983, M e nahan  

and  Soboc insk i ,  1983)  where  s ign if icant  changes  in the func t ional  LPL 

ac t iv i ty  o f  ca rd iac  t is sue  has  been d o c u m e n te d ,  in the p re s e n t  and 

ear l ier  s tudies (Borensztajn  and Robinson,  1970, Bagby and Corll ,  1989).

T he  se lec t ion  o f  broi le rs  fo r  rap id  g rowth  ov e r  40 gen e ra t i o n s  has 

caused a 2 - fold increase in the proport ional  level of  carcass  fat in broi ler 

as opposed  to layer  chickens.  Because  pl asm a  l ipoprotein metabo l i sm in 

b roi le r  ch ic kens  m ay  the re fore  be a typ ical  of  ch ickens  in general ,  the 

level  o f  funct iona l  LPL act ivi ty in the cardiac t issue of  ful ly-fed  broi ler  

and laye r  ch ic kens  was c om pared .  How ever ,  in the p resen t  s tudy,  no 

s ign i f ican t  d i f f e rence  was found  be tw een  the pe rcen tage  of  total t issue 

LPL ac t iv i ty  r e l eased  by heparin  pe rfus ion  from the hear ts  of  broiler  

and layer chickens  (2.7% and 2.3% respectively).

W olfe  et al. (1981) conc luded  from several  in vivo  studies on the fate of  

radiolabe l led V L D L  tr iacylglycerol  that  oxidat ion o f  V L D L  derived  NEFA 

d id  not  involve  their  pr ior  en try into the p la sm a  pool  o f  NEFA. The 

hydro lys i s  o f  [ 1 4 C] labe l led l ipopro te in  t r i acy lg lyce ro l  in v ivo  and the 

u p t a k e  o f  the  r e l e a s e d  N E F A  can ,  t h e re fo re ,  g ive  a c o m p a r a t i v e  

indication o f  the amount  of  LPL activity functional  in a given tissue. The 

low am oun ts  o f  r ad io labe l  found  in musc le  t issues ,  by com pa r i son  to 

ad ipose  t issue (Table  3.6),  were not  due to the rap id  oxidat ion  o f  the 
[ 1 4 C]-N EFA  to C O 2  in these tissues since less than 4% of the adminis tered 

dose ,  in fu l ly -fed  broi lers ,  was  exp ir ed  as C O 2  ove r  the expe r im en ta l  

per iod used in the present  study (Griffin et al., 1991a).  From Table  4.6, 

it can be seen that the total t issue LPL activity of  the muscle  t issues of  

bro i l e r  ch ickens  is ve ry  va r i ab le  be tw een  ind iv idua l  m usc le s .  S im i la r  

va r i a t ions  in the LPL activi ty  of  m a m m a l ia n  musc le  t issue have  been 

att r ibuted to differences in the musc le  type ie: high in red muscle  fibres 

which  have a high capac i ty  for  fat ty acid oxidat ion and  low in white  

m u s c l e  f ib res  (B row n  and  L a y m a n ,  1988) .  F o l lo w in g  the in jec t ion  

in tr avenous ly  o f  [ 1 4 C ] - V L D L  in vivo, a l inear  correlat ion between  total
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t is sue  L P L  ac t iv i ty  an d  [ 1 4 C] l i p o p r o t e i n  t r i a c y l g l y c e r o l  N E F A  

a c c u m u la t io n  in the  b ro i l e r  m u sc l e  t is sues  was  o b s e rv e d  (F ig 4.2) .  

S im i la r ly ,  severa l  ear ly  s tudies  f o u n d  that  the u p take  o f  rad ioac t iv i ty  

f o l l o w in g  an in t r a venous  in jec t ion  of  r ad io l ab e l l e d  t r i acy lg lyce ro l  was 

g rea te r  in m usc le  con ta in ing  m ain ly  red  f ibres ,  which have h igher  LPL 

levels than in those con ta in ing  main ly  whi te  f ibres  (L inder  et al., 1976; 

Tan et al., 1977). How ever ,  recent  s tudies  by Brown and Laym an  (1988)  

fo u n d  no such co r re la t io n  be tw een  total t issue  L PL  ac t iv i t i es  and  the 

hydrolys is  in vivo  of  [^4 C]- labe l l ed  chy lo m ic ron  t r iacy lg lycero l  in female  

rats.  T hey  conc luded  that  t issue and  p lasm a  pos t -hepa r in  L P L  activi t ies  

were  not  a m easu re  o f  the ab i l i ty  of  individual  t issues  to a ccum ula te  

t r i acy lg lyce ro l  N E F A  or  the rate  o f  p lasm a  c hy lom ic ron  t r iacy lg lycero l  

c le a ra nc e .  S im i la r ly ,  M ar in  et al. (1990)  a lso found  lit tle cor re la t ion 

be tw een  total  ad ipose  t issue  LPL ac t iv i ty  and  the in v ivo  up take  of  

r a d i o l a b e l l e d  l ip o p ro te in  t r i a c y lg ly c e r o l  in man  and  c o n c lu d e d  that 

factors  other  than LPL are a lso impor tan t  for  ad ipose  t issue uptake of  

l ipopro te in  t r i acy lg lyce ro l .  These  m ay  inc lude  the regu la t ion  o f  blood 

f low to a given tissue or  fat depot  (West  et al., 1989).

The  corre lat ion be tween  total t issue LPL act ivi ty and [ 1 4 C] l ipopro te in  

t r i acy lg lyce ro l  hydrolys is  in the broi ler  m usc le  t issues  s tudied suggests  

that the percen tage of  total t issue LPL act ivi ty funct ional  in the heart  is 

typical  of  the percentage  of  funct ional  LPL in the other  muscle  tissues.  

T h e  re l a t i v e ly  low level  o f  h e p a r i n - r e l e a s a b l e  L PL  ac t iv i ty  in the 

per fused  ch icken  heart  (2 .7% in the ful ly-fed  state) a lso corre lates  with 

the r el a t ive ly  low level  of  up take  and  accum ula t ion  of  N E F A  derived 

from [ 1 4 C] l ipoprotein t r iacylglycerol  by the muscle  t issues (Fig 4.2).  In 

rats,  up to 40% of  p lasm a  l ipoprotein t r i acy lglycerol  was taken up and 

ox id i s e d  by m usc le  t issues  (Bragdon  and G ordon ,  1958) . W hereas  in 

broi le r  ch ic kens  this f igure  was be tw een  20 -25%  over  a s imi la r  t ime 

pe r iod  (Grif f in  et al., 1991b) .  This  species  d i ff e rence  may  be due  to 

lower  levels  o f  funct ional  LPL act ivi ty in the muscle  t issues of  broilers  

in compar ison  to rats,  as was found to be the case in the present  study. 

Al though,  levels  of  total cardiac tissue LPL activity (per g wet  weight  of  

t issue) were found  to be s imilar  in fu l ly -fed  broi ler  ch ickens  and rats,  

the pe rcen tage  o f  total  t issue LPL act ivi ty  r e leased  by heparin  was 2- 

fold higher  in the rat  heart  than in the chicken heart.
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The  ad ipose  t issue of  broiler  chickens  appears ,  in re la t ion to the muscle  

t issues,  to be able  to accumula te  cons iderably  more  t r i acy lglycerol  NEFA 

than w o u ld  be e x p e c t e d  f rom  m e a s u r e m e n t  of  the  total  t i s sue  L PL  

ac t iv i ty  (Fig 4.2) .  Severa l  s tudies  have  c on f i rm e d  that  the m am m a l ia n

a d ip o s e  t i s s u e  is a l so  p a r t i c u l a r l y  a d e p t  a t  the  i n c o r p o r a t io n  o f  

l ip op ro te in  t r i a cy lg ly c e ro l  N E F A .  W i th in  10 min  o f  an i n t r a v e n o u s

a d m i n i s t r a t i o n  o f  r a d i o l a b e l l e d  c h y l o m i c r o n s ,  B r a g d o n  a nd  G o rd o n  

(1958)  found  that  c a rbohyd ra te - f e d  rats i nco rpo ra ted  32% of  the label  

into ad ipose  tissue.  Simi la r  s tudies in dogs (Nestel  et al., 1962)  found 

2 7 .5%  o f  the label  in ad ipose  t is sue  45 min af te r  a dm in is t r a t ion  of  

r a d io l a b e l l e d  c h y lo m ic ro n s .  Th is  high level  of  up take  is not  due  to 

grea te r  amount s  of  l ipoproteins  be ing  del ivered to the fat  depots  by the 

b loods t ream , as ad ipose  t issue has a re la t ive ly low rate o f  blood f low 

when c o m p a r e d  to other  t issues  (Rosel l  and Bel frage,  1979). This  a lso 

suggests  that broi ler  ch icken adipose t issue not only has more  LPL per  g 

wet  weight  of  t issue,  but  also has a higher  percentage o f  total t issue LPL 

ac t iv i ty  func t iona l  at the cap i l la ry  bed. The  de ns i ty  o f  L PL  at the

lumina l  su r face  of  the en d o th e l iu m  m ay  p lay  a c ruc ia l  role  in the 

kinet ics  o f  l ipoprote in t r iacylglycero l  hydrolysi s  at the capi l lary bed.

The  60% increase  in the num ber  of  uni ts r e l eased  from the hearts  of  

fas ted broi lers  correlates  with the observat ion  that  L PL  act ivity in pos t ­

he pa r in  p l a s m a  o f  f as t ed  ch ickens  is tw ice  that  o f  fu l ly  f ed  birds

(Benson  et al., 1975; H ermie r  et al., 1989). The  heart  may  therefore be 

s imila r  to o ther  ch icken  musc le  t issues  in its re sponse  to fast ing.  This  

a s s u m e s  that  f u nc t iona l  L P L  ac t iv i ty  in a d ip o s e  t is sue  in v ivo  is 

unchanged,  as was found to be the case by Hermie r  et al. (1989) in vitro.

In c o n c lu s io n ,  the w ork  d e sc r ibed  in this  C h a p te r  c h a ra c te r iz e s  the 

perfused chicken heart  as a model  system for  the study of  LPL, a lthough 

the p roport ion  o f  the funct iona l  (ie: heparin -re leasab le )  e nzym e  act ivity 

was found to be low. From this, the preparat ion may  poten t ia l ly  be used 

as the model  system for  a ttempts  to im m unoquan t i fy  funct iona l  LPL by 

per fus ion  with an iod ina ted  an t i -ch icken  LPL m onoclona l  ant ibody.
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CHAPTER 5

STUDIES ON THE IM M U NO Q U A N TITA TIO N  OF FU N CT IO N A L LPL USING 

AN IODINATED ANTI-CHICKEN LPL MON OCLONAL ANTIBODY

5.1 INTRODUCTION

C h a p te r  4 d e s c r ib ed  the i so la ted  pe r fu s e d  ch icken  hear t  as a model  

sys tem for  s tudy ing  the h e pa r in - induc ed  rel ease  of  L PL  act ivi ty .  The  

work  in this Chapter  extends  this by a t t empting  to m easu re  the amount  

o f  L PL  protein ava i lable  at the capi l lary endothe l ium us ing  an iod ina ted  

a n t i - L P L  m o n o c l o n a l  a n t ib o d y ,  e i the r  p e r f u s e d  th rough  the i so la te d  

hear t  or  in jec ted  in tr avenous ly  in vivo.

Severa l  s tudies  have  inves t ig a ted  the re l a t ionsh ip  be tw een  total  t issue 

LPL activit ies  and LPL protein levels. Jansen et al. (1978),  for  example ,  

c o r r e l a t e d  n u t r i t i o n a l l y - i n d u c e d  c h a n g e s  in ra t  a d ip o s e  t i s sue  L PL  

ac t iv i ty  wi th  c hanges  in the LPL im m u n o re a c t i v e  m ass  p resen t  and 

c onc luded  that a l terat ions in enzyme activity were due to changes in the 

a m o u n t  o f  e n z y m e  pro te in  present .  S im i la r  work  by K ronqu i s t  et al. 

(1980) ,  us ing  the iso la ted  p e r fu sed  rat  heart ,  corre la ted  changes  in the 

r e l e a s e  o f  fu n c t io n a l  e n d o th e l i a l  L P L  ac t iv i ty  by h e pa r in  wi th  the 

c o n c o m i t a n t  r e l e a s e  o f  L P L  i m m u n o r e a c t i v e  m as s .  T h e s e  a u th o r s  

c o n c lu d e d  that ,  in the rat ,  changes  in func t iona l  L P L  ac t iv i ty  at the 

ca p i l l a ry  lumena l  su rface  were due to a l t e ra t io ns  in the a m o u n t  of  

enz ym e  presen t  at  this site r a the r  than to the opera t ion  of  any local 

a c t i v a t i o n / i n a c t i v a t i o n  p roce s se s .

A cons ide rab le  num ber  of  s tudies have been pub l i shed  on the use of  

i o d in a te d  an t ibod ie s  for  the r ad io im m u n o d e te c t io n  in vivo  o f  tumours  

expressing  a given antigen (eg: Van Herle et al., 1991; Peters et al., 1990; 

H a r w o o d  et al., 1990) and the diagnost ic and therapeut ic  uses of  passive 

im m u n iz a t io n  with r a d io l a b e l l e d  an t ibod ie s  in vivo  has recent ly  been 

rev iewed  by T hom a s  et al. (1990) and Bourdon et al. (1984) . Similar ly ,  

H u e t t i n g e r  et al. (1984)  i n je c te d  an i o d in a t e d  a n t i - L D L  r e c e p to r  

m o n o c lo n a l  an t ibody  in t ravenous ly  in order  to m easu re  the levels  of  

L D L  recep to r  pro tein present  in vivo  at the vascu la r  endothe l ium o f  the 

t issues  of  normal  and  W antanabe  Heri t ab le  Hyper l ipadaem ic  rabbi ts.  On 

this basis,  the s imilar  use of  an iodinated an t i -LPL monoclona l  antibody,
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i n j e c t e d  i n t r a v e n o u s l y  in v ivo ,  m ay  a l low the m e a s u r e m e n t  o f  LPL

pro tein in the capi l lary bed of  ind ividual  t issues.  Because  m easu rem en ts

of  e n z y m e  protein can be related direct ly  to enzym e  act ivi ty  (Jansen e t  

a l . ,  1978; Kronquis t  et al., 1980),  the techn ique  wou ld  therefore  assess 

the funct ional  L PL  activity of  individual  t issues  in vivo.

P re l i m i n a ry  s tud ies  u t i l is ed  the i so la ted  pe r fu s e d  ch icken  hear t  as a 

m odel  sys tem.  It was p ro p o se d  that  success fu l  m e a s u r e m e n t  o f  LPL

prote in  in this  sys tem and the de te rm ina t ion  o f  its r e l a t ionsh ip  with

hepa r in - induced  release  o f  LPL act ivity cou ld  act  as a feasibi l i ty  study 

for  s u b s eq u e n t  expe r im e n t s  in vivo. Subject  to feas ibi l i ty  being  shown,  

it wou ld  then become poss ib le  to use the technique  for  the a s sessmen t  

o f  t issue specif ic  changes  in func t iona l  LPL in vivo, us ing an im als  in 

d i f f e r e n t  n u t r i t i o n a l  s ta t e s ,  v a r y i n g  d e v e l o p m e n t a l  s t a g e s  and  in 

animals  f rom selected fat and lean lines.

The  first  appl icat ion  of  an t i -LPL ant ibodies  in the s tudy o f  func t iona l  

L PL  in the pe r fused  hear t  was reported  by Schotz  et al. (1977) ,  who 

p e r f u s e d  rat  hear ts  with an inh ib i to ry  po lyc lona l  an t ibody .  Fo l low ing  

this  t r e a tm e n t  the hear t s  were  f o u n d  to be i n c a p a b le  o f  ox id i s in g  

chy lom ic ron  t r i acy lg lycerol .  Similar ly ,  fo l low ing  pe rfus ion  with an anti-  

LPL  a n t i s e ru m ,  L P L  was v i sua l i s ed  at the cap i l l a ry  e n d o th e l iu m  of  

iso la ted  rat  hear ts  us ing  i m m u n o c y to c h e m is t r y  (Peder sen  et al., 1983). 

T h e  e s t i m a t e d  c o v e r a g e  o f  the  c a p i l l a r y  l u m e n  s u r f a c e s  by 

i m m u n o r e a c t i o n  p r o d u c t  was  f o u n d  to c o r r e l a t e  p o s i t i v e l y  wi th  

p r e v i o u s l y  r e p o r t e d  c h a n g e s  in h e p a r i n - r e l e a s a b l e  L P L  a c t i v i t y .  

I n t r a venous  in jec t ion  of  po lyc lona l  a n t i -L P L  an t i bod ie s  into ch ic kens  

(B ensadoun  and K om piang ,  1979; Griff in  et al., 1989) and m onoclona l  

a n t i -LPL ant ibodies  into monkeys  (Goldberg  et al., 1988a) has also been 

shown to rapidly block  the ca tabo l ism of  l ipopro te in  t r iacy lg lycero l  in  

v i v o .  T he se  s tudies  ind ica te  that  the f rac t ion  o f  t is sue  L PL  that is 

funct ional  in l ipoprotein t riacylglycerol  hydrolysis  is readi ly  avai lable  to 

c i rcu la t ing  inhibi tory ant ibodies  in the pe rfused  hear t  and in vivo.

In the p r e s e n t  s tudy ,  an i o d i n a t e d  a n t i - c h i c k e n  L P L  m o n o c l o n a l  

a n t i b o d y  (C a l -11 )  was  p e r f u s e d  th rough  i so l a te d  ch ic k e n  hear t s  or 

in jec ted  in t r a venous ly  in vivo  and the amount  o f  radiolabel  re leased by 

heparin used to es t imate  the amount  o f  specif ically  bound  antibody.  Cal- 

11 ( G e r s h e n w a l d  et al., 1985) was chosen because  it had a re la tively
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high as soc ia t ion  c o ns ta n t  ( 2 . 4 . x l 0 1 0  M ~1). It has been repor ted that  the 

assoc ia t ion cons tant s  fo r  m onoc lona l  an t ibodies  range  be tween  1 0 6 - 1 0 1 2  

(L idde l l  and  Cryer ,  1991) .  La rson (1985)  s u gge s te d  that  only 

m o noc lona l  an t ibodies  with aff ini ty  cons tan ts  of  1 0 1 0  M _1 or above be 

used for  the ana logous  techn ique  o f  in v ivo  r a d i o i m m u n o d e t e c t i o n  of  

t u m o u r  a s so c i a te d  an t igens .  Cal-11 also inh ib i ts  L P L  ac t iv i ty  in the 

p resence  of  heparin  (G ershenw a ld  et al., 1985), ind ica t ing  recogni t ion  of  

an e p i t o p e  a v a i l a b l e  w hen  L P L  is bo u n d  by p r o t e o g l y c a n s  at the 

v a s c u l a r  e n d o th e l iu m .

5.2 METHODS

5.2.1 M o n o c lo n a l  a n t ib o d y  p u r i f ic a t io n

Ascit ic  f luid con ta in in g  an an t i - ch icken  LPL m onoclona l  an t ibody  (Cal-  

11) was a gift f rom Professor  A. Bensadoun,  Cornel l  Universi ty ,  Ithaca. 

The  p roduct ion  o f  the an t ibody was deta i led previous ly  by G ershenw a ld  

el al. (1985) . The  ant ibody was isolated ini t ial ly  by a m m on ium  sulphate  

prec ip i ta t ion .  For  this,  suff ic ien t  sa tu ra ted  am m on ium  su lpha te  solut ion ,  

pH 7.2, (p repared by d isso lv ing  100 g of  amm oniu m  sulphate  in 100 ml 

of  water at 50°C) was added to the ascitic fluid, at 0°C, to achieve a 40% 

(v/v) f inal  concentra t ion.  The  samples  were then incubated  for  1 hour  at 

0°C and  centr i fuged  at 1600 g av for  15 min.  The protein precipita te  was 

then washed  with a 40% (v/v) saturated  solut ion of  am m on ium  sulphate  

by resuspens io n  and re-centr i fuga t ion .  The protein p rec ip i t a te  was then 

d isso lved  in 1/3 of  the or iginal  vo lume of  0.01 M phosphate  buffer , pH

7.2 and dialysed against 3 changes of  the same buffer,  overnight  at 4°C.

The  pro tein con ta in ing  so lut ion was then app l i ed  to a 10 ml DEAE-  

S e p h a d e x  (A 5 0 )  a n i o n - e x c h a n g e  c o l u m n  ( S i g m a  C h e m i c a l  Co.) ,  

p r ev io u s ly  e q u i l ib r a te d  with 0.01 M p h o s p h a te  buf fe r ,  pH 7.2.  The  

co lumn was elu ted with this buffer  at a rate o f  20 ml/hour  and 2.5 ml 

f rac t ions  o f  e lua te  col lected.  The  void vo lum e  frac t ions con ta in ing  the 

IgG peak ,  de te rm in e d  by m e a s u r in g  the abso rbance  at 280  nm, were 

poo led  and  al iquots  s to red at -70°C.  At  each s tage of  the purif ica t ion 

procedure,  samples  were taken for  analysis  by SD S-P A G E ,  as descr ibed  

in sect ion 2.2.5.
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5.2.2 In h ib i t io n  o f  L P L  activ ity

Chicken  ad ipose  L PL  (0.5 uni ts)  par t ia l ly  pur if ied  by hepar in -Sepharose  

a f f i n i t y  c h r o m a t o g r a p h y ,  as d e s c r i b e d  in s e c t ion  2 .2 .4 ,  was  p r e ­

in cu b a ted  with inc reas ing  amounts  (1-20 gg )  of  pur if ied  Cal-11 IgG in 

100 gl  o f  10 m M  phosphate  buffer,  pH 7.4, containing 20% (v/v) glycerol  

to s tabi l ize  the e n z y m e  act ivi ty .  Af ter  the p re - incuba t ion  pe r iods ,  the 

m ix tu re s  were  assayed  fo r  L P L  ac t ivi ty  as d esc r ibed  in sect ion 2.2.2.  

L PL  act ivi ty  in control tubes in which Cal-11 IgG was subs t i tu ted  with 

n o n - im m u n e  m o u s e  IgG (S ig m a  C he m ic a l  Co.)  was  a lso  d e t e r m i n e d  

u n d e r  iden t ica l  p r e - incuba t ion  cond i t ions .

5.2.3 lod ina tion  o f  Cal-11 IgG using the chloram ine  T  m e thod  

Iodina t ion us ing  ch lo ram ine  T was carr ied  out  using a m odif ica t ion  of  

the method of  McConahey and Dixon (1980). Briefly, 20 gg  of  Cal-11 IgG,

1 mCi of  carrier  free Na[125j]  (9 3 . 7  mCi /m l  Am ersham  In ternat ional  pic. 

A m ersham , Bucks,  UK),  20 gl (0.5 mg/ml)  chloramine T and  10 gl  of  0.3 

M phospha te  buffer , pH 7.6, were mixed  cont inuous ly ,  using a magnet ic  

s t i r re r ,  fo r  3 0 -6 0  seconds .  T h e  r ea c t ion  was  then  s to p p e d  by the 

addi t ion  o f  20 g l  ( l m g / m l )  sod iu m  m e ta b isu lph i t e .  T h e  m ix tu re  was 

then app l i ed  to a 5 ml  Sephadex  G25  gel f i l t ra t ion  co lum n  (PD-10,  

P ha rm a c ia  Ltd. ,  Mil ton Keynes,  Bucks ,  UK) which  had prev ious ly  been 

e qu i l ib ra ted  with 1% (w/v)  B S A  in PBS to m in im ize  the absorp t ion of

tracer. The column was eluted using PBS containing 0.1% BSA and eluate 

f ract ions of  0.5 ml  were col lected.  The  relat ive amounts  of  rad ioact iv i ty  

con ta ined  in each frac t ion were assessed us ing  a ga m m a  coun te r  (Mini  

Assay 6-20, Mini  Instruments  Ltd., Burnham on Crouch ,  Essex) .  The  void 

vo lum e  fract ions conta in ing  the [ 1 2 5 I ] -IgG were pooled  and the specif ic  

ac t iv i ty  of  the f rac t ions  ( g C i / g g )  de te r m in e d  us ing  a W al lac  1261 

g a m m a  c o u n te r  (Pha rm a c ia  W all ac  Oy,  Turku ,  Fin land) .  R ad io labe l l ed  

IgG was s to red  in a l iquo ts  at - 2 0 ‘’C and  used  with in 4 weeks  of

p r e p a r a t i o n .

5.2.4 Iod ina tion  o f  IgG  using the lac toperoxidase-g lucose  ox idase  m e thod  

E n z y m o b e a d  r e a g e n t  (B io rad  Labs ,  R ic h m o n d ,  C a l i fo rn ia ,  U S A )  was 

recons t i tuted  in 100 gl  of  dist il led water,  mixed  with 25 g g  of  Cal-11 IgG 

and 500 g C i  of  carr ier  free N a [ 1 2 5 I]. The reaction was then init ia ted by 

the addi tion of  25 gl  of  1% (w/v) (3-D-glucose. After  a 20 min incubat ion

period,  the react ion was s topped  by the separat ion of  the mix tu re  on a

gel f i l t ra t ion co lu m n,  as desc r ibed  in sect ion 5.2.3.  The  [ 1 2 5 I | - I g G
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c o n t a i n i n g  f r a c t i o n s  w e re  p o o l e d  and  the  s p e c i f i c  ac t i v i t y  o f  the 

p repara t ion de te rm in e d  as descr ibed  in sect ion 5.2.3.  R ad io labe l l ed  IgG 

was s tored in a liquots  at -20°C and used within 4 weeks  o f  preparat ion.

5.2.5 A sse ssm e n t  o f  an tibody  b ind ing  to L P L  by do t-b lo tt ing

A di lu t ion  series of  ch icken  L PL  (1.0-0 .06 p g ) ,  p u r i f ie d  by heparin -  

S e p h a r o s e  an d  c o n c a n a v a l i n  A - S e p h a r o s e  a f f i n i t y - c h r o m a t o g r a p h y  as 

descr ibed in sect ion 3.2.3, was bound to a ni t rocel lulose fil ter (0.45 p m , 

S c h le i c h e r  and  Schuel l ,  Dasse l ,  G e rm a n y )  us ing  a dot  blot  appara tu s  

(H y b r id o t  M a n i f o ld ,  B R L ,  G a i th e r s b u rg ,  U S A.) .  The  f i l t e r  was then 

r e m o v e d  f rom the appa ra tus  and  the r e m a in in g  reac t ive  s ites on the 

m e m b r a n e  b locked  by incuba t ion with 3% (w/v) BSA, 1% (v/v)  horse 

serum and  0 .5% (v/v) T w e e n - 2 0  in PBS for  2 hours  at 20°C.  A f te r  

w ash ing  with PBS con ta in in g  0 .05% (v/v)  T w ee n -20  (PBS-T) ,  the fil ter 

was cut  into strips and incubated for  2 hours at 20°C with 2 ml of  e ither 

0.05 pg /ml  Cal-11 IgG or 0.05 pg /m l  non- im m une  m ouse  IgG in PBS-T.  

The  strips were then washed  with PBS-T  and incubated  for  1 hour  with 

5 ml of  a 1/2000 (v/v)  d i lu t ion  o f  H R P - c o n j u g a te d  a n t i - m o u s e  IgG 

(Sigma Chemical  Co.) in PBS-T.  Fol lowing exhaust ive washing with PBS-T,  

the p r e s e n c e  o f  b o u n d  H R P - c o n j u g a t e d  a n t ibody  was  v i s u a l i z e d  by 

incubat ion  with 50 ml of  PBS containing 25 mg of  3,3' d iaminobenzid ine  

t e t r a h y d r o c h l o r i d e  ( S ig m a  C h e m ic a l  Co .)  and  50 p i  o f  30% (v/v)

h y d r o g e n  pe rox ide .  To  ensu re  that  the b ind ing  of  p r im a ry  an t ibody  

o b s e r v e d  by th is  p r o c e d u r e  w as  d u e  to r a d i o l a b e l l e d  C a l - 1 1 ,

a u t o r a d i o g r a p h y  was  a l so  c a r r i e d  out .  T h e  a u t o r a d i o g r a p h s  w e re  

deve loped  overn igh t  at -70°C on H y p e r f im -M P  (A m ersham  In te rnat iona l  

p ic ,  A m e r s h a m ,  B uc ks )  in an X - O m a t i c  c a s s e t t e  ( E a s t m a n  K o d a k ,  

R oches te r  NY) us ing  intens ify ing screens.

5.2.6 P erfus ion  o f  Cal-11 through the iso la ted  heart

Broiler  chickens (reared as descr ibed  in sect ion 4.2.1)  were fasted for  16 

hours  pr io r  to the e x p e r im e n t  in o rder  to e n h a n ce  the L PL  ac t iv i ty  

p resen t  at the cap i l la ry  endo the l ium  of  card iac  t issue  ( sec t ion 4.3.2) .  

Hear ts  were  iso la ted  and  pe rfused  for  1 min  with a m o d i f i e d  Krebs-  

H ense l i t e  bu f fe r  to r e m o v e  t r a ppe d  b lood  from the va s cu la tu re ,  as

prev ious ly  desc r ibed  in sect ion 4.2.2.  The  hear ts  were then t ransfe r red

i m m e d i a t e l y  to a s e c o n d  p e r f u s io n  a p p a r a tu s  c o n t a i n i n g  p e r f u s io n  

m ed ium  to which Cal-11 (100,000 dpm [1 2 5 I ] - IgG/m l)  had been added.  

Pe r fus ion  with the i o d ina te d  an t ibody  was c o n t i n u e d  us ing  e i the r  a
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single  pass or  a r ec i rcu la t ing  sys tem (Fig 4.1) .  The  hear ts  were  then 

t r ans fe r red  back to the ini t ial  perfus ion  appara tus  and  pe r fused  with a 

m in im u m  o f  1 0 0  ml  of  perfus ion  m edium  to r em ove  unbo u n d  an t ibody 

be fo re  the p e r f u s io n  m e d iu m  was s u p p le m e n te d  with 30 un i t s /m l  of  

hepar in .  P e r fu sa te  f rac t ions  of  2.5 ml were  c o l l e c t e d  th r o u g h o u t  the 

course  o f  the exper imen t .  The  am oun t  of  an t ibody  assoc ia te d  with the 

pe rfusa te  f rac t ions  (before  and after  heparin  pe r fus ion)  and residual  in 

the hear t  t issue was de te rmined  using a Wallac  1261 ga m m a  counter .

5.2.7 C learance  o f  iod ina ted  Cal-11 in vivo

Fu l ly - fed  b ro i l e r  ch ic kens  ( rea red  as desc r ibed  in sect ion 3.2.1 )  of  4 

weeks of  age were in jec ted  via  the wing  vein with 36 ng o f  Cal-11 

( 1 . 1 0 6  dpm [125i]_igQ) j n p b s  conta in ing  1% (w/v) BSA. Serial  b lood  

samples  were then taken to mon ito r  the d isappearance  o f  the label  from 

the b lood s tream. Af te r  inject ion  o f  the r ad io labe l led  IgG,  1 min was 

a l lowed for  the mix ing  of  the t racer  in the b loodst ream, before  removal  

of  the first b lood sample.  The level of  rad ioact iv i ty  in this sample was 

de f ine d  as the 1 0 0 % value from which s u bseque n t  d i sa p p e a ra n c e  was 

ca lcu lated .  Af ter  a t ime interval of  e i ther  5 or  30 min,  an in travenous  

in jec t ion o f  1000 uni ts  of  hepar in /K g  (mucous  in ject ion BP,  Leo  Labs 

Ltd, Pr inces  Risborough,  UK) body weight  was given  and blood  samples  

again taken 2 and 4 min later to monito r  the presence o f  the label in the 

b lood s t ream. Th is  am oun t  of  heparin has p rev ious ly  been shown to 

c a u se  m a x i m a l  r e l e a s e  o f  L P L  ac t iv i ty  into the p l a s m a  o f  b ro i l e r  

c h i c k e n s  w i th in  1 min  a nd  that  p o s t - h e p a r i n  p l a s m a  L P L  ac t iv i ty  

r em a in e d  at this level 5 min after heparin inject ion  (Guo,  1988). For  

each sample ,  the radioact iv i ty  was present  in 150 p i  a l iquots  o f  blood 

was de te rmined  in t ripl icate using a Wallac  1261 ga m m a  counter .
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5.3 RESULTS

5.3.1 The p ur if ica t ion  o f  Cal-11 f r o m  ascitic  f lu id

A pure  p repa ra t ion  of  m onoc lona l  IgG was req u i r ed  for  iod in a t ion  to 

r educe  any  potent ia l  non-spec if i c  in teract ions which m ay  ar ise f rom the 

labe l l ing  o f  c o n ta m ina n t  proteins.

T he  in i t i a l  s tep in the  pu r i f i c a t i o n  of  IgG f rom  asc i t ic  f lu id  was 

a m m o n i u m  s u l p h a t e  p r e c i p i t a t i o n .  T h e  i m m u n o g l o b u l i n  f r a c t i o n  

f o l l o w i n g  this  p r o c e d u r e  was  a n a ly s e d  by S D S - P A G E  and  fo u n d  to 

conta in  a large num ber  of  proteins in the 20 -60 K D a  molecu la r  weight  

r ange  (Fig.  5 .1) .  T h e  pa r t ia l ly  pu r i f ie d  IgG o b ta in e d  by a m m o n iu m  

su lpha te  p rec ip i t a t ion  was fu r the r  pu r i f ie d  by c h r o m a to g r a p h y  on an 

a n io n - e x c h a n g e  c o lum n ,  as d e s c r ib ed  in sect ion 5.2.1.  F o l low ing  this 

step,  3 IgG c o m p o n e n t  prote ins ,  of  m o lecu la r  we ight  52.5 KD a which 

co r r e sponded  with the expec ted  size of  the 2 murine  IgG heavy chains  

and 2 proteins with molecu la r  weights  of  24.5 KD a and  25 KDa,  which 

c o r r e s p o n d e d  with the e x p e c t e d  s ize o f  the 2 c o m p o n e n t  IgG l ight  

c h a in s ,  w e re  o b s e r v e d  as the so le  m a j o r  c o n s t i t u e n t s  o f  m a te r i a l  

ana lysed by S D S -P A G E  under  reduc ing condi t ions (Fig 5.1).

5.3.2 Inh ib ition  o f  LP L  activ ity  by Cal-11

To d e te r m in e  how rap id ly  m a x im a l  b in d in g  of  the a n t ibody  to the 

e n z y m e  o c c u r r e d ,  the  a b i l i t y  o f  the  p u r i f i e d  a n t i - c h i c k e n  L P L  

m o n o c lo n a l  a n t ibody ,  Ca l -11 ,  to inh ib i t  pa r t i a l ly  p u r i f ie d  L PL  under  

v a r i o u s  p r e - i n c u b a t i o n  c o n d i t i o n s  w as  i n v e s t i g a t e d .  T o  r e p r e s e n t  

equ i l ibr ium condi t ions ,  a pr e- incubat ion  per iod  of  16 hours  at 4°C was 

chosen ,  whereas  p re- incuba t ion  per iods of  5 and 15 min at 41 °C were 

chosen  to represen t  the cond i t ions  and  poss ib le  t imes o f  c i rcula t ion of  

the ant ibody in the perfused hear t  system or  in vivo.

No di ffe rence  in the abil ity o f  Cal-11 to inhibi t  LPL activity was found 

be tw een  the d i f fe ren t  p r e - incuba t ion  per iods  s tu d ied  (F ig 5.2) .  W hen  

the p re - incuba t io n  pe r iod  was omit ted,  the curve  of  enz ym e  inhibi t ion 

versus  ant ibody concen tra t ion (Fig 5.2) was sh if ted s light ly to the right.  

This may represent  a t ime lag for  binding to occur  or  compet i t ion  for the 

ep i t ope  on the e n z y m e  be tw een  the an t ibody  and  e i the r  the ac t iva to r  

protein (apo Cl  I) or  the substrate.
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Figure 5.1 Polyacrylamide gel electrophoretic analysis of samples 
obtained during the purification of the anti-chicken LPL 
monoclonal antibody, Cal-11, from mouse ascitic fluid.

1 2 3

29.0KDa

24.0KDa

20.0KDa

14.2KDa

Samples were obtained at each stage in the procedure described in section 5.2.1 for the 
purification of Cal-11. The samples were analysed by SDS-PAGE under reducing 
conditions on a 12% polyacrylamide gel, as described in section 2.2.5.
Lane 1. Electran molecular weight markers (Sigma Chemical Co.). Lane 2. material 
following ammonium sulphate precipitation (40 pg). Lane 3. material following anion 
exchange chromatography (10 pg).



Fig u re  5 .2  The  effec t  o f  p r e - incuba t ion  condi t ions  on the inh ibi t ion of  

LPL act ivi ty by the an t i - chicken LPL monoclona l  an t ibody,  Cal-11.

Q u a n t i ty  o f  Cal-11  (ug)

C h i c k e n  a d i p o s e  L P L  (0 .5  un i t s ) ,  p a r t i a l l y  p u r i f i e d  by  h e p a r i n - S e p h a r o s e  a f f i n i t y  
c h r o m a t o g r a p h y  ( s ec t i on  2 .2 .4) ,  was  p r e - i n c ub a t e d  w i th  i n c r ea s in g  am ou n t s  ( 1 -20  p g )  
o f  pur i f ied Cal-11 IgG in 100 p i  o f  phosp ha t e  buf f er  as de sc r ibed in sec t ion 5.2.2.  The  
m i x t u r e s  w e re  t h en  a s s a y e d  fo r  L P L  a c t i v i t y  ( s e c t i o n  2 .2 .3)  and  t he  p e r c e n t a g e  
i nh ib i t i on  ca l c u l a t ed  aga in s t  cont rol  t ubes  p r e - i nc uba t c d  wi th n o n - i m m u n e  m o u s e  IgG.

5.3.3 A sse ssm en t  o f  an tibody  binding  to L P L  a fter  rad io labe ll ing  

U s ing  the d o t -b lo t  as say  d e s c r ib e d  in sect ion 5 .2 .5 ,  the b ind ing  of  

r ad io l ab e l l e d  p repa ra t ions  of  Cal-11  to LPL were  c o m p a r e d  with the 

b inding  of  non- iod ina ted  Cal-11 in order  to de te rmine  whe the r  any loss 

o f  r eac t iv i ty  tow ards  the e n z y m e  had o c c u r r e d  d u r in g  the l abe l l ing  

procedure.  The  resul ts  obtained are shown in Fig 5.3.

Cal-11 io d ina te d  by the l ac toperox idase  m e th o d  ( lane 3) appeared  to 

exh ib i t  an ident ical  pa t te rn  of  bind ing to that  seen with non- io d ina ted  

Cal-11 ( lane 2). How ever ,  both preparat ions o f  Cal-11 iodina ted  by the 

ch lo ramine  T m ethod  (lanes 4 and 5) showed s ignif icant  reduc t ion in the 

leve l  o f  b in d in g  when  c o m p a r e d  to n o n - io d i n a t e d  Cal-11  ( lane  2). 

Red u c in g  the specif ic  ac t iv i ty  of  the c h lo ra m ine  T p repa ra t ions  from

39.2 p C i / p g  (lane 5) to 20.0 p C i / p g  (lane 4), thereby reducing the level of  

subs t i tut ion from 2.6 to 1.2 [ 1 2 5 1 ] m olecu le s  per  IgG,  was found  to 

increase the level of  Cal-11 binding. Non- im m une  m ouse  IgG was found 

to give no de tec table  binding in the assay  system. A u to rad iog raphy  of  

l ac toperox idase  iod ina ted  Cal-11 (lane 1) ind ica ted  that  the b ind ing  of

7 6



Fi
gu

re
 

5.3
 

C
om

pa
ri

so
n 

of 
the

 
ef

fe
ct

 o
f 

la
ct

op
er

ox
id

as
e 

an
d 

ch
lo

ra
m

in
e 

T 
m

et
ho

ds
 

of 
io

di
na

tio
n 

on 
the

 
re

ac
tiv

it
y 

of 
C

al
-1

1 
to

w
ar

ds
 

LP
L 

bo
un

d 
to 

a 
ni

tr
oc

el
lu

lo
se

 
fil

te
r.

vo

m

cn

min <N
v m CN vOOX) p ID C4 1—H o3 i—H Ö Ö Ö Ö

oo

1 '

u “ >■§j *-J • »—■> Oc  a o
c/3 O  «L>

5  i  Ö 
3  £  *

ö  8  ty)
SC* .5'g  & 2  S

a i l *-T3 _c Tf
i § s aU U M -_/
3  U 0 _Oh 1/5 ^  V,3  cö 3 Ö 
■O'w'S'S 
C  °  8  g<D O E
■f 3 | S
J  ~

^ J i g -
'  Tl “n't ■• &)_ N 3  « a w  «-*

ia sJ3 .53 3 « 
°  > .2  
’S  * p '

2. 
U

nl
ab

el
le

d 
C

al
-1

1.
3. 

Ca
l-1

1 
io

di
na

te
d 

us
in

g 
the

 
la

ct
op

er
ox

id
as

e 
m

eth
od

 
(1

2.4
 

pC
i/p

g 
Ig

G
).

4. 
C

al
-1

1 
io

di
na

te
d 

us
in

g 
the

 
ch

lo
ra

m
in

e 
T 

m
eth

od
 

(2
0.0

 
pC

i/p
g 

Ig
G

).
5. 

Ca
l-1

1 
io

di
na

te
d 

us
in

g 
the

 
ch

lo
ra

m
in

e 
T 

m
eth

od
 

(3
9.9

 
pC

i/p
g 

Ig
G

).
6. 

U
nl

ab
el

le
d 

no
n-

im
m

un
e 

m
ou

se
 

Ig
G

.



Cal-11 to LPL ,  d e tec ted  by the s econda ry  H R P  c o n ju g a t e d  an t ibody  

system, was due to the binding of  iodinated IgG.

C h lo ram ine  T iodina t ion  has on m any  occas ions  been shown to reduce  

the r eac t iv i ty  o f  l abe l led  an t ibodies  e i ther  by ox ida t ive  d a m a g e  or by 

oversubs t i tu t ion .  For  example,  T rucco  and  Petris (1981)  found  that after  

the iodinat ion o f  an t i -HLA m onoclona l  ant ibodies  by ch lo ram ine  T, only 

15-20% o f  the label led antibodies  were able  to bind to the target  cells at 

s a t u r a t i o n .  M a t z k u  a n d  Z o l l e r  ( 1 9 7 7 )  c o m p a r e d  l a c t o p e r o x i d a s e  

iod in a t ion  with ch lo ra m in e  T iodina t ion and  found  im p ro v e d  reac t iv i ty  

with the m ore  gent le  enzymati c  procedure .  The  lac toperox idase  m ethod  

was used  for  the iodinat ion o f  Cal-11 in all subsequent  s tudies  descr ibed 

in this Chapter.

5 .3 .4  H e p a r in  re leasab le  bind ing  o f  iod ina ted  Cal-11 in the p e r fu s e d  

h e a r t  s y s t e m

Iod ina ted  Cal-11 (100 ,000  dpm [1 ^ 5 1]-IgG/m 1) was  p e r f u s e d  th rough  

the isolated  chicken heart ,  as descr ibed  in sect ion 5.2.6 and the amount  

o f  r ad io a c t iv i t y  in the pe r fu sa te  f rac t ions  (before  and  a f t e r  heparin  

t rea tment)  and  res idua l  in the hear t  was de te rmined .  The  resul ts  o f  the 

s tudy  are  s u m m a r i s e d  in Tab le  5.1.  The  T a b le  show s  that  Cal-11 ,  

io d in a ted  by the ch lo ram ine  T m ethod ,  fa i led  to p roduce  any specif ic  

b i n d i n g  ( h e p a r i n - r e l e a s a b l e )  w h e n  p e r f u s e d  t h r o u g h  the  i s o l a t e d  

ch icken heart .  How ever ,  when  Cal-11 iod ina ted  by the l ac toperox idase  

m e t h o d  was  p e r f u s e d  th rough  the i so l a te d  c h ic k e n  hear t ,  b e tw e en  

12,426 and  7,296 counts  were subsequen t ly  re leased  by heparin,  (Table  

5.1). The  num ber  of  counts  re leased by heparin was related to the time 

o f  exposure  to the antibody, ie: lower  with shorter  c irculat ion times.  The 

n u m b er  o f  res idua l  counts  in the hear t  after  heparin  pe rfus ion  (88,557 

to 33 ,349)  was also found  to cor re la te  pos i t ive ly  with the pe r iod  of  

p e r fu s ion .  The  ra t io  of  h e p a r in - r e le a s a b le  to h e p a r i n - r e s id u a l  coun ts  

r anged from 14.0 to 21.9,  This ratio was higher  with shorter  per iods of  

an t ibody  circula t ion and little changed  by the inclus ion  of  non - im m une  

serum from several  species  as a source o f  IgG to b lock  non-spec if ic  

b inding.  In all cases ,  the residua l  coun ts  m e a s u r e d  in the hear t  after  

heparin perfusion,  represen ted  be tween  1 % and 2 % of  the total num ber  

o f  c o u n t s  e i t h e r  a d d e d  to the s y s te m  (in the  case  o f  p e r f u s a t e  

rec irculat ion)  or  pe r fused  through  the heart  (in the case of  s ingle-pass  

p e r f u s i o n s ) .
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5.3.5 Clearance  o f  iod inated  Cal-11 monoc lona l  an t ibody  in v ivo  

T h e  leve ls  o f  r a d i o a c t i v i t y  p re s e n t  in the  b lo o d s t r e a m  o f  f u l l y - f e d  

b ro i l e r  c h ic k e n s ,  i n je c te d  in t r a v en o u s ly  wi th  l a c to p e r o x id a s e  i o d ina te d  

Cal-11,  after  var ious per iods o f  c irculat ion,  are shown in Tab le  5.2.

Table  5.2 The  clearance of  radio label led  Cal-11 from the bloods tream of

broi le r  ch ickens .

T i m e  a f t e r  i n j ec t i on  Radioac t i v i t y  in 150 jil To t a l  coun t s
( m i n u t e s )  o f  b lood (dpm) in c i r c u l a t i o n

1 2 5 9 5 9 2 5 , 7 1 4
2 2 3 0 7 8 2 2 , 9 7 6
5 2 2 4 4 8 0 0 , 5 0 2
6 IV hepa r in in j ec t i on
8 2 4 5 3 8 7 5 , 0 5 8
1 0 2 5 2 8 9 0 1 , 8  13

1 2 1 4 2 8 6 3 , 7 8 3
1 0 1 7 7 3 7 1 4 , 9 8 0
2 0 1 6 8 6 6 7 9 , 8 9 6
3 0 1 5 8 2 6 3 7 , 9 5 7
3 1 IV hepa r in in j ec t i on
3 3 1 7 2 7 6 9 6 , 4 3 0
3 5 1 7 1 2 6 9 0 , 3 8  1

F u l l y - f e d  4 w e e k  o ld  b r o i l e r  c h i c k e n s  w e re  i n j e c t e d  v i a  t h e  w i n g  v e in  w i th  
l a c t o p e r o x i d a s e  i od in a t ed  Ca l -11  ( l x l O 6 dpm [125I ] - IgG) .  T h e  level  o f  r ad ioac t i v i t y  in 
t he c i r cu l a t i on  was  de t e r min ed  in ser ia l  b lood  s am p le s  befor e  and  a f t er  an  i n t r avenous  
in j ec t i on  o f  hepa r in  (1000  un i t s /Kg) .  P l a s m a  v o lu m e  was  a s s um ed  to be  4 .7 %  o f  body  
w e ig h t  (Gr i f f i n  e t a l., 1989) .

In the case  of  Bird 1, fo l lowing  a 5 min per iod of  c i rcula t ion in the 

b loods t ream , 13% of  the iodina ted  Cal-11 (ie: 125 ,212 dpm)  had been 

r e m o v e d  from the circulat ion.  Of  this, 101,421 dpm (81%) was released 

back into the b loods t r ea m  wi th in  4 min o f  an i n t r a v e n o u s  heparin  

inject ion.  In the case of  Bird 2, fol lowing a 30 min pe r iod of  ant ibody 

c i rcu la t ion  in the b loods t ream ,  26% of  the r a d io io d in a te d  Cal-11 (ie: 

225 ,8 26  dpm)  was rem o v e d  from the circu lat ion .  O f  this,  on ly  56 ,456 

dpm  (25%)  was re leased  back into the circula t ion within 4 min of  an 

i n tr avenous  inject ion of  heparin  (Table  5.2).  It was found  that in all 

sam ples  > 9 7 % of  the m e a s u r e d  rad ioac t iv i ty  in the b loods t ream  was 

p r e c i p i t a b l e  w i th  t r i c h l o r o a c e t i c  ac id .  T h i s  i n d i c a t e s  th a t  l i t t l e  

d e g r a d a t i o n  o f  the a n t ib o d y  occu rs  ov e r  the t im e  p e r i o d  o f  the 

e x p e r i m e n t .

7 8



5.4 DI SCUSSI ON

The  cha rac te r is t ic s  of  Cal-11 m ade  it useful  fo r  the w ork  desc r ibed  in 

this Chapte r .  This  is shown by the rapid binding  and inhibi t ion of  LPL 

activi ty  in vitro  (section 5.3.2)  and the high react ivi ty  o f  Cal-11 towards  

LPL ,  af te r  iod ina t ion  us ing  the l ac toperox idase  m e th o d  (sect ion  5.3.3) .  

T he  release  by heparin of  iodinated Cal-11 both in v i tro  (sect ion 5.3.4)  

and  in v ivo  ( sec t ion  5.3.5 )  shows  that  r ap id  spec i f ic  b in d in g  of  the 

ant ibody to capil lary associated  L PL  does occur.

The  low level o f  funct ional  hepa rin -re leasab le  LPL in the pe rfused  heart  

system (Chapte r  4) m ade  it less than ideal  as a model  system for  the i n  

v i t r o  tes t ing of  iodinated Cal-11 and perhaps this a lone may  explain the 

low levels  of  specif ic  (heparin rel easab le)  b in d in g  in re la t ion to non ­

s p e c i f i c  ( h e p a r in  r e s i d u a l )  b in d in g .  T h e  c h l o r a m i n e  T i o d i n a t e d  

prepara t ions  of  Cal-11 serve as a sui table  control  fo r  these experiments  

because  the same  IgG m ole cu le  was labe l led with the same subs tance  

e x c e p t  u s ing  a p ro ce d u re  which  r educes  the spec i f ic  b ind ing  o f  the 

an t ib o d y  to the an t i gen  (F ig 5.3) .  Such p rep a ra t i o n s  w h e n  p e r f u s e d  

t h ro u g h  i so l a te d  hea r t s  s h o w e d  no h e p a r i n - r e l e a s a b l e  b in d in g  whi le  

p r o d u c i n g  c o n s i d e r a b l e  a m o u n t s  o f  n o n - s p e c i f i c  ( h e p a r i n - r e s i d u a l )  

b ind ing  (T ab le  5.1).  This  ind ica ted  that  the hepa r in - re lea sab le  b in d in g  

o f  l a c t o p e r o x id a s e  io d in a te d  Cal-11 is indee d  the r esu l t  o f  speci f ic  

binding to LPL.

One  o f  the few p rec e de n ts  for  the p resen t  s tudy  was  the w ork  of  

H u e t t i n g e r  et al. (1984)  who  r e p o r t ed  the use o f  a r a d io l a b e l l e d  

m onoc lona l  an t ibody to es t imate  the num ber  o f  LDL receptors  in vivo.  

The  rate  of  c l e a ra n c e  of  l ac to p e ro x id as e  io d in a te d  Cal -11  from the 

b loodst ream of  broi lers  in vivo  is s imilar  to that ob tained by Hue t t inger  

et al. (1984)  with iod ina ted  an t i -L D L  recep to r  m onoc lona l  an t ibody  in 
rabb i t s  ( t ] / 2  L5 hours).  H ue t t inger  and his co -w orke rs  c onc lude d  that

the specif ic  accumula t ion  of  the ant ibody by the t issues  depends  on the 

recyc l ing  proper ty  of  the LDL receptor .  The  LDL receptor  cycles  in and 

out  of  the cells about  once every 10 rnin (Goldstein et al. (1979).  If a 

monoclona l  ant ibody is bound to the receptor,  it moves into the cell with 

the recep to r  and is depos i t ed  in an e ndosom e  where the L D L and the 

an t ibody  d i ssoc ia te  f rom the receptor .  The recep to r  then returns  to the
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surface  to bind m ore  L D L  and  ant ibody.  The  rad io labe l led  ant ibody in 

the e n d o s o m e s  is even tu a l ly  t rans fe rred to ly sosom es  and  degraded ,  the 

rate  o f  u p take  and  d e g ra d a t io n  be ing p rop o r t io n a l  to the n u m b e r  of  

r ecyc l ing  receptor s .  A l though  small  amounts  o f  [ 1 2 5 I] de r ived  from the 

d e g ra d e d  a n t ibody  m ay  s low ly  be t ranspor ted  f rom the cell ,  ove r  the 

exper im en ta l  pe r iod  the t issues  will  gradua l ly  accum ula te  label  f rom the 

p l a s m a .

H ow e ver ,  in the case  o f  LPL ,  an t ibody  b ind ing  to the e n z y m e  at the 

c a p i l l a r y  e n d o t h e l i u m  in v ivo  will  e v e n tua l ly  be r e l e a s e d  in to  the 

c ircu la t ion  and deg raded  by the liver. In the i so la ted  per fused  rat  heart  

L PL  at the capi l la ry  endo the l ium  is tu rned  ove r  with a t ] / 2  ° f  10 m i n 

( B a g b y ,  1983) .  T h e r e f o r e ,  d e s p i t e  s i m i l a r  c l e a r a n c e  r a t e s ,  the 

ex tr ahepa t ic  t issues will not accum ula te  ant i -LPL  ant ibodies  to the same

extent  as an t i -LD L recep to r  antibodies.

In the case o f  an t i -LPL antibodies,  longer  per iods of  ant ibody circulat ion 

in the b lo o d s t r e a m  will  not  r esu l t  in an i n c r e a s e d  a c c u m u la t io n  of  

speci f ica l ly  bo u n d  an t ibody  presen t  in the ex tr ahepa t ic  t issues .  Th is  is

s h o w n  by the p e r c e n t a g e  o f  i o d i n a t e d  C a l -11  c l e a r e d  f rom  the 

b loods t ream  which  can be r e leased  by heparin  af ter  c i rcu la t ion  per iods 

of  5 and  30 min. Fo l lo w in g  a 5 min circu lat ion  per iod ,  81% o f  the 

an t ibody  taken up from the b loodst ream was released by heparin,  while  

af ter  a 30 min circu lat ion  per iod,  this pe rcen tage  is 25%. A l though ,  in 

both cases ,  this rep resen ts  a s imi lar  pe rcen tage  o f  the or iginal  ant ibody 

level in the bloodstream, 11% and 7% respectively.

The  init ia l  a im of  the s tudy was to achieve  sa tura t ion bind ing  o f  the 

func t iona l  poo l  of  L PL  ac t iv i ty  by io d in a te d  a n t ibody  in the who le  

an im al .  H o w e v er ,  in v itro  s tudies desc r ibed  in sect ion 5.3.2 ind ica ted  

that,  for  saturat ion binding of  the ant ibody to the enzyme,  a large mola r  

excess  o f  ant ibody to LPL is required. The  0.5 uni ts of  enzym e  activity 

used  in the s tudy ,  which  r e p r e s e n te d  a p p ro x im a te ly  25 ng of  LPL

pr o te in  ( G e r s h e n w a l d  et al.,  1985), requ i red  20 p g  of  Cal-11 IgG to 

produce  90% inhibi t ion o f  enzym e  activity.  S imila r  resul ts  were repor ted 

by G e r s h e n w a ld  et al. (1985)  who found  that  with a p re - incuba t ion  of  

18 hours at 4°C, 9 p g  of  Cal-11 (purified on an LPL-aff ini ty  column)  was 

r equ i red  for  the c om ple te  inhibi t ion o f  51 ng o f  pur if ied  LPL.  This  

c o r r e l a t e s  w i th  p r e v i o u s  e x p e r i m e n t s  in v ivo  w h ic h  have  used
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po ly c lo n a l  (B e n s a d o u n  and  K o m p ian g ,  1979; Gri ff in  et al.,  1989) and 

m onoc lona l  (Go ldberg  et al., 1988a) an t i -LPL ant ibodies  to rapid ly block 

the ca tabo l i sm  of  p lasm a  l ipoproteins .  In all these cases  mola r  excesses  

o f  ant ibody to funct ional  L PL  levels were in jec ted  to produce  saturat ion 

b inding  of  the ant ibody to the enzyme.  Go ldbe rg  et al. (1988a)  infused  

200  m g  o f  p o lyc lona l  or  4-8 m g  of  m o n o c lo n a l  a n t i - L P L  IgG into 

C y n o m o l g u s  m o n k e y s  at hour ly  in te rval s  to cause  acu te  inh ib i t ion  of  

LPL activity.  Therefore ,  in the presen t  s tudy, t race (36 ng) quant i t ies  o f  

an t i -LPL  m onoc lona l  IgG were used  in an at t empt  to achieve  rap id  and 

com ple te  up take  of  the antibody.

From the data  obta ined by the prel iminary in vivo studies (Table  5.2),  if 

a c i r cu la t ion  t ime of  5 m in u tes  is fo l low e d  by vascu la r  pe r fus io n  to 

r em o v e  the large am oun t  of  non -bound  an t ibody  (87% of  the injected

dose) ,  the res idua l  t issue  label (13% of  the in jec ted  dose)  wou ld ,  in 

th e o r y ,  c o m p r i s e  m a i n ly  o f  s p e c i f i c a l l y  b o u n d  a n t i b o d y .  V a s c u l a r  

pe r fus io n  of  all o rgans  excep t  the lungs  can be p e r fo rm e d  us ing the 

m e th o d  of  Haya t  (1981)  w hereby  hepa r in ized -sa l ine  is in t ro d u c ed  into

the left ventr ic le  under  pressure of  120 m m H g  and vented  via  the vena 

cava. How ever ,  vascu la r  perfusion  of  broilers ,  us ing heparin  as an an t i ­

c o a g u la n t  re su l t s  in m a n y  t is sues  r e p e r fu s i n g  poo r ly  and  w i th  high

ind iv idual  var ia t ion (M. Gent le ,  pe rsona l  com m un ica t ion ) .  This  problem 

w o u ld  be exace rba te d  by the om iss ion  of  heparin  f rom the pe rfus ion  

m ed iu m ,  which w ou ld  be a r equ i r em e n t  for  any  s tudies  of  func t ional  

LPL.

The  p rob lem  of  large am oun ts  of  n o n -b o u n d  an t ibody  presen t  in the 

b loods t ream may  al ternat ively be overcome by the use o f  a double  label 

in jec ted  s im u l taneous ly  with the iod ina ted  Cal -11 .  E i ther ,  n o n - im m u n e  

m ouse  t 1 3 1 1J - IgG (Huet t inger  et al., 1984) or  [5 1 Cr] label led red bloodcells 

( W a l l i n d e r  et al., 1984)  may  po ten t ia l ly  be used.  This  w ou ld  enable  

specif ic  an t ibody  b ind ing  wi thin t issues to be ca lcu la ted  in re la t ion to 

non -bound  an t ibody present  in the t issue blood vo lume.  How ever ,  it is 

unl ikely w he ther  the max imal  11% specific b inding  (of  the l x lO ^  dpm 

injected) achieved in v ivo  us ing Cal-11 would  be sufficient to a llow such

studies  to proceed.
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CHAPTER 6

IM M UNOLOCALIZATIO N AND IMMUNOQUANTITATIO N OF LPL IN 

CHICKEN CARDIAC TISSUE

6.1 INTRODUCTION

The  m e a s u r e m e n t  o f  L P L  ac t iv i ty  r e l e a se d  from the i so la ted  ch icken  

hear t  by pe rfus ion  with heparin ,  r epo r ted  in Chap te r  4, show ed  that  a 

re la t ively  small  percen tage  (2.7%) of  the total t issue LPL activi ty , based 

on the c r i t e r ion  of  heparin  r e leasab i l i ty  at least ,  was  loca ted  at the 

lu m in a l  su r f a c e  o f  the ca p i l l a ry  e n d o th e l iu m .  It, t h e re fo re ,  be c am e  

im por ta n t  to inves t iga te  the overal l  loca t ion o f  the LPL wi thin ch icken  

card iac  t issue.  For  this purpose ,  the t echn ique  o f  im m u n o cy to c h e m is t ry  

us ing ant i -ch icken  L PL  an t ibod ies  was appl ied and  the resul ts  of  such 

s tudies in the chicken heart  are descr ibed in this Chapter.

im m unocy toc he m is t ry  was first  used to local ize  LPL by Pedersen  et al.,  

(1983)  in a study of  the rat heart.  In that s tudy the funct ional  pool  of  

LPL was v i sua l ized in hearts  pe r fused  with p r im ary  an t i -L PL  ant ibody,  

s e c o n d a r y  p e r o x i d a s e  c o n j u g a t e d  a n t i b o d y  and  d i a m i d i n o b e n z i d i n e  

s u bs t r a te  fo l l o w e d  by e lec t ron  m ic r o g ra p h ic  o b s e rv a t io n .  A pos i t ive  

co r re la t ion  was fo u n d  be tw een  the am o u n t  of  i m m u n o re a c t io n  product  

p r e s e n t  in the hea r t s  o f  rats  u n d e r  va r ious  nu t r i t i o n a l  s ta tes  and  

prev ious ly  obse rved  changes  in heparin -re leasab le  LPL act ivity .  Tha t  is 

to say, the e s t im a ted  pe rcen tage  c ove rage  o f  im m u n o re a c t io n  product ,  

i ncreased  in fat  fed rats and  dec reased  in g lucose  fed rats.  H ow ever ,  

desp i t e  these  f ind ings  the m e th o d  has  been c r i t i c i sed  (V i la ro  et al . ,  

1988)  b e c au s e  o f  the pos s ib l e  high levels  o f  n o n - sp e c i f i c  an t ibody  

binding.  In part ial  support  of  these cr i t ic isms,  re la t ive ly  high levels  of 

non - spe c i f i c  an t ibody  b ind ing  were  f o u n d  fo l lo w in g  the pe r fus ion  of  

iod ina ted  n o n - im m u n e  IgG th rough i so la ted  ch icken  and rat  hear ts  in 

the present  s tudy (Chapter  5).

O the r  im m u n o c y t o c h e m i c a l  s tudies  have  been ca r r ied  out  on a m ore  

q u a n t i t a t i v e  bas is  by B l a n c h e t t e - M a c k i e  et  al .  (1989) ,  who used  the 

t ec h n iq u e  o f  i m m u n o g o ld  labe l l ing  fo l lo w e d  by e lec tron  m ic ro g ra p h ic  

obse rva t ion  to loca l ize  L PL  in the hear ts  o f  m ice  at a ce l lu la r  and 

subcel lula r  level. In par ticular ,  they found that for  mice  in the fed state,
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78% of  the specif ic  ant ibody binding was found over  the myocytes ,  3-6% 

in the ex tr ace l lu la r  space  and  18% over  the cap i l la ry  endo the l ium  (ie: 

f rom b a s e m e n t  m e m b r a n e  to lum ina l  cell  su rface) .  The  L P L  in the 

myocy tes  was found  to be loca ted  in the sa rcop lasmic  ret icu lum, Golgi  

vesicles  and  secretory vesicles  at the cell per iphery.  The  LPL found  in 

the e x t r a c e l l u l a r  sp a c e  was  p r e s e n t  nea r  the o p e n i n g  o f  m y o c y t e  

s e c re to ry  ve s ic les  and  in the space  b e tw e en  the m y o c y t e s  and  the 

cap i l la ry  endo the l ium . At  the endo th e l iu m ,  the h ighes t  de ns i ty  o f  gold 

pa r t ic les  was  at the su r face  o f  lum ina l  p ro je c t ions  with the lowes t  

d e n s i ty  at the basa l  p l a s m a  m e m b r a n e .  Fa s t i n g ,  wi th  i ts a t t e n d a n t  

increase  in total  ca rdiac LPL activity,  resu l ted  in a 2 .7- fold increase  in 

overa l l  labe l l ing ,  with the g rea tes t  increase  (5-fo ld)  o c c u r r in g  at the 

su rface  of  in tr a lumina l  endothe l ia l  pro jec t ions .

M ore  recent ly ,  Camps  et al. (1990) im m uno loca l i zed  LPL in the cardiac 

t issue o f  fu l ly -fed gu inea  pigs and found  im m u n o f lu o re s c e n c e  over  the 

capi l lary wal ls ,  at the per iphery of  muscle  cells and at the endothe l ium 

of  larger  blood vessels.

T h e  w o r k  in th is  C h a p t e r  c o v e r s  the  i m m u n o l o c a l i z a t i o n  and  

im m unoquan t i ta t ion  of  LPL in the ch icken  m yoca rd ium  us ing  a purif ied 

sheep  a n t i - c h i c k e n  L P L  po lyc lona l  a n t ibody  and  m u r in e  a n t i - ch icken  

L P L  m o n o c l o n a l  a n t i b o d ie s .  P r o d u c t i o n  o f  t h e s e  a n t i b o d i e s  was  

d esc r ibed  in Chap te r  3. Com par i son  o f  the amounts  o f  LPL assoc ia ted  

w i t h  t h e  c a p i l l a r y  n e t w o r k  a n d  m y o c y t e  b a s e m e n t  

m e m b r a n e / e x t r a c e l l u l a r  m a t r ix  was  ac h ie v e d  us ing  im a ge  ana lys i s  to 

m ea s u re  the a rea  cove red  by im m unore a c t ion  p roduc t  and  the relat ive  

intensi ty  of  im m unos ta in ing  over  each  of  these com par tm en ts .

Many  of  the prev ious  s tudies  on the immunoloca l i za t ion  of  LPL resul ted 

in poor  his to log ical  preservat ion  o f  the sect ions because  of  the use of  

low t i t re  a n t ib o d ie s  which  r e q u i r e d  the inc lu s io n  o f  d e te r g e n t s  in 

i n c u b a t i o n  b u f f e r s  a n d  l o n g  i n c u b a t i o n  p e r i o d s .  S i g n i f i c a n t  

im p r o v e m e n t s  in the sens i t iv i ty  o f  im m u n o s t a in i n g  were  ac h ie v e d  in 

the p re s e n t  s tudy  by the d e v e lo p m e n t  o f  h igh  t i t re  p o ly c lo n a l  and 

m onoclona l  ant i -chicken LPL antibodies.  Im provem en t  in the qua l i ty  of  

the sect ions  was also ob ta ined  by the inc lus ion  o f  an acetone  f ixat ion 

s tep  r a th e r  than the use o f  e i the r  p a r a f o r m a l d e h y d e  as a f ix a t ive  

( C a m p s  et al., 1990; Jensen et al.,  1991) or the omission of  a fixat ion step
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( J o n a s s o n  et al., 1984; Fager  et al., 1990).

6.2 MATERIALS AND METHODS

6.2.1 Puri f ica t ion  o f  sheep IgG  by pro te in  G af fini ty  c h rom atography

10 ml o f  the sheep  an t i -ch icken  L P L  reca lc i f ied  p lasm a ,  p r o d u c e d  as

de tai led  in sect ion 3.2.1, was cen tr i fuged and f i l tered through a 0 .22  p m  

m em brane  (Gelman Sciences Ltd.,  Nor tham pton ,  UK).  It was then loaded,  

at a f low rate of  0.5 ml  per  minute,  onto a 5 ml co lum n o f  Protein G- 

S epha rose  (Pha rm ac ia  LKB Bio techno logy ,  Uppsa la ,  Sw eden)  p rev ious ly  

equ i l ib ra ted  with 20 m M  sodium phospha te  buffer ,  pH 7.0. The  co lumn 

was then washed  with 1 0  co lumn volumes  of  equi l ibrat ion  buf fer  before  

the bound  IgG was eluted using 0.1 M glycine-HCl  buffer , pH 2.7. The 

elu ted frac t ions  (1.0 ml) were col lected  into tubes conta in ing  1 M Tris- 

HC1 b u f fe r  (pH 9.0) ,  such  that  the f ina l  pH o f  the f rac t ions  was 

a p p ro x i m a t e ly  neutral .  F rac t ions  e lu ted  by the low pH buf fe r  which 

c o n ta in e d  IgG (as de te rm in e d  by abso rbance  at 280 nm) were  pooled  

and  s to red  in a l iquo ts  at  -70°C.  At  each  s tage o f  the p u r i f ic a t ion

procedure ,  samples  were ana lysed by S D S -P A G E  (as descr ibed  in sect ion 

2.2.5)  to mon ito r  the protein consti tuents .  The  same p rocedure  was used 

fo r  the p u r i f i c a t i o n  o f  the IgG f ra c t ion  f rom n o n - i m m u n e  sheep  

recalcified p lasma for use as a control.

6.2.2 A bsorp t ion  o f  sheep  ant i -chicken  L P L  IgG on a co lumn containing  

i m m o b i l i z e d  ch icken  p la s m a  pro te in .

T o  r educ e  po ten t ia l  non -spec i f i c  in te rac t ions ,  the p u r i f ie d  sheep  IgG 

(section 6 .2 . 1 ) was exposed  to chicken p lasm a  proteins  imm obil ized  on a 

sol id  phase  support .  For  this, 2 .4  g o f  C y a n o g e n - B r o m i d e  ac t iva ted  

Sepharose  4B (Sigm a Chemica l  Co.) was washed  and hydrated  overn ight  

in 15 ml of  1 m M  HC1, at 4 l'C. The  gel was then washed  and resuspended

in 15 ml of  0.1 M N a C 0 3 / N a H C 0 3  buffer, pH 8.0, and mixed  with 2 ml of

whole pl asma from a six week old broi ler chicken.  The  mixture  was then 

incuba ted  at 4°C ove rn igh t  with con t inuous  s ti rring. A f te r  w ash ing  the 
gel with 0.1 M N a C 0 3 / N a H C 0 3  buffer,  any remain ing  react ive groups on 

the matr ix  were deamina ted  by the addi tion of  0.75 ml of  e thanolamine.  

The  mix tu re  being  incuba ted  with s ti rring for  4 hours at 4°C. The  gel 

was then washed  with 200 ml of  dist il led water,  200 ml o f  1.2 M NaCl 

and again with 2 0 0  ml of  dist i l led water  before being packed  into a 1 0  

ml co lumn.  After  equi libration with PBS, the column was loaded  with 7.5
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mg o f  pur if ied sheep IgG di sso lved  in 2.0 ml of  PBS.  The  co lum n was 

e lu ted  with PBS and the fract ions con ta in ing  sheep IgG,  de te rm ined  by 

the absorpt ion m easu red  at 280 nm, were pooled  and s tored at -70°C at 

a pro tein concen tra t ion of  2  mg/ml.

6.2.3 Western  blo t t ing a n d  im m unode tec t ion  o f  L P L

T h e  so lu b i l i za t ion  o f  the L P L  p rese n t  in ac e tone  d i e th y l - e th e r  d r ied  

p o w d e r s  o f  c h ic k e n  ca rd iac ,  ad ip o s e  and  l ive r  t is sue  ( p r e p a r e d  as 

d e sc r ibed  in sect ion 2 .2 . 1 ) was ach ieved  by h o m o g en iz in g  the powders  

in 10 m M  phospha te  buf fer  (pH 6.5) con ta in ing  30% (v/v)  glycerol  and

1.2 M NaCl,  as descr ibed  in sect ion 2.2.3.  Before  prepara t ion  for  SDS- 

PA G E,  the extracts  were dialysed against  10 m M  phospha te  buffer ,  pH 

6.5, con ta in ing 30% (v/v) glycerol  to reduce the NaCl concentrat ion.  SDS- 

p o l y a c r y l a m i d e  gel e l e c t r o p h o r e s i s  was ca r r ie d  ou t  as d e s c r i b e d  in 

sect ion 2.2.5. The t ransfer  o f  proteins  from SDS polyacry lamide  gels onto 

ni t rocel lulose  (Schleicher  and Schuell ,  Dassel ,  G ermany)  was achieved by 

s e m i - d r y  w e s t e r n  b l o t t i n g  u s in g  a e l e c t r o p h o r e t i c  t r a n s f e r  un i t  

(M ul t iphor  II Novablo t  21 17-005, LKB, Stockholm ,  Sw eden) .  The  buffer  

system was as follows:  30 mM Tr is /HCl buffer,  pH 10.4, conta in ing  20% 

(v/v)  m e th a n o l  (Anode  buf fe r  1), 25 m M  Tr is /H C l  buffer ,  pH 10.4, 

con ta in ing  20% (v/v)  methano l  (Anode  buf fe r  2) and  25 m M  Tr is /HCl  

buffer ,  pH 9.4,  con ta in ing  20% (v/v) methano l  and 40 m M  6 - amino-n-  

h e x a n o ic  ac id  ( C a th o d e  buf fe r ) .  The  t r a n s fe r  was  a c h i e v e d  at 0.8 

m A / c m 2 for  50 min and the ni t rocel lulose sheet  was then washed  and 

placed into PBS.  The ni t rocel lulose was then incuba ted in PBS containing 

0.5% Tw een -20  for  2 hours  at 20°C to block any rem ain ing  react ive sites 

and  then incuba ted  overn ight  at 4°C with pur if ied  abso rbed  sheep an t i ­

ch icken  LPL IgG (4gg /m l)  di lu ted  in PBS con ta in in g  0 .05%  Tw ee n -20  

(PBS-T) .  Af ter  subsequen t  wash ing  with PBS-T,  the n i t rocel lu lose  sheet  

was incuba ted  for  2 hours  at 20°C wi th  b io t i n y l a t e d  a n t i - s h e e p  IgG 

an t ibody  (Sigm a Chemica l  Co.) di lu ted  (1/500 v/v) in PBS-T.  Fo l lowing 

washes  in PB S-T ,  the ni t rocel lu lose  was incuba ted  subsequen t ly  (for  1 

hour  at 20°C) with s t r ep tavad in -perox idase  c om plex  (A m ersha m  Int pic.,  

A m e rsha m ,  Bucks,  UK) di lu ted (1/200 v/v) in PBS-T.  An t ibody  binding  

was  v i s u a l i z e d  by in cu b a t io n  in 50 m M  T r i s /H C l  buf fe r ,  pH 7.6,  

c o n t a i n i n g  4 - c h l o r o - 1 - n a p th o l  (0.5 p g / m l )  and  30% (v/v)  h yd rogen  

pe rox ide  ( 1  ¡ il /ml) ,  the reac t ion  being  s to pped  by w ash ing  in dis t i l led  

wate r .  T h e  pa t t e rn  o f  total  protein bound  to the n i t roc e l lu lo se  was 

d e t e r m i n e d  by s ta in ing  using 0.1% (w/v) am ido  b lack in 50% (v/v)
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m ethanol ,  10% (v/v) acet ic  acid and des ta ined  with 90% (v/v) methanol ,  

2 % (v/v) acet ic acid.

6.2.4 S ta in in g  o f  c r y o s ta t  s e c t i o n s  us ing  i m m u n o f l u o r e s c e n t  l a b e l l e d  

s e c o n d a r y  an t ibod ies .

T h e  c h i c k e n  lef t  v e n t r i c u l a r  m y o c a r d i u m  was  r e m o v e d  an d  t is sue  

segments  (0.5 cm cubes)  were f rozen  in i sopen tane  c oo led  us ing l iquid 

n i t r ogen ,  the b locks  o f  t is sue be ing  subseq u e n t ly  s to red  at -70°C in 

sealed containers .  Tissue  sect ions of  10 p m  thickness  were cut f rom the 

b locks  us ing  a cryos ta t  (Br igh t  Ltd,  UK.)  at -26°C.  The  sect ions were 

m o u n te d  on to s lides  prev ious ly  coa ted  with 0.1% po ly -L- lys ine  (S igma 

Chemica l  Co.) and  f ixed by immers ion  in acetone for  5 rnin at -20°C. The 

m o u n t e d  sec t ions  were  then  in c u b a t e d  fo r  15 m in  with 20%  (v/v)  

normal  serum (Scot tish Antibody Product ion Unit,  Law Hospi ta l ,  Carluke,  

L a n a rk s h i re )  in PBS,  to sa tu ra te  any  non - spe c i f i c  IgG b ind ing  sites 

presen t  in the t issue. In all cases ,  re fe rence  to normal  serum refers  to 

serum from the species  which was the dono r  o f  the second  an t ibody  

p repara t ion .  Sec t ions  were  then in cu b a ted  for  2 hours  at 20°C with 

pr imary  ant ibody preparat ions,  ie: sheep ant i -chicken LPL IgG (4 p g / m l )  

or the an t i - ch icken  LPL monoclona l  ant ibody,  Cal-11 (1 p g / m l )  d i lu ted  

in PBS conta in ing  10% (v/v) normal  serum.

For  de tec t ion  o f  an t ibody  b ind ing  by im m u nof luo re sc e nce ,  the sect ions 

were washed  with PBS and  incuba ted  for  1 hour  at 20°C with ei ther  

an t i - sheep  or  an t i -mouse  IgG -F IT C  ant ibody con ju ga te  (S igma Chemica l  

Co.)  d i lu ted  1/100 (v/v)  in PBS con ta in ing  10% (v/v)  no rm a l  serum. 

Sec t ions were then washed  with PBS (3 changes  each of  15 min)  and 

m o u n t e d  in 90%  (v/v)  g lyce ro l  and  2 .5 %  (w/v)  1,4 d ia z a b ic y c lo -

[2.2.2]octane in PBS.

In c e r t a in  e x p e r i m e n t s  the s t ru c tu ra l  de ta i l  o f  s e c t ions ,  p r e v io u s ly  

im m unos ta ined  for  LPL,  was p rovided  by the use of  one  of  the following 

m e t h o d s .  In s o m e  c a s e s ,  the  n u c l e i  o f  t i s s u e  s e c t i o n s  w e re  

c o u n t e r s t a i n e d  wi th  d i a m i d i n o  p h e n y l  in d o le ,  D A P I ,  (1 p  g/m 1 in 

Macl lvane 's  buffer,  0.62 M citric acid and 0.77 M iNh^HPOq,  pH 4) for 1 

hou r  at 20°C  in the da rk .  T he  lum ina l  s u r f a c e  o f  the v a s c u la r  

e n d o th e l iu m  was labe l led  in some sect ions  by pe r fu s in g  the iso la ted  

ch ic k e n  hear t  with c o n c a n a v a l in  A - F I T C  c o n ju g a t e  (as d e s c r ib e d  in 

sect ion 4.2.5)  pr ior to cryosec t ioning  and im m unos ta in ing  for LPL.
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For  the d e tec t ion  o f  e ndo the l ia l  cells  in som e  e x p e r im e n t s ,  speci f ic  

l ab e l l i n g  o f  n o n - L P L  e ndo the l ia l  an t igens  was  a ch ieved .  For  this  a 

techn ique  of  double  im m unos ta in ing  was e m p loye d  in which sheep an t i ­

h u m a n  von  W i l l e b r a n d  F a c to r  (vW F)  p o lyc lona l  a n t ib o d ie s  (Sco t t ish  

A n t ib o d y  P roduc t ion  Unit ,  Law H osp i ta l ,  L a n a rk s h i re ,  Sco t land)  were 

used  at a di lut ion of  1/100 (v/v),  to identi fy the presence  of  Facto r  VIII 

r e la te d  an t igen,  an endo the l ia l  cell  m arker ,  on the sect ions.  The  anti-  

v W F  a n t ibody  was  d e te c te d  us ing  an an t i - sheep  I g G - F IT C  con ju g a t ed  

secondary  an t ibody  (Sigma Chemica l  Co.) at a di lu t ion  o f  1/100 (v/v).  

L P L  was i m m u n o s t a i n e d  on the same  sec t ion  u s ing  Cal -11  as the 

p r im a ry  a n t ib o d y  (as d e s c r ib e d  above)  and  an a n t i - m o u s e  Ig G - T e x a s  

Red secondary  ant ibody (Vector  Laboratories  Inc., Bur l ingame,  CA.,  USA) 

at a di lut ion  of  1/150 (v/v).

6 .2 .5  S ta in i n g  on  c r y o s t a t  s e c t i o n s  u s ing  the t e c h n iq u e  o f  s i l ve r -  

e n h a n c e d  i m m u n o g o l d

F o r  the  s i l v e r - e n h a n c e d  i m m u n o g o l d  s t a i n in g ,  c r y o s e c t i o n s  were  

m o u n te d  on to  s l ides  p rev ious ly  coa ted  with 1 % (w/v)  ge la t ine  which  

w e r e  then  p r o c e s s e d ,  as d e s c r i b e d  a b o v e  fo r  i m m u n o f l u o r e s c e n c e  

labell ing, up to the stage of  secondary  ant ibody addit ion. At  this stage,  

the sect ions were incubated for 1 hour  at 20°C with e i the r  b io t iny la ted  

an t i - sh e e p -  or  b io t iny la ted  a n t i - m o u s e - I g G  a n t ibody  (S ig m a  C he m ic a l  

Co.)  d i lu ted  1/200 (v/v)  in PBS con ta in ing  10% (v/v)  no rm a l  serum. 

Af te r  wash ing  in PBS,  the sect ions were incuba ted  for 1 hour  at 20°C 

with s t r e p ta va d in -go ld  (5 nm diamete r )  c om p le x  ( Janssen Life  Sc ience  

Products ,  Beerse,  Be lg ium )  d i lu ted  1/150 (v/v)  in PBS con ta in ing  10% 

(v/v)  no rm a l  serum. A f te r  wash ing ,  the sect ions  were  p o s t - f ixe d  with 

2 .5% (v/v)  g lu ta r a lde hyde  (E .M grade,  T A A B  Labora to r i e s  E qu ipm e n t  

Ltd. Read ing  U.K.)  in PBS for  15 min at 20°C and  washed  in dis t i l led  

w a te r  be fo re  incuba t ion  for  7 min in s i lver  e n h a n ce r  r eagen t  (S igma 

C h em ica l  Co.).  The  sect ions  were  then washed  in d i s t i l l ed  water  and 

post- f ixed  by immers ion  for 3 min in 3% (w/v)  sodium thiosulphate .  The 

s e c t i o n s  w e r e  t h e n  c o u n t e r s t a i n e d  by i m m e r s i o n  in M a y e r ' s  

h a e m a to x y l in  for  5 min ,  fo l low e d  by a b r ie f  exposu re  in 70 %  (v/v) 

a lcohol  c o n ta in in g  1 % (v/v)  HC1, to r ed u c e  n o n - sp e c i f i c  b a c k g ro u n d  

s taining.  The  sect ions were then r in sed  under  runn ing  tap water  for  5 

min and s ta ined by immersion for 3 min in 1% (w/v) Eosin.  The  sect ions 

were f inally dehydra ted  in graded alcohols,  c leared in C M P 30 (Pentone  

Ltd. , Craml in g ton ,  N or thumber land ,  UK) and m ounted  using DPX (BDH
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Laboratory Suppl ies ,  Poole,  UK).

6.2.6 P ho to g r a p h y  a n d  image  analys is

T h e  i m m u n o s t a i n i n g  w as  v i s u a l i z e d  a n d  p h o t o g r a p h e d  u s i n g  a 

f luorescence  pho tomicroscope  (Olympus  BH2,  O lym pus  Optical  Co,  Tokyo,  

Japan) .  F luore scen t  markers  were pho tographed  using a fas t  f i lm,  Kodak  

E k t a c h r o m e  P 8 0 0 / 1 6 0 0 ,  wh i le  the s i lve r  s ta in in g  was  p h o t o g r a p h e d  

us ing  s tandard K oda k  Ektach rom e  64-T film (Eastman Kodak,  Rocheste r ,  

NY.).

Im age  analysi s  was ca rr ied  out  on the nega t ives  ( x l6 6 .7  m agni f ica t ion)  

o f  im m u n o f l u o re s c e n t  s ta ined sect ions  us ing a c h a rg e d - c o u p le d  c a m e ra  

(Cambr idge  Inst ruments  Ltd.,  Cambridge ,  UK) l inked to a Q uan t im et  570 

i m a g e  a n a ly s i s  sy s te m  ( C a m b r i d g e  I n s t r u m e n t s  L td . ) .  Q u a n t i t a t i v e  

ana lysi s  was m ade  on 30 represen ta t ive  f ie lds  o f  view.  The  total  area 

covered  by and  the intensity  o f  im m unos ta in ing  was de te rm ined  in each 

f ie ld .  T h e  in te r s t i t i a l  c a p i l l a r y  e l e m e n t s  (ie: the e n d o th e l i a l  ce l ls ,

p e r i c y t e - l i k e  ce l l s ,  b a s e m e n t  m e m b r a n e  an d  s u b - e n d o t h e l i a l  space )  

were  then  d e f in e d  m anua l ly .  Th is  a l l o w e d  m e a s u r e m e n t  o f  the area 

c ove re d  by and  the intens i ty  o f  the im m u n os ta in ing  a ssoc ia ted  with the 

c a p i l l a r y  n e tw o rk  and  the m y o c y t e  b a s e m e n t  m e m b r a n e / e x t r a c e l l u l a r  

m a t r i x .

6.2.7 Tissue p rocess ing  f o r  e lectron m icroscopy

To gain more  in fo rmat ion  on the subcel lu lar  loca l iza t ion  o f  L P L  within 

chicken cardiac t issue and  to quant i fy  the level  o f  funct ional  LPL at the 

lumen  o f  the capi l la ry  endo th e l iu m ,  i m m u n o g o ld  labe l l ing  fo l low e d  by 

e le c t ro n  m ic r o g r a p h ic  o b s e r v a t io n  w as  a t t e m p t e d  on t is sue  sec t ions  

p rocessed  for  e lec tron  m ic ro scopy  by A ra ld i t e /L R  W hi te  e m b e d d in g  or 

u l t r a th in  c ry o s e c t io n in g .

6.2.7.1 Tissue p rocess ing  f o r  Ara ld i t e  embedd ing

1 m m  c u b e s  o f  the lef t  v e n t r i c u l a r  m y o c a r d i u m  w e re  f ix e d  by 

i m m e r s i o n  in 4 %  ( w / v )  p a r a f o r m a l d e h y d e  o r  4%  ( w / v )

p a r a f o r m a l d e h y d e  and  1 % (v/v)  g lu ta r a ld e h y d e  in 0 . 1  M p h o s p h a te  

buffer,  pH 7.4,, for 2 hours at 4"C. The  t issue was then w ashed  in PBS 

and left overn ight  in PBS,  before being incubated  with 2% (v/v) osmium 

tetroxide for 3 hours.  The t issue blocks were then washed with dist i l led 

w a t e r  and  d e h y d r a t e d  in p r o g r e s s i v e  a c e t o n e / w a t e r  m ix t u r e s  and
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incuba ted  overn igh t  in a 1:1 (v/v) mix tu re  of  acetone  and  Arald i t e  resin 

(TAAB Labora to r ie s  Equ ipmen t  Ltd. Read ing  U.K.) .  Fo l lo w in g  incuba t ion 

in a mix tu re  of  75% (v/v) Araldi te  res in , 25% (v/v) acetone for  6  hours,  

the t is sue  b locks  were  lef t  o v e rn ig h t  in 100% Ara ld i t e  res in .  Af te r  

incuba t ion  in f resh Arald i t e  for  2 hours,  the resin was po lym e r iz e d  by 

heat ing to 60°C for 48 hours.

6 .2.7.2 Tissue process ing  f o r  embedding  in LR White  resin

Hearts  were f ixed  by perfusion  for  20 min with Zam bon i ' s  f ixa t ive (4% 

(w/v)  p a ra f o rm a ld e h y d e ,  15% (v/v)  sa tu ra te d  picr ic  ac id  in PB S),  as 

d e sc r ibed  in sect ion  4.2.2.  Th is  f ixa t ive  was p r ev ious ly  found  not  to 

e ff ec t  the L P L  i m m u n o re a c t iv i t y  o f  ch icken  ca rd iac  c ryos ta t  sec t ions  

p rocessed and  label led as descr ibed in sect ion 6.2.4.  The  left ventr i cu la r  

m y o c a r d iu m  was  then  cu t  into 1 mm^ blocks  and  fu r the r  f ixed  by 

imm ers ion  in Zam bon i 's  f ixat ive for  one hour  at 4 l’C. The  blocks were 

then placed directly  into 70% (v/v) e thanol  (3 changes  for  20 min  each)  

before  being placed into a mixture  of  equal  quanti t ies of  LR W hi te  hard 

grade resin (London Resin Co, UK.)  and 70% (v/v) e thanol  for  1 hour  at 

4°C.  The  blocks were then incuba ted  with a 2:1 (v/v)  m ix tu re  o f  LR 

White  res in  and  70% (v/v) e thanol  for one hour  at 4HC and then 100% LR 

W hi te  res in for  one hour  at 4°C, before  an overn igh t  incubat ion  in f resh 

100% LR White  resin. Fol lowing a final change of  the LR White  resin, the 

resin was  e i the r  p o ly m e r iz e d  by incuba t ion  at 50°C for  24 hours  or 

acce lera tor  cu red at 0°C for  4 hours (Newman,  1989).

For  both A ra ld i t e  and  LR W hi te  e m b e d d e d  t issues  s a m p le s ,  1 pm 

sect ions  were cu t  us ing an m ic ro tom e  (U l tro to m e  III, LKB,  S tocho lm ,  

Sweden)  and  m ounted  on to gelat ine coa ted  slides. The  m oun ted  sect ions 

w e r e  then  s t a i n e d  u s in g  the i m m u n o g o l d  o r  i m m u n o f l u o r e s c e n c e  

s ta in ing techn iques  as descr ibed  in sect ions 6.2.5 and 6.2.4 respect ive ly.  

Ara ld i te  was r e m o v e d  from the t issue  sect ions  by im m ers io n  in 50% 

(w/v)  sa tura ted N aO H  in ethanol  for  10 min before  be ing  sub jec ted  to 

i m m u n o s t a i n i n g .

6 .2.7.3 Ultrcithin cryos tat  sect ioning

T he  p r o c e d u r e  fo l l o w e d  was essen t ia l ly  that  d e s c r i b e d  by T o k u y a s u  

(1980).  1 mm3 blocks o f  ch icken m yocard ium  were f ixed  for  1 hour  at 

4°C in 0.1% (v/v) gluta raldehyde in 0.1 M phospha te  buffer,  pH 7.4. The 

b locks  were  then w ashed  ove rn igh t  in PBS and  in cu b a ted  in 2.3 M
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sucrose in 0.1 M phosphate  buffer, pH 7.4, for 1 hour  at 4°C before being 

frozen in l iquid ni trogen. Ultrathin cryostat  sect ions were cu t  at - 110°C 

on a R e i c h e r t  U l t r a c u t  E m ic r o to m e  ( R e ic h e r t - J u n g ,  G e r m a n y )  and 

t ransfer red  on drops of  2.3 M sucrose to nickle  grids. Any free aldehyde 

groups present  in the sect ions were quenched  us ing  a 1 0  min  incuba t ion 

in 0 .02  M g lyc ine .  T h e s e  sec t ions  w e re  then  w a s h e d  in PBS and 

im m u n o s t a in e d  as d esc r ibed  in sect ion 6.2.5 for  im m u n o g o ld  labe l l ing  

by t r a n s f e r r i n g  the gr ids  b e tw e e n  d rops  o f  the  a n t i b o d y  r e a g e n t s  

di lu ted in PBS.  Sect ions were then t reated with 2% (w/v)  neutral  uranyl  

aceta te  and  e m b e d d e d  in 2% (w/v)  methy l  ce l lu lose  (M ethoce l ,  Fluka 

A.G.,  Buchs ,  Switzer land)  for  viewing  using an electron mic roscope  (JEM 

1005, Jeol Inc., Tokyo,  Japan).

6.3 RESULTS

6.3.1 The pur i f i ca t ion o f  sheep IgG

The IgG fract ion was pu r if ied from sheep reca lc if ied p lasm a  by a one 

s tep p rocedure  us ing  Protein G aff inity  ch rom a tog raphy  as descr ibed  in 

sect ion 6.2.1.  Analys is  of  the IgG-con ta in ing  Protein G eluate  by SDS- 

P A G E  (Fig 6.1, lane 2) r evea led the presence  o f  2 major  protein bands,  

with a p p ro x im a te  m o le c u la r  w e igh ts  o f  53 K D a  and  25 K D a .  A f te r  

ab s o rp t io n  o f  the p u r i f ie d  sheep  IgG  on  a c h ic ke n  p l a s m a  p ro te in -  

column,  as descr ibed in sect ion 6 .2 .2 , the same 2  bands were evident  as 

the m ajo r  cons t i tuents  by S D S -P A G E  (lane 1). Because  the gel was run 

under  reduc ing  condi t ions,  the protein band  o f  higher  m olecu la r  weight  

co rresponds  to the com ponen t  sheep IgG heavy chains ,  while  the protein 

band  o f  low er  m o le c u la r  w e igh t  co r r e s p o n d s  to the c o m p o n e n t  l ight 

ch a in s .

6.3.2 I m m u n o b lo t t i n g  o f  ch icken  t issue ex trac ts  wi th  sheep  an t i - ch icken  

LPL IgG

I m m u n o p r o b i n g  so lub le  ex tr ac t s  o f  a c e to n e  d i e t h y l - e th e r  p o w d e r s  of  

ad ipose  t is sue,  hear t  and  l iver  with a b so rbe d  sheep  an t i -ch icken  LPL 

polyclona l  IgG revea led  the p resence  of  im m unoreac t iv i ty  in the fo rmer  

two t issues  only (Fig 6.2). The  major  pro tein band  ident i f i ed in adipose 

t issue and hear t  corresponds  in molecula r  we ight  (ie: 61 KDa) to that  of  

purif ied  ch icken  L PL  (sect ions 2.3.2 and 2.3.3).  This  confirms  that there 

w a s  no  d i f f e r e n c e  in  t h e  m o l e c u l a r  w e i g h t  o r  a p p a r e n t  

im m unore a c t iv i ty  be tw een  L PL  de r ived  from ch icken  hear t  and ad ipose
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Figure 6.1 Analysis by polyacrylamide gel electrophoresis of samples 
obtained during the purification of the IgG fraction from 
sheep recalcifed plasma.

66.0KDa

45.0KDa

36.0KDa

29.0KDa

24.0KDa

14.2KDa

Samples were obtained at each stage in the purification and absorption procedures of 
the IgG from sheep recalcified plasma, described in sections 6.2.1 and 6.2.2  
respectively. The samples were analysed by SDS-PAGE under reducing conditions on 
a 12% polyacrylamide gel, as described in section 2.2.5, with amounts o f protein 
indicated per lane.
Lane 1. purified sheep IgG following adsorption on a chicken plasma protein-column 
(30 ug). Lane 2. Sheep IgG eluted from a protein-G affinity column (45 pg).
Lane 3. Electran molecular weight markers (Sigma Chemical Co.).



Figure 6.2 Immunoblotting of solubilized extracts of chicken liver, 
cardiac and adipose tissue acetone diethyl-ether dried 
powders using absorbed sheep anti-chicken LPL IgG

1 2 3 4 5 6 7

- 200.0KDa -

- 92.5 KDa -

- 69.0 KDa -

- 46.0 KDa -

- 30.0 KDa -

-.21 .5  KDa -

- 14.3 K D a -

Lane 1. adipose tissue Lane 5. adipose tissue
Lane 2. cardiac tissue Lane 6. cardiac tissue
Lane 3. liver Lane 7. liver

Lane 4. Rainbow molecular weight markers (Amersham Pic.).

LPL was extracted from chicken tissue acetone diethyl-ether dried powders using 10 
mM phosphate buffer (pH 6.5) containing 1.2 M NaCl and 30% (v/v) glycerol. The 
extracts were then dialysed overnight against this buffer without NaCl before being 
prepared for SDS-PAGE, as described in section 2.2.5, with 20 pg o f protein being 
loaded into each well. LPL was detected after western blotting onto nitrocellulose by 
incubation with purified and absorbed sheep anti-chicken LPL IgG (Lanes 4-6) or by 
incubation with non-immune sheep IgG purified and absorbed in an identical fashion 
(Lanes 1-3). The position of the proteins of known molecular weight was determined 
by staining the nitrocellulose strip with amido black, as described in section 6.2.3.



t issue.  The  m ino r  band  iden t i f ied  by the ant ibody in the samples  o f  both 

t issue extracts  co r re sponded  in m o lecu la r  we igh t  (35 KD a)  to a known 

breakdown product  of  L PL  (Kern et al., 1988; Socorro  and Jackson,  1985) 

and was also obse rved  in highly  pur if ied p repara t ions  o f  ch icken  hear t  

LPL  (Fig 2.4).  The  lack o f  detectable  L PL  im m unore a c t ive  mass  in the 

l iver  o f  5 week  old broilers  correlates  with the lack o f  m easu rab le  LPL 

activity in the l iver  at this age repor ted  by Guo et al. (1988) .

From these resul ts  it was  conc luded  that  the processes  o f  imm uniza t ion ,  

pu r if ic a t ion  and abso rp t ion  in the p roduc t ion  o f  the sheep an t i -ch icken  

LPL IgG resul ted in an ant ibody which was highly specif ic  towards LPL 

and p o te n t ia l ly  su i t ab le  for  the i m m u n o d e t e c t i o n  o f  the e n z y m e  in 

t is sue  sec t ions .  Th i s  p r o c e d u r e  c o u ld  not  be r e p e a t e d  to test  the 

specif ici ty  of  Cal-11 s ince previous invest igat ions by G e r shenw a ld  et al. 

(1985)  found  that  the ant ibody did not  de tec t  L P L  by imm unob lo t t ing ,  

p robab ly  due to the loss or  masking  of  the specific epi tope involved.

6.3.3 I m m u n o c y t o c h e m ic a l  loca l izat ion o f  LPL

W hen  sec t ions  o f  ch ic ken  lef t ve n t r i cu la r  m y o c a r d iu m  were  l abe l led  

us ing the im m unof luo rescence  procedure  descr ibed  in sect ion 6.2.4. ,  the 

pat t ern  of  im m u n o re a c t iv i t y  ob ta ined  (Fig 6.3,  A) was iden t ica l  when 

ei ther  sheep an t i - chicken LPL IgG or  Cal-11 IgG was used  as the source 

of  the pr imary  antibody. Two dis t inct pools  of  imm unoreac t iv i ty  for  LPL 

were  o b s e rv e d ,  one  c o m p o s e d  o f  in tense ly  s ta in ing  e l l ip t i ca l  shaped  

s t ruc tu re s  (wh ich  were tho u g h t  to r e p re s e n t  poo l s  o f  e n z y m e  e i the r  

a s soc ia ted  with the nuc lei  of  the myocytes  or  concen t ra ted  a round  the 

inters t i t ia l  capi l la ry  e lemen ts )  and  the o ther  thought  to be due  to the 

a c c u m u la t io n  o f  the e n z y m e  at the m yocy te  b a s em e n t  m e m b r a n e  and 

the s u r r o u n d i n g  e x t r a c e l l u l a r  m a t r ix .  W h e n  n o n - i m m u n e  sheep  or  

m o u s e  s e ru m  or  the r e s p e c t i v e  p u r i f i e d  n o n - i m m u n e  I g G s  w e re  

s u b s t i tu t e d  fo r  the a n t i - L P L  a n t ibod ie s ,  no spec i f ic  s t a in in g  o f  the 

chicken m yocard ium  was observed  (Fig 6.3, B).

The  e ffec t  of  he parin  on the pa t t e rn  of  im m u n o re a c t i v i t y  was then 

inves t iga ted .  H epa r in  (30 uni ts /ml  o f  m ed iu m )  was  pe r fu s e d  th rough 

the i so la te d  ch icken  hear t  as d e sc r ibed  in sect ion 4.2.5 or  in jec ted  

i n t r a v e n o u s ly  (1000  un i ts /Kg)  into six week  o ld  b ro i l e r  c h ickens  as 

descr ibed in sect ion 5.2.6. The introduct ion of  heparin both in vitro or in  

vivo  was found  to have no subs tant ia l  observable  effec t  on the pattern
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A) The immunolocal izat ion of  LPL in cryosect ions of  ch icken cardiac 
t i s sue .

LPL was local ized in cryostat  sect ions of  the ch icken  left  ven tr icu la r  
m y o c a r d i u m  u s i n g  s h e e p  a n t i - c h i c k e n  L P L  I g G  in t h e  
im m unofluore scence  s ta ining p rocedure  descr ibed  in sect ion 6.2.4.  The 
p r in t  sho w s  i m m u n o f l u o r e s c e n c e  in a s s o c i a t i o n  w i th  i n t e r s t i t i a l  
cap i l la ry  e le m en ts  (cu rved  a rrow)  and  the E C M / m y o c y t e  b a s e m e n t  
membrane  (st raight  arrow). Print x 595

B) Non-immune control  for the immunoloca l izat ion  of  LPL in 
chicken cardiac tissue.

Cryos ta t  sect ions  o f  the ch ic ken  lef t  ven t r i cu l a r  m y o c a r d i u m  were  
in cu b a ted  with n o n - im m u n e  sheep  IgG an d  p r o c e s s e d  u s in g  the 
im m unof luo rescen t  label l ing p rocedure  descr ibed  in sect ion 6.2.4.  No 
specif ic  im m unof luo re sc e nce  was de tec ted  over  the sect ion .  Pr int  x 
595 .

Q  The immunolocal izat ion of  LPL in sections of  chicken cardiac 
t issue ob tained from hearts per fused  with heparin.

Chicken  hear ts  were pe r fused  with heparin  as d e s c r ib ed  in sect ion
4.2.2.  LPL was loca l ized  in cardiac t issue c ryosta t  sect ions  ob ta ined  
from hepa rin -perfused hearts using sheep an t i - chicken LPL IgG in the 
im m u n o f l u o r e s c e n c e  s ta in ing p roce du re  d e s c r i b e d  in sec t ion  6.2.4.  
Heparin perfusion was found to have no effect  on the pat tern of  LPL 
im m unoreac t iv i ty  (as com pared  to A). Simi lar ly  an IV in jec t ion  of  
heparin in vivo  was also found to have no effect on the pat tern LPL 
immunoreact iv i ty  of  chicken cardiac tissue. Print x 595.





of  LPL immunof luo rescence  (Fig 6.3, C).

T h e  e l l i p t i c a l  s h a p e d  s t r u c tu r e s  w h i c h  s h o w e d  c o n s i d e r a b l e  L P L  

i m m u n o r e a c t i v i t y  w e r e  c o n c l u s i v e l y  s h o w n  to be  c a p i l l a r i e s  by 

pe rfus ion  o f  the hear t  with concanava l in  A - F I T C  con ju ga te  fo l lowed  by 

c ryosec t ion ing  and  im m u nof luo re sc e n t  labe l l ing  us ing  an t i -L PL  IgG (Fig 

6.4,  A). T h e  con c an a v a l in -A  binds  to the g lycopro te ins  p resen t  at the 

luminal  su rface  o f  the vascu la r  e ndo the l ium  and  shows  the e x ten t  of  

r e p e r f u s i o n  o f  the  t is sue  by e f f e c t iv e ly  l a b e l l i n g  the  c a p i l l a ry  bed 

( C h a p te r  4).  B e c a u s e  few  cap i l la r ie s ,  r e v e a le d  by i m m u n o s t a in i n g  for  

LPL ,  did  not  conta in  concanava l in -A ,  the techn ique  desc r ibed  in sect ion

4.2 .2,  the re fo re  p roduces  a high level  o f  r epe r fu s ion  in the iso la ted  

c h i c k e n  h e a r t .  A s i m i l a r  a s s o c i a t i o n  w a s  f o u n d  b e t w e e n  L P L  

i m m u n o r e a c t i v i t y  and  s t ruc tu re s  i m m u n o s t a i n e d  wi th  the  a n t i - h u m a n  

von W il lebrand  factor  (vFW) ant ibody (Fig 6.4, B). The ident if icat ion of  

c h i c k e n  v a s c u l a r  e n d o t h e l i a l  ce l l s  by the  e x p r e s s i o n  o f  a von 

W i l l e b r a n d - l i k e  f ac to r  has p r e v io u s ly  been  d e m o n s t r a t e d  ( Y a b lo n k a -  

R e u v e n i ,  1989)  wi th  the use o f  a c r o s s - r e a c t i n g  a n t i - h u m a n  vF W  

a n t i b o d y .

From  these co -local iza t ion  s tudies it was conc luded  that  a cons ide rab le  

por t ion of  LPL in the ch icken  heart  m yoca rd ium  is assoc ia ted  with the 

ca p i l l a ry  ne tw ork .

A l though  it has been p roposed  that  L PL  is a crypt ic  enzyme,  s tored in 

the c is t e rnae  of  bo th  ad ipocy tes  and  m yocy te s  (V a nn ie r  et  al.,  1989; 

P r a d i n e s - F i g u e r e s  et al., 1990), no pe r i -nuc lear  loca l ized  pool  o f  LPL 

im m u n o r e a c t i v i t y  w i th in  the ca rd iac  m y o c y te s  c o u ld  be d e t e c t e d  in 

assoc ia t ion  with D A PI ,  a f lu o rescen t  nuc lea r  p robe  (Fig 6.5,  A). The  

exam ples  of  an assoc ia t ion be tween  D A P I  and L PL  im m unof luo re sc e nce  

are  due  to the p re se nc e  o f  n uc lea ted  ch icken  red  b lood  cel ls  with in 

capil lar ies . The  lack of  a per i -nuclear  local ized pool  of  LPL in the cardiac 

m yo cy te s  was  c o n f i rm e d  by the sens i t ive  s i l v e r - e n h an c e d  im m u n o g o ld  

technique.  At  high magni f ica t ions ,  x l 5 0 9 ,  it can be shown clear ly  that 

the  h a e m a to x y l i n  s t a i n e d  nuc le i  o f  the  c a rd i a c  m y o c y t e s  are  not  

assoc ia ted  with concentrat ions  of  LPL immunoreac t iv i ty  (Fig 6.5, B). This  

was  by con t r a s t  to the subs tan t ia l  a m oun ts  o f  L PL  i m m u n o re a c t iv i t y  

o b se rve d  in assoc ia t ion  with the in ters t i t ia l  cap i l la ry  e lem en ts  and the 

m y o c y t e  b a s e m e n t  m e m b r a n e s .
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A) The localization of  LPL on sections of  chicken cardiac t issue from 
hearts perfused with concanava l in  A-F1TC conjugate .

Cryosta t  sect ions of  the ch icken  card iac  left ven t r i cu la r  m y o c a r d iu m  
were  o b t a i n e d  f rom heart s  p e r f u s e d  wi th  c o n c a n a v a l i n  A - F I T C  
conjugate  (yel low) as descr ibed in section 4.2.5. LPL (red) was local ized 
in such sect ions  u s ing  Cal -11  and an a n t i -m ouse  IgG T e x a s  Red 
a n t ibody  c o n ju g a t e  in the i m m u n o f l u o r e s c e n c e  s t a i n in g  p r o c e d u r e  
descr ibed in sect ion 6.2.4.  The pr int  shows  that  the el l ipt ical  shaped 
st ructures  which stain intensely for  LPL are capi l lar ies  (curved  arrow)  
and that cons iderab le  amount s  of  label are also found  in assoc ia t ion  
with the E C M /m y o cy te  basem en t  m em b ran e  (s t ra ight  ar row) .  Pr int  x 
595.

B) The co-local ization of  LPL and von Wil lebrand l ike-factor  
antigens in sect ions of  chicken cardiac tissue.

LPL (red) and von Wil lebrand l ike-factor  (vWf) an t igens (green)  were 
l o c a l i z e d  on c r y o s t a t  s e c t i o n s  o f  the c h i c k e n  lef t  v e n t r i c u l a r  
m y o ca rd iu m  us ing  the d o u b l e - i m m u n o f l u o r e s c e n t  s t a in in g  p r o c e d u r e  
descr ibed in section 6.2.4. The co-local izat ion of  LPL and vW f  ant igens 
in associat ion  with the capi l la ry  e ndo the l ium  (ar row) ,  was ob ta ined .  
Print x 595.





Figure 6.5

A) The lack of per i -nuclear  localized LPL within chicken cardiac 
m y o c y t e s .

LPL (green)  was loca l ized in c ryos ta t  sect ions  of  the ch ic ken  left 
ven t r i cu la r  m y o c a r d iu m  us ing sheep  a n t i - c h i c k e n  L PL  IgG in the 
immunofluorescence  s ta ining procedure descr ibed  in sect ion 6.2.4.  The 
sect ions  were  then c o u n te r s ta ine d  us ing  DA PI  (b lue) ,  a f lu o re sc e n t  
nuclear  marker ,  as descr ibed in sect ion 6.2.4. No  im m un o f lu o re s c e n ce  
for LPL was found  in association with DAPI in the m yocy tes  (s t raight  
arrow), suggest ing no peri -nuclear  accumula t ion o f  LPL occurs  in these 
cel ls .  The  e x a m p l e s  of  an a s so c i a t i o n  b e tw e e n  D A P I  a n d  L PL  
im m unof luo rescence  are due to the presence  of  nuc lea ted  ch icken  red 
blood cells within capil lar ies  (curved arrow).  Print x 595.

B) The localization of  LPL in chicken cardiac tissue using the 
technique  of  s ilver  enhanced  immunogold.

LPL was local ized in cryostat  sect ions of  the ch icken  left ven tr icu la r  
m yocard ium  using sheep ant i -chicken LPL IgG and the t echn ique  of  
s i lver  e n h a n c e d  i m m u n o g o ld  l abe l l ing  f o l lo w e d  by c o u n t e r s t a i n i n g  
with h a e m a to x y l in ,  as d e s c r i b e d  in sect ion 6.2.5.  Th i s  t e c h n i q u e  
co n f i rm s  the a c cu m u la t io n  of  LPL in a s so c i a t i o n  wi th  in te rs t i t i a l  
capi l lary elements  ( ) and the EC M /m yocy te  basem ent  m em brane
(small  open arrow) .  No conc en t ra t io n  of  LPL i m m u n o r e a c t i v i t y  in 
association with the nuclei of  the cardiac myocytes ( ) was observed
and those examples  of  an associat ion between the two are due to the 
presence ot nucleated chicken red blood cells within capi l lar ies  (large 
open arrow). Print x 1509.

C) Mon-immune control  for the immunolocal izat ion of  LPL in 
chicken cardiac tissue.

Cryos ta t  sect ions  ot the ch ic ken  left ven tr i cu la r  m y o c a r d iu m  were 
incuba ted  with n o n - im m u n e  sheep  IgG and  p r o c e s s e d  u s in g  the 
tec h n iq u e  o f  s i lv e r  e n h a n c e d  i m m u n o g o l d  l a b e l l i n g  f o l l o w e d  by 
coun te rs ta in ing  with eosin.  as descr ibed in sect ion 6.2.5.  No specif ic  
immunoreac t iv i ty  was detected over  the section. Pr int  x 1509.
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D e s p i t e  the a p p a re n t  c o n c e n t r a t i o n  o f  L P L  in a s so c i a t i o n  wi th  the 

i n t e r s t i t i a l  c a p i l l a r y  e l e m e n t s ,  no L P L  i m m u n o r e a c t i v i t y  c o u ld  be 

de te c te d  ov e r  the e ndo the l ium  o f  l arger  b lood  vesse ls  in the ch icken 

m y o c a r d i u m  u s in g  e i t h e r  the i m m u n o f l u o r e s c e n c e  o r  s i l v e r - e n h a n c e d  

i m m u n o g o l d  s ta in ing  p ro ce d u re s  (Fig 6 . 6 , A and  B re spe c t ive ly ) .  By 

c o n t r a s t ,  l a b e l l i n g  w i th  a n t i - v F W  a n t i b o d i e s  r e s u l t e d  in  i n t e n s e  

im m u n o f lu o re s c e n ce  over  the endo the l ium  o f  the larger  b lood  vessel s  in 

the ch icken  m y o ca rd iu m  (Fig 6 .6 , C). This  shows that  the sect ion ing ,  

f ixa t ion  and  s ta in ing  p rocedu res  adop ted  in the p resen t  s tudy main tain 

the endothe l ia l  ep i topes o f  major  b lood  vessels  success fu l ly  for  ant ibody 

b in d in g .

6.3.4 Im a g e  ana lys i s

Im age  ana lys i s  was used to de te rm ine  the p e rcen tage  o f  the area of  

i m m u n o s t a i n i n g  a s soc ia te d  wi th  the in te rs t i t i a l  c ap i l l a ry  e le m en ts  and 

w i th  the  m y o c y t e  b a s e m e n t  m e m b r a n e / e x t r a c e l l u l a r  m a t r i x .  T h e  

t echn ique  was also used  to assess  the in tens i ty  of  im m u n o s ta in in g  for 

L P L  o v e r  these  t is sue  c o m p a r tm e n t s .  T h e  resu l ts  o f  the s tudy  are 

s um m ar i sed  in Table  6.1.

Table 6.1 The quantitative immunolocalization of  LPL within the
chicken  m yocard ium

P e r c e n t a g e  a r e a  im m u n o s t a i n e d :  M e a n
i n t e n s i t y  o f

o f  f ield o f  a r ea  i m m u n o s t a i n i n g
o f  v iew s t a i n e d  (un i t s  o f  g r e yn es s )

I m m u n o s t a i n i n g  a s s o c i a t e d  
w i th  ca p i l l a r y  n e t w o r k

6 . 2 3  + 0 . 2 8 4 6 . 4 1 5 2 . 6 2  + 5 . 8 5

I m m u n o s t a i n i n g  a s s o c i a t e d  
w i th  m y o c y t e s / E C M

7 . 2 0 + 0 . 6 1 5 3 . 6 1 1 6 . 3 4  + 5 . 7 8

To ta l  s t a i ning  o f  f ield 
of  v i ew

13 . 4 4 ± 0 . 6 8 100 1 3 6 . 6 0  + 5 . 3 7

Im a g e  ana ly s i s  u s ing  a Q u a n t i m e t  570  S ys t e m was  car r i ed  ou t  on t he  n e ga t i v e s  o f  
c ryo se c t i on s  o f  the ch i ck en  lef t  ven t r i cu l a r  m y o ca r d iu m ,  i m m u no s t a i ne d  for  LP L  us ing  
s h e e p  a n t i - c h i c k e n  L P L  I g G  a n d  t he  i m m u n o f l u o r e s c e n c e  p r o c e d u r e  d e s c r i b e d  in 
s ec t i on  6.2.4.  T h e  va lue s  are  m e a n s + S E  der ived f ro m the m e a s u re m e n t  o f  10 f i elds  of  
v i ew  o f  c a rd i ac  t i ssue  s ec t i ons  f r om  each  o f  3 f u l l y  fed  5 w eek  old b ro i l e r  chi ckens  
(n=30 ) .  T h e  uni t s  o f  g r eynes s  (0 -256)  g ive  a  com pa r a t i ve  i nd i ca t i on  o f  the in t ens i t y  of  
s t a i n i n g  o v e r  t h e  t i s s u e  c o m p a r t m e n t s ,  a l t h o u g h  t he  n u m b e r  o f  u n i t s  p o s i t i v e l y  
co r r e l a t e s  w i th  t he  i n t ens i t y  o f  im m u n os t a in in g ,  l i nea r i t y  c a n no t  be a s s u me d .
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Figure 6 . 6

A) The lack of  LPL immunofluorescence  over  the endothe l ium of  
major  blood vessels of  chicken cardiac tissue.

LPL was local ized in cryostat  sect ions of  the ch icken  left  ven tr icu la r  
m y o c a r d i u m  u s i n g  s h e e p  a n t i - c h i c k e n  L P L  I g G  in the  
im m unof luo re sc e n t  s ta in ing  procedure  d esc r ibed  in sect ion 6.2.4.  No 
LPL im m u n o re a c t iv i t y  was de tec ted  over  the e n d o th e l iu m  o f  m a jo r  
blood vesse ls  in ch icken  card iac  t issue ( s t ra ight  a r row)  desp i t e  the 
presence of  LPL immunoreac t iv i ty  at the inters t i t ial  cap i l la ry  e lem en ts  
(curved arrow). Print x 425.

B) The  lack of  LPL immunoreact ivi ty  over  the endothe l ium of  major  
blood vessels of  chicken cardiac tissue.

LPL was local ized in cryostat  sect ions of  the ch icken  left ven tr icu la r  
myocard ium using sheep ant i -ch icken  LPL IgG and  the techn ique  of  
s i lver  e n h a n c e d  i m m u n o g o ld  l abe l l ing  f o l lo w e d  by c o u n t e r s t a i n i n g  
with h a e m a to x y l in ,  as d e s c r ib e d  in sect ion 6.2.5.  T h i s  t e c h n i q u e  
confi rms  the lack of  LPL imm unoreac t i v i t y  over  the endo th e l iu m  o f  
major  blood vessels  in chicken cardiac t issue (open arrow)  despi te  the 
presence of  LPL immunoreac t iv i ty  at the interst it ial  cap i l la ry  e lements  
(closed arrow). Print x 595.

C) The presence of  von Wil lebrand factor  ant igens over  the 
endothel ium of  major  blood-vessels  in sect ions of  chicken 
cardiac tissue.

von W i l l e b r a n d  fac to r  (vWf) an t igens  were  l o ca l i z e d  in c ry o s t a t  
sect ions ol the chicken left ventr icular  m yocard iu m  us ing  a n t i -hum an  
vWf IgG in the im m unof luo rescence  s ta in ing p rocedure  d esc r ibed  in 
sect ion 6.2.4. Intense imm unofluore scence  for vW f  was ob ta ined  over  
the en d o th e l iu m  o f  m ajo r  b lood  vesse ls ,  s h o w in g  that e n d o th e l i a l  
an t igens  are ava i l ab le  for an t ibody  b in d in g  af ter  t is sue p roce s s ing .  
Print x 595.





T h e  a re a  c o v e r e d  by i m m u n o f l u o r e s c e n c e  in a s s o c i a t i o n  wi th  the 

in te rs t i t i a l  cap i l la ry  e lem en ts  (ie: ove r  the e ndo the l ia l  cel l s ,  p e r i c y t e ­

l ike cel ls ,  va scu la r  b a s em e n t  m e m b r a n e  and  sub-endo the l i a l  space)  was 

6.2%  o f  the total  a rea  (46 .4% o f  the a rea  im m u n o s ta in e d ) .  T h e  area

c o v e r e d  by i m m u n o f l u o r e s c e n c e  in a s s o c i a t i o n  wi th  the m y o c y t e

basem en t  m e m b r a n e  and the ext race l lu la r  mat r ix  was 7 .2 %  of  the total 

a r e a  ( 5 3 . 6 %  o f  t h e  a r e a  i m m u n o s t a i n e d ) .  T h e  i n t e n s i t y  o f

im m u n o f lu o re s c e n c e  fo r  L P L  which  was assoc ia te d  with the in ters t i t ia l  

cap i l la ry  e lem en ts  (mean grey  level ,  152.62)  was  f o u n d  to be g rea ter

than the intens i ty  of  im m unof luo rescence  for  L P L  which  was associated  

with the m y o c y te  b a s em e n t  m em b r a n e s  and  e x t r ace l lu la r  m at r ix  (mean  

grey level,  116.34) .

6.3.5 Elec tron  m ic rosc opy

At tem pts  were m ade  to def ine the subcel lular  local izat ion o f  LPL at the 

cap i l la ry  endo the l ium  us ing i m m u n o g o ld  elec tron m ic roscopy .  H ow ever ,  

no im m u n o r e a c t i v i t y  c o u ld  be f o u n d  a f t e r  p r o c e s s in g  the t is sue  for  

e le c tron  m ic ro sc o p y  using e i t he r  p o s t - e m b e d d i n g  t ech n iq u es  invo lv ing  

Ara ld i te  or  LR W hite  res in e m b e d d e d  t issues  sect ions ,  or  when using 

ul tra- thin c ryosec t ions  of  u nem bedded  t issues.  This  was found  to be the 

c a se  f o l l o w i n g  i n c u b a t io n  wi th  e i t h e r  the  s h e e p  a n t i - c h i c k e n  L PL  

p o l y c l o n a l  a n t i b o d y  or  the  m u r i n e  a n t i - c h i c k e n  L P L  m o n o c l o n a l  

an t ibody,  Cal-11.  The pho tomicrograph  (Fig 6.7) o f  an ul tra- thin cryostat  

sect ion  shows a nuc lea ted  red  blood cell  in a m ino r  b lood  vessel ,  no 

im m unogo ld  label ling for  LPL could  be de tec ted  at h igher  magni f icat ions 

(x50 ,0 00)  in assoc ia t ion  with e i ther  the cap i l la ry  e ndo the l ia l  cells  or 

within the card iac  myocytes .

6.4 DISCUSSION

The  presen t  s tudy is the first  use of  an image  analysis  sys tem for  the 

s tudy  of  L PL  d i s t r ibu t ion  wi th in  a t is sue.  B l a n c h e t t e - M a c k i e  et  al. 

( 1989)  p r e v io u s ly  q u a n t i f i e d  the d i s t r ibu t ion  o f  L P L  wi th in  m o u se  

c a r d i a c  t i s s u e  by i m m u n o g o l d  l a b e l l i n g  f o l l o w e d  by e l e c t r o n  

m ic ro g ra p h ie  obse rva t ion .  Th is  t echn ique ,  w h ich  r equ i res  the coun t ing  

o f  individua l  gold part icles in the f ield of  view,  is laborious, requires  the 

use o f  s t rong  f ixa t ive s  (ie: g l u ta r a ld e h y d e )  and  c o n s id e r a b l e  t is sue

p ro c e s s in g ,  r e s u l t i n g  in the poss ib le  loss o f  im m u n o r e a c t i v i t y  ov e r  

va r ious  t issue  c o m p a r tm e n t s .
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Figure 6.7 Electron photom icrograph of an ultrathin cryostat section 
of chicken cardiac tissue.

Ultrathin cryostat sections of  the chicken left ventr icular  myocardium were prepared 
and processed for  im m unogo ld  label ling,  as descr ibed  in sect ion 6 .2.7.3. The 
photomicrograph is printed at a magnification of  xl7 ,500  and shows nucleated chicken 
red blood cells in a minor  blood vessel. No immunogold labelling was observed on 
inspection of  such sections at this or higher magnifications.



In the ch ic ken  m yoca rd ium  the area c ove re d  by im m u n o f lu o re s c e n ce  in 

assoc ia t ion with the capi l lary ne twork  was found  to be 6 .2 % of  the total 

a rea  ( 46 .4%  o f  the a rea  i m m u n o s t a in e d ) .  T h e  in te r s t i t i a l  ca p i l l a ry -  

a s so c i a te d  ce l lu la r  e l e m e n t s  in the m y o c a r d iu m  c o m p r i se s  f ib rob la s t s ,  

p e r i c y te s  and  endo th e l i a l  cells .  F rank  and  L a n g e r  (1974)  fo u n d  that  

these cells accounted  for  6 % and the myocy tes  69% of  the total vo lume 

o f  the r abb i t  m y o ca rd iu m ,  as de te r m in e d  by s te reo log ica l  quan t i ta t ion .  

F rom  these  f igures  it can be c o n c lu d e d  that , de sp i t e  poss ib le  species  

d i f f e r e n c e s ,  the  e n t i r e  a rea  c o m p r i s e d  o f  the  i n t e r s t i t i a l  c a p i l l a r y  

e l e m e n t s  is p o s i t i v e l y  i m m u n o s t a i n e d  f o r  L P L  in t h e  c h i c k e n  

m yoca rd ium .  This  observa t ion is in agreement  with the resul ts  o f  Camps  

et al.,  (1990)  who  r epo r ted  s ign i f ican t  levels  o f  i m m u n o re a c t iv e  LPL 

assoc ia ted  with the capi l lar ies  o f  the gu inea  pig m yoca rd ium .  How ever ,  

the a m o u n t  o f  c a p i l l a r y - a s s o c i a t e d  l a b e l l i n g  f o u n d  in the c h ic k e n  

m y o ca rd iu m  is m uch  grea ter  than the 18% o f  total t is sue label  found 

o v e r  the  c a p i l l a r y  e n d o th e l iu m  in m ic e  he a r t s  u s ing  i m m u n o g o l d  

e lec tron  m ic ro scopy  (Blanche t t e -M ack ie  et al., 1989).

In the p resen t  s tudy no LPL im m unore a c t iv i ty  was assoc ia ted  with the 

e n d o t h e l i u m  o f  any  o f  the l a r g e r  b lo o d  v e s se l s  o f  the  c h ic k e n  

myocard iu m  (Fig 6.5).  This  contrasts  with previous s tudies in the guinea 

pig which  found  cons ide rab le  levels o f  LPL im m unore a c t iv i ty  over  the 

endo the l ium of  the major  blood vessels  of  the m yocard ium  (Camps et al.,  

1990).  Th is  potent ia l  species  d iffe rence  is d i scussed  in grea te r  detai l  in 

sect ion 7.3.

The lack o f  response  of  the LPL imm unoloca l i zed  in associat ion with the 

i n te r s t i t i a l  c a p i l l a r y  e l e m e n t s  to hepa r in  bo th  in v i t ro  and i n  v i v o  

c o r re sponds  c losely to the low percen tage  of  hepar in - re leasab le  act ivi ty  

in the isola ted perfused chicken hear t  (Chapte r  4). However ,  this differs  

f rom the observa t ion that  in humans an in travenous  in ject ion of  heparin 

c a u se d  a drast ic  r educ t io n  of  im m u n o re a c t iv i t y  over  b lood  vesse ls  in 

adipose t issue (Jonasson et al., 1984). This  di fference could  be explained  

by a much  greater  level of  funct ional  LPL activity being found in human 

adipose t issue than in chicken cardiac tissue. Capi l lary associated LPL in 

ch ickens  is e i ther  present  p redom inan t ly  at a posi t ion o ther  than at the 

luminal  su rface  o f  capi l la ry endo th e l ia l  cel ls  (non- func t iona l ) ,  pe rhaps  

be ing  c o n c e n t r a t e d  at the b a s e m e n t  m e m b r a n e ,  or  is p r e d o m i n a n t ly
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bound  to capi l la ry  endo the l ia l  cel ls  in a non-hepa r in  d e p e n d en t  fashion  

(funct ional) .  These  possibi l i t ies  are fully d i scussed  in sect ion 7.3.

In the p resen t  s tudy,  the area c ove red  by i m m u n o f lu o re s c e n c e  for  LPL 

in associat ion  with the basem en t  m em brane  o f  the card iac  m yocy tes  and 

the ex tr ace l lu la r  mat r ix  was found to be 7 .2% of  the total area o f  the 

ch ic k e n  m y o c a r d iu m  (53 .6% o f  the a rea  im m u n o s ta in e d ) .  T h e  re la t ive  

lack  o f  r eac t iv i ty  wi th in ch ic ken  card iac  m yo cy te s  and  the re la t ive ly  

high  l eve ls  o f  i m m u n o r e a c t i v i t y  d e t e c t e d  at the m y o c y t e  b a s e m e n t  

m e m b r a n e  or  in an e x t r ace l lu la r  pos i t ion  con tras ts  wi th  da ta  r epor ted  

for  the m ouse  hear t  (B lanche t t e -M ack ie  et al., 1989) where 78 % of  the 

total  t issue label  was found  over  the m yocy te s  (a l though a s igni f icant  

proport ion of  it was located at the cell  per iphery)  and  only 3-6 % in the 

e x t race l lu la r  space.  These  lat ter  f igures  do not  take into  account  low 

level s  o f  non-spec i f i c  b a c k g ro u n d  l abe l l ing  wh ich  w o u ld  inc re ase  the 

r e l a t i v e  a m o u n t s  o f  the label  ov e r  the l a rge r  t is sue  c o m p a r tm e n t s .  

H ow e ver ,  the di s t r ibu t ion  o f  L PL  ob ta ined  in the ch icken  m yoca rd ium  

agrees  with the work of  Cam ps  et al., (1990) ,  who  r epo r ted  that  LPL 

assoc ia ted with the cardiac m yocy tes  o f  the gu inea  pig m yoca rd ium  was 

lo c a t e d  at the p e r ip h e ry  of  such  cel l s ,  ho w e v e r ,  the e x a c t  si te  o f  

i n t e r a c t i o n  c o u l d  not  be  a s c e r t a i n e d  u s i n g  s t a n d a r d  f l u o r e s c e n t  

m i c r o s c o p y .

The  p resen t  s tudy us ing h ighly  sensi t ive  s i lver  e n h a n c e d  im m u n o g o ld  

s t a i n i n g  a n d  i m m u n o f l u o r e s c e n c e  t e c h n i q u e s  s h o w s  t h a t  L P L  

a c c u m u la t e s  at in te rs t i t i a l  loca t io ns  in a s soc ia t ion  wi th  the m y o c y te  

b a s em e n t  m e m b r a n e / e x t r a c e l lu l a r  mat r ix  and the cap i l l a ry  e le m en ts  in 

ch icken  card iac  t issue  in v ivo.  This  confi rms  the resu l ts  of  num erous  

p rev ious  s tudies  on the d i s t r ibu t ion  of  L P L  in the card iac  t is sue of  

severa l  species .

L PL  act ivi ty in cardiac tissue has been obse rved  in assoc ia t ion with rat 

ca rd iac  m yo cy te s  (C hohan  and  Crye r ,  1978;  Bagby  and  Corl l ,  1988; 

R a ja ra m  et al., 1980) .  H ow e ver ,  C h a je k  et  al. (1977)  found  that  in 

cul tures  o f  neonatal  rat  hear t  cells,  LPL was p redom inan t ly  syn thes ized  

by m e s e n c h y m a l  cell  types d e r ive d  from the v a s cu la r  and  in ters t i t ia l  

e lem en ts  ra ther  than by the card iac  myocy tes .  Therefore ,  it is possib le  

that  in card iac  t issue the m yocy tes  and/or  cells o f  m es e n c h y m a l  or igin 

may serve as a source of  endothel ia l  LPL.
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Recent ly ,  Stein et al. (1991)  conc luded  from in s itu  hybr id iza t ion  s tudies  

that the main  site o f  LPL synthesis in the adult  rat  hear t  may not  be the 

card iac  m yocy tes  but  the inters ti t ial  cells o f  the capi l la ry  bed, such as 

the per icytes .  The  expression  of  LPL m R N A  was found to be s trong only 

in m e s e n c h y m a l  cel l  types  ( cap i l l a ry  an d  p e r i v a s c u l a r )  wi th  sparse

reac t ion over  the cardiac myocytes .  This  is at var iance  with the f indings 

o f  Cam ps  et  al. (1990)  w ho  fo u n d  s ig n i f ic an t  hy b r id iz a t io n  for  L P L  

m R N A  over  the cardiac myocy tes  in the fully-fed gu inea  pig heart.

The  s ugges t ion  o f  an inte rs t i t i a l  r a the r  than in t r a ce l lu la r  loca t ion  for  

m u c h  o f  the  r e s id u a l  L P L  a c t i v i t y  (non  h e p a r i n - r e l e a s a b l e )  was  

p r o p o s e d  by H u l s m a n n  et al. (1982)  w ho  found  that  a subs tan t ia l

port ion  of  the residua l  L PL  activi ty  was not  loca l ized in the myocytes

but  in an extrace l lu la r  com par tm en t  which was opened  dur ing  Ca^  + - f r e e  

p e r f u s io n .  J a n s e n  et al. (1980)  a lso  d e m o n s t r a t e d  the p r e s e n c e  of

in te rs t i t i a l  L PL  by co l l e c t i n g  separa te ly  the c o ro n a r y  and  in ter s t i t i a l  

pos t-hepar in  eff luents  f rom the per fused  hear t  m odel  sys tem. The  LPL 

ac t ivi ty  present  in the co ronary  eff luents  f rom the heart  o f  fas ted  rats

was higher  than in those of  fed rats,  while  the opposi t e  was true for  the 

enz ym e  act ivi ty  in the inters t i t ia l  eff luents .  H ow e ver ,  these  experiments  

fa i led  to d e m o n s t r a t e  that  L PL  ac t iv i ty  was found  in the in ters t i t ia l

c o m pa r tm e n t  of  ca rdiac t issue under  normal  condi t ions in vivo.

Liu and  O l ivec rona  (1991) using pu lse -chase  s tudies  in pe r fused  guinea 

pig hearts,  conc lu ded  that  LPL moves rapid ly from the myocytes  by the 

so -ca l led  de faul t  p a thw a y  (Pelham, 1989)  with no ob l iga to ry  delay.  In 

the d e fa u l t  pa thw a y ,  n o n - se le c t iv e  bulk f low to the cell  su r face  is 

t h o u g h t  to be d r iven  by a p roces s  in wh ich  the c o n te n t s  o f  each  

secre to ry  c o m p a r tm e n t  are t ransfe r red  to the next ,  wi th  d iv er s io n  from

the  p a t h w a y  or  r e t e n t i o n  in a g iv e n  c o m p a r t m e n t  b e in g  s igna l -  

m ed ia te d .  T h e  r e l a t i v e ly  low leve l  of  L P L  r e a c t i v i t y  f o u n d  wi th in

c h ic k e n  hear t  m y o c y te s  in this s tudy  is c o n s i s t e n t  with the  rap id  

m o v em e n t  of  LPL out  of  the cells by this mechanism.  However ,  the data 

p r o d u c e d  by Liu and  O l iv e c r o n a  (1991)  does  not  s u ppo r t  a model  

whereby  LPL is t r ansport ed  direct ly  to the luminal  surface  o f  capi l lary 

endo th e l ia l  cells and  is r e l e a se d  into the m e d iu m  in the  p re se nc e  o f  

heparin .  W hen  hepar in  was present  th ro ughou t  a 105 minute  pe rfus ion  

per iod ,  32% of  the pu l se - labe l l ed  LPL a ppe a re d  in the m e d iu m  while
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only  9%  o f  the labe l led  LPL was re leased  by heparin  at the end  of  a 

s im i la r  p e r io d  o f  p e r f u s io n  w i th o u t  hepa r in .  T h e  total  r ec o v e r y  of  

l abe l led  L PL  was s im i la r  with or  w i thou t  heparin  in both cases .  This  

da ta  ind ica ted  that LPL does indeed  a ccum ula te  at some point  be tween  

the m yocy te s  and  the lumina l  surface  of  capi l la ry  endo th e l ia l  cel ls,  as 

show n  by the p re se n t  s tudy  of  ch icken  t issues .  The  t ran spo r t  o f  L PL  

f rom the ba sa l  m e m b r a n e  and  o the r  i n te r s t i t i a l  s t ru c tu re s  w h e r e  it 

accum ula te s  m ay  be aided  by heparin  or  r e spons ive  to the deple t ion o f  

LPL  at the capi l la ry  lumen,  caused  by the addi t ion o f  hepa r in  to the 

p e r f u s io n  m ed ium .

B l a n c h e t t e - M a c k i e  et al. (1989)  c o n c lu d e d  from i m m u n o c y t o c h e m i c a l  

s tudies that  LPL did not  appear  to m ove  as a soluble  protein in mouse  

heart  t issue and there was only l imited accumula t ion of  L PL  around the 

c a p i l l a ry  n e tw o rk  or  o the r  i n te r s t i t i a l  s t ruc tu re s .  T he  w ork  in this 

C h a p t e r  i n d i c a t e s  tha t  L P L  d o e s  i n d e e d  a c c u m u l a t e  a r o u n d  the  

in ter s t i t i a l  cap i l la ry  e lem en ts  poss ib ly  in assoc ia t ion  with the vascu la r  

b a s e m e n t  m e m b r a n e  and at other  in ters t i t ia l  s t ruc tu res  e x t r a ce l lu la r  to 

the ca rd iac  m yocy tes .  The  accum ula t ion  o f  L P L  at these si tes with in 

card iac  t issue has im por ta n t  impl ica t ions  fo r  the m eans  by which the 

e n z y m e  is t r anspor ted  from the m yocy te s  to the capi l la ry  lumen.  The  

d i f f e r e n c e s  b e tw e en  the r esu l ts  o f  the p re s e n t  s tudy  and  those  of  

B l a n c h e t t e - M a c k i e  et al. (1989) m ay  be due  to the d iff e ren t  pro toco ls  

used for  t issue p rocess ing  and  f ixat ion.  B la nc he t te -M ac k ie  et  al. (1989) 

used  g l u t a r a l d e h y d e  as a f ixa t ive  w h i le  in the  p re s e n t  s tudy  mild  

f ixat ion in acetone at -20°C was used to preserve LPL ant igenici ty  across 

all the t issue compar tm ents .

T h e  t e c h n i q u e  o f  i m m u n o g o l d  l a b e l l i n g  c o m b i n e d  wi th  e l e c t r o n  

m ic r o s c o p y  w o u ld  have  a l l o w e d  the s u b c e l lu la r  loca l i z a t i o n  of  LPL 

with in the cap i l lary endothe l ium and quan t i ta t ion  of  funct ional  LPL. The  

lack  o f  r e a c t i v i t y  f o u n d  u s ing  p o s t - e m b e d d i n g  t e c h n i q u e s  can be 

e x p l a i n e d  by the p r o c e s s in g  r e q u i r e d ,  s ince  d e h y d r a t i o n  and  res in  

e m b e d d in g  often resu l t  in both a r educ t io n  o f  an t igen ic i ty  and  l inked 

a c ce s s ib i l i ty  to the an t igen .  E m b e d d in g  in Ara ld i t e  (an i m p e r m e a b le  

h y d r o p h o b ic  e p o x y  res in )  and  p o s t - f ix a t io n  wi th  o s m i u m  has been 

shown to s t rongly r educe  imm unoreac t i v i t y  o f  t issue sect ions  (Newm an 

and  Hobot ,  1989). Em bedd in g  in LR White ,  a hydroph i l ic  acryl ic  res in,  

w h ic h  does  not  r equ i r e  c o m p l e te  d e h y d ra t io n  o f  the t is sue  an d  is
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p e r m e a b l e  to a n t i b o d i e s  so doe s  no t  r e q u i r e  e t c h i n g ,  f r e q u e n t l y  

im proves  im m u n o re a c t iv i t y  (N ew m an ,  1989) . H ow ever ,  due  to the lack 

of  L PL  immunoreac t iv i ty  of  LR W hite  e m bedded  t issue, the techn ique  of  

u l t r a  thin c r y o s e c t i o n in g  o f  u n e m b e d d e d  t is sue  w as  a t t e m p te d .  The  

techn ique  has prev ious ly  been used  to im m uno lo ca l i ze  LPL in the mouse  

h e a r t  ( B l a n c h e t t e - M a c k i e  e t  al . ,  1989)  an d  r e q u i r e s  l i t t le  t is sue  

p roces s ing  wi th  the sect ions  be ing  fully  hydrated .  Desp i te  this no LPL 

i m m u n o r e a c t i v i t y  c o u ld  be d e t e c t e d  on u l t r a - th in  c r y o s e c t i o n s  (F ig 

6.10) . This  m ay  be due to the use of  g luta raldehyde  as a f ixat ive (even 

though  it was  used  by B lanche t te -M ackie  et al., 1989) which can cause 

d e s t r u c t i o n  o f  e p i t o p e s  by s t e r i c  h i n d r a n c e  or  by c h a n g e s  in 

co n fo rm a t io n  when the f ixat ive  binds  to the ep i tope  and also reduces  

a n t i b o d y  p e n e t r a t i o n  ( K e l l e n b e r g e r  et al., 1987). How ever ,  this lack of  

de tec tab le  LPL im m unoreac t iv i ty  may also be due to di ff e rences  in the 

reac t iv i t i es  o f  the an t ibodies  that  are  ava i lable  for  use aga ins t  chicken 

LPL.
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CHAPTER 7

T H E  I M M U N O L O C A L I Z A T I O N  O F  L P L  IN C H I C K E N  T I S S U E ,  

D E V E L O P M E N T A L  C H A N G E S  IN T H E  H E A R T  A N D  LIVER D U R IN G  

HATCHING

7.1 INTRODUCTION

The  va l idat ion o f  m ethods  for the im m unoloca l i za t ion  of  LPL in chicken 

c a r d i a c  t i s s u e  w a s  d e s c r i b e d  in C h a p t e r  6 . T h e  p a t t e r n  o f  

i m m u n o r e a c t i v i t y  tha t  was  o b s e rv e d  i n d ic a te d  that  L P L  a c c u m u la t e d  

a r o u n d  the in te r s t i t i a l  c a p i l l a ry  e l e m e n t s ,  m a i n ly  in a f as h io n  not  

r e l e a s a b l e  by h e p a r i n  p e r f u s i o n ,  an d  w as  a l s o  p r e s e n t ,  to a 

q u a n t i t a t i v e l y  i m p o r t a n t  e x t e n t ,  a t  t h e  b a s e m e n t  m e m b r a n e  

su r ro u n d in g  the card iac  m yocy tes .  In this Chap te r ,  the d i s t r ibu t ion  of  

L PL  within o the r  t issues  o f  the ch icken  was e x a m in e d  and c o m p a red  

with that  obse rved  in the heart.  The  use of  the technique  to invest igate  

t i s sue - spe c i f ic  p o s t - h a tc h in g  d e v e lo p m e n ta l  ch a n g es  in the ch icken  is 

a lso descr ibed .

In the first comparat ive study of  several  t issues in one species , Camps e t  

a l .  (1990)  r ep o r ted  the i m m u n o lo c a l i z a t i o n  o f  LPL p ro te in  and  the 

detect ion of  LPL rnRNA using in s i tu  hybr idizat ion in the ad ipose tissue,  

heart ,  aorta ,  d iaphragm,  m am m a ry  g land  and  k idney  of  the gu inea  pig. 

In the t issues  s tudied  LPL im m unoreac t iv i ty  was found  to be presen t  at 

the endothel ium of  all b lood vessels.  In the study of  Camps  et al. (1990) , 

the total  LPL im m u n o re a c t i v i t y  in a d ipose  t issue  was  found  to be 

r e l a t i v e l y  i n t e n s e  w h e n  c o m p a r e d  w i th  o t h e r  t i s s u e s ,  w i th  the 

p r o m in e n t  s ta in ing  o f  the cap i l la r ie s  and  la rge r  b lood  vesse ls  be ing 

a s soc ia ted  with subendo th e l ia l  cel ls ,  p e r i cy te - l ike  cells  and endothe l ia l  

cells.  LPL was also found  at the per iphery  o f  adipocytes .  In the heart ,  

there  was LPL im m unoreac t iv i ty  in both the capi l la ry  walls and at the 

pe r ip h e ry  o f  m yocy te s ,  a pa t te rn  r e p e a te d  in d i ap h ra g m  m u sc l e  with 

s t rong labe l l ing at the musc le  cell  per iphery .  The  pa renchym al  cells of  

muscle  and  ad ipose t issues were also found to express  L PL  m R N A  using 

in s i tu  h y b r id i z a t io n .  The  ao r t a  s h o w e d  i m m u n o r e a c t i v i t y  o v e r  the 

e n d o th e l iu m  with som e  reac t iv i ty  be ing  p resen t  in the ce l ls  of  the 

smoo th  m usc le  layer  for  both LPL m R N A  and protein.  In the k idney 

there  was s t rong  i m m u n o f l u o r e s c e n c e  at the v a s c u l a r  e n d o th e l iu m ,
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especial ly  in the glomerul i ,  but  little LPL m R N A  could  be de tec ted  in the 

tissue by in s itu  hybr id iza t ion .

The  synthesis  and  dis t r ibut ion o f  L PL  in the gu inea  pig lung,  l iver  and 

spleen,  where  the overal l  LPL act ivi ty is re la t ively low,  was repor ted  in 

a second  paper  by Camps  et al. (1991).  In these t issues the enz ym e  was 

expressed  in scat tered cells such as m acrophages  in the lung and spleen.  

In the l ive r  s ign i f ican t  level s  o f  L PL  im m u n o re a c t iv i t y  was found  in 

Kupf fer  cells,  in associat ion with s inusoids and inside some of  the cells in 

the per iportal  area. However ,  because o f  the the low level of  LPL m R N A  

de tec ted  in the liver,  it was conc luded  that  the L PL  protein which was 

p resen t  was taken  up from the b loods t ream ra the r  than syn th es ized  by 

the hepa tocy te s .

Prev ious  s tudies  have ignored  the potent ia l  con tr ibu t ion  to whole  body 

L PL  act ivi ty  by enzym e  assoc ia ted  with the bone mar row.  W o o d  (1967) 

r e p o r t e d  that  a d ip o c y te s  are the  m o s t  c o n s p ic u o u s  e l e m e n t  o f  the 

m a r r o w  m ass  in c h ic k e n s  and  N i r  and  Lin (1982)  e s t im a ted ,  f rom 

m easu rem en ts  of  the incorporat ion of  [1-^ 4 C] acetate  into lipids in vivo,  

t h a t  the to ta l  l i p o g e n i c  a c t i v i t y  o f  the c h i c k e n  s k e l e t o n  was  

a pp rox im ate ly  half  that  o f  the l iver  and  that the l ipogen ic  ac t ivi ty  of  

isolated bone m arrow in vitro was approx im ate ly  two thirds that  o f  the 

hepat ic  activi ty.  Gimble  et al. (1990) found  that the cloned  bone mar row 

s trom al  cell  l ine,  B M S 2 ,  s y n the s ize d  L P L  in v i tro  a f t e r  u n d e r g o i n g  

ad ip ocy te  d if fe ren t i a t ion .  H ow ever ,  desp i t e  these f indings ,  no s tudy of  

the d i s t r ibu t ion or  level  of  LPL act ivi ty  has been m ade  on this major  

l ipid s to r ing  t issue,  in e i the r  ch ickens  or  m a m m a l ia n  species .  To this 

e n d ,  w o r k  in t h i s  C h a p t e r  a l s o  d e s c r i b e s  t h e  u s e  o f  

i m m u n o c y t o c h e m i s t r y  to loca l ize  L P L  ac t iv i ty  w i th in  c h ic k e n  bone  

mar row,  amongs t  the range  of  t issues s tudied.

Many s tudies have shown that  deve lopmen ta l  changes  occur  in the level 

of  LPL activity present  in mammal ian  t issues (Cryer ,  1987). For example  

LPL act ivity in the l iver of  neonatal  (1 day old) rats has been found to 

be 2-3 t imes higher  than that  in the l iver  of  adult  rats (Burgaya  et al., 

1989;  P e in a d o  et al., 1990). This  activity has also been seen to decrease 

progress ive ly  dur ing  the pos tna ta l  per iod  of  d e v e lo p m e n t  to reach the 

lower  values  typical o f  adults at w ean ing  (Lopez-Te je ro  et al.,  1988). 

H ow ever ,  such a de v e lo p m en ta l  pa t t e rn  is the r eve r se  o f  that  in rat
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heart ,  where  LPL act ivi ty was very low in the foetus  and  r ises to adult  

leve ls  du r ing  suck l ing  (P la nche  et al. ,  1980;  C rye r  and  Jones,  1978). 

Li t t l e  w ork  has been r e c o r d e d  on the t is sue  spec i f ic  d e v e lo p m e n t a l  

changes  in LPL ac t iv i ty  of  n o n -m a m m a l i a n  species  and  on ly  one  such 

s tudy has been reported in chickens (Speake et al., 1992).

W o rk  in this  c h a p te r  d e sc r ibes  the use o f  i m m u n o c y t o c h e m i s t r y  to 

f o l l o w  the d e v e lo p m e n t a l  c h a n g e s  in c h ic k e n  l ive r  an d  hear t  L PL  

act ivity and dist r ibut ion,  f rom the em bryo  to 6  weeks of  age.

7.2 METHODS

7.2.1 1 m m u n o h i s t o c h e m i s t r y

For  the work descr ibed  in this Chapter ,  ful ly-fed  broi ler  ch ickens o f  5/6 

w e e k s  o f  age and  r ea re d  as d e s c r ib e d  in sec t ion  4.2.1 were  used  

th r o u g h o u t .  T i s s u e  p r e p a r a t i o n  an d  s e c t i o n in g  was  c a r r i e d  out  as 

descr ibed  in sect ion 6.2.4.  The  im m unof luo re sc e nce  and  s i lver  enhanced  

i m m u n o g o l d  s ta in in g  p r o c e d u r e s  were  p e r f o r m e d  as d e s c r i b e d  in 

sect ions 6.2.4 and 6.2.5 respect ive ly.  For  the release of  LPL from the 

v a s c u l a r  e n d o t h e l i u m  in vivo,  1000 uni ts /Kg  of  heparin  were  in jec ted  

intravenously  as descr ibed in sect ion 5.2.6. The  birds were ki l led 2 or 8  

min after  the admin is t ra t ion  o f  heparin  and  the t issues  were co l l ected  

and  placed into PBS at 0°C before  being frozen  by the m ethod  descr ibed  

in sect ion 6.2.4.

7.2.2 Lip id  s taining

A sa tu ra te d  s tock solut ion of  Oil  Red  O (S ig m a C h e m ic a l  Co.)  was 

prepared by mixing 0.5% (w/v) Oil Red O in isopropyl  alcohol  at 56°C for 

1 hour .  T h i s  s to c k  s o lu t io n  was  s u b s e q u e n t l y  s to r e d  at ro o m  

tem pera tu re .  Im m edia te ly  before  use,  6  ml  of  this s tock so lu t ion  was 

di lu ted  with 4 ml of  dis t i l led water ,  a l lowed  to s tand for  10 min and 

then  f i l t e r ed  u s ing  W h a t m a n  f i l te r  p a p e r  N o . l  ( W h a t m a n  Int  pic ,  

M a ids tone ,  Kent ,  UK).  U nf ixed  f rozen  sect ions of  bone m ar ro w  were 

p repared  as descr ibed  in sect ion 6.2.4.  The bone m arrow sect ions were 

washed  well with water  before  being placed in the stain for  1 0  minutes .  

N o n - s p e c i f i c  b a c k g r o u n d  s t a i n in g  was  r e d u c e d  by i m m e r s i n g  the 

sec t ions  for  3 min  in 70% (v/v)  a lcoho l ,  w a s h e d  in tap water  and 

c o u n t e r s t a i n e d  l igh t ly  wi th  M a y e r ' s  h a e m a t o x y l i n  as d e s c r i b e d  in
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sect ion 6.2.5.  The  t issue sect ions were m oun ted  in 90% (v/v) glycerol  in 

PBS for viewing  as descr ibed in section 6.2.6.

7.3 RESULTS

7.3.1 / m m un o s ta in in g  o f  ch icken musc le  t issues,  ad ipose  t issue and  bone  

m a r r o w

C r y o s ta t  s ec t ions  f rom  c h ic k e n  leg  m u s c l e ,  b r ea s t  m u sc l e ,  g izza rd ,  

a d ip o s e  t i s sue  a nd  b o n e  m a r r o w  w e re  p r e p a r e d  an d  the  p o t e n t i a l  

p r e s e n c e  o f  L P L  in them  in v e s t ig a t e d  u s ing  the i m m u n o f l u o r e s c e n c e  

p r o c e d u r e  d e s c r i b e d  in sec t ion  5.2.4.  The  pa t t e rn  o f  i m m u n o s t a in i n g  

ob ta ined  us ing ei ther  sheep ant i - chicken L PL  IgG or  Cal-11 IgG as the 

pr imary  ant ibody was ident ical  in all o f  the t issues  s tudied.  W h e n  non- 

i m m u n e  sheep  or  m o u s e  se rum  or  p u r i f i e d  n o n - i m m u n e  IgG was 

subs t i tu ted  for  an t i -LPL ant ibod ies ,  no s ta in ing  was obse rved  in any of

the tissues  s tudied (see control sect ions in each case).

In the  s k e l e t a l  m u s c l e s ,  b r e a s t  ( s u p e r f i c i a l  p e c t o r a l )  a n d  leg 

( g a s t roc ne m ius ) ,  a s ta in ing pa t t e rn  s im i la r  to that  ob ta in e d  in card iac

t issue was  obse rved ,  with s ta in ing  in the e x t r a ce l lu la r  mat r ix ,  at the 

ba sem e n t  m e m b r a n e  su r round ing  the m yofib r i ls  and  in assoc ia t ion  with 

the i n t e r s t i t i a l  c a p i l l a r y  e l e m e n t s  ( b re a s t  m u s c l e  F ig  7 .1 ,  A and  

gas t rocnem ius  Fig 7.2,  A). Ant ibod ie s  aga ins t  L P L  were  found  to stain 

the e n d o m y s i u m  of  ch ic k e n  ske le tal  m u sc l e  ( g a s t ro c n e m iu s )  s t rong ly  

while  showing only a weak  reaction over  the pe r imysium (Fig 7.3,  A).

T h e  pa t t e rn  o f  L P L  im m unore a c t iv i ty  was also s im i la r  in sect ions  of  

ad ip ose  t issue taken from the abdom ina l  fa t  pad ,  with in tense  s ta ining 

in associat ion  with the inters ti t ial  cap i l lary e lements  and s ta in ing at the 

adipocyte  basem en t  m em brane  (Fig 7.4,  A).

In the g izz a rd  ( c ran io ven t ra l )  m usc le ,  s t rong  im m u n o f l u o re s c e n c e  was 

o b t a i n e d  in a s so c i a t i o n  with the in te r s t i t i a l  c a p i l l a r y  e l e m e n t s  and  

m y o c y t e s  o f  the s e m i - a u t o n a m o u s  m u s c l e  l ay e r  (F ig  7.5,  A).  No 

i m m u n o r e a c t i v i t y  was  o b s e r v e d  o v e r  the  g l a n d s  o f  the  m u c o u s

m em brane  or  over  the cut ic le  l ining of  the gizzard (data  not  shown).
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A) The immunolocal izat ion of  LPL in sections of  chicken breast  
m u sc l e .

LPL was loca l ized  in cryos ta t  sect ions of  ch icken  breast  ( super f ic ia l  
p e c to r a l )  m u s c l e  u s in g  sh e ep  a n t i - c h i c k e n  L P L  IgG  in the  
immunofluorescence  labell ing procedure  descr ibed  in sect ion 6.2.4. LPL 
i m m u n o r e a c t i v i t y  w a s  c o n f i n e d  to the  b a s e m e n t  m e m b r a n e  
surrounding the myofib r i l s  (st raight  arrow) and  in assoc ia t ion  with the 
interst it ial  capi l lary elements  (curved arrow). Pr int x 595.

B) The immunolocal izat ion of  LPL in sections of  chicken breast  
muscle following an IV injection o f  heparin.

LPL was loca l ized  in c ryos ta t  sect ions of  ch icken  breast  ( super f ic ia l  
pectoral )  musc le ,  f rom a bird ki l led 2 min after  an IV inject ion  of  
heparin, using sheep ant i -ch icken  LPL IgG in the im m u n o f lu o re s c e n ce  
labe l l ing  p roce du re  d e sc r ibed  in sect ion  6.2.4.  T he  pa t t e rn  o f  L PL  
im m unoreac t iv i ty  was u nchanged  by heparin  a dm in is t ra t ion  (ie: f rom 
that shown above).  Pr int x 595.

C) Non- immune control  for the immunoloca l izat ion  of  LPL in 
chicken breast  muscle .

Cryostat  sect ions of  ch icken breast  (superf ic ia l  pectoral )  m usc le  were 
in cuba ted  with n o n - im m u n e  sheep  IgG and  p r o c e s s e d  u s in g  the 
im m unof luo rescen t  label l ing procedure  d esc r ibed  in sect ion 6.2.4.  No 
immunofluorescence  was detec ted over  the sections. Pr int  x 595.





Figure 7.2

A) The immunolocal izat ion of  LPL in sections of  chicken leg muscle .

LPL was local ized in cryostat  sect ions of  chicken leg (gas tocnem ius )  
muscle  us ing  sheep ant i -chicken  LPL IgG in the i m m u n o f lu o re s c e n c e  
labe l l ing  p rocedure  d esc r ibed  in sect ion 6.2.4.  The  pa t t e rn  of  L PL  
i m m u n o r e a c t i v i t y  w a s  c o n f i n e d  to the  b a s e m e n t  m e m b r a n e  
su rrounding  the myofibr i ls  (st raight  arrow) and in associat ion  with the 
interstit ial  capi l lary elements  (curved arrow). Pr int  x 595.

B) The immunolocal izat ion of  LPL in sections o f  chicken leg muscle  
fol lowing an IV injection of heparin.

LPL was loca l ized  in cryos ta t  sect ions  o f  ch ic ken  ( g a s to c n e m iu s )  
muscle , from a bird killed 2 min after an IV injection of  heparin, using 
sheep  a n t i - c h i c k e n  L PL  IgG in the i m m u n o f l u o r e s c e n t  l a b e l l i n g  
p r o c e d u r e  d e s c r i b e d  in s e c t i o n  6 .2 .4 .  T h e  p a t t e r n  o f  L P L  
im m unore a c t iv i ty  was u n c h a n g ed  by heparin  a d m in i s t r a t io n  (ie: to
that shown above).  Print x 595.





A) The immunolocal izat ion of  LPL in sections of  chicken leg muscle .

LPL was local ized  in cryos ta t  sect ions of  ch icken  leg (gas tocnem ius )  
m usc le  using sheep ant i -ch icken LPL IgG in the im m u n o f l u o re s c e n t  
labell ing procedure descr ibed in sect ion 6.2.4. Ant ibodies  aga ins t  LPL 
were found  to give s t rong im m unof luo rescence  ove r  the e n d o m y s iu m  
(s t raight  arrow) but little react ion was observed  over  the pe r im ys ium  
(curved arrow). Print x 595.

B) Non- immune control  for the immunolocal izat ion of  LPL in 
chicken leg muscle.

Cryostat  sect ions of  chicken leg (gastrocnemius)  muscle  were incubated  
w i th  n o n - i m m u n e  s h e e p  IgG a n d  p r o c e s s e d  u s i n g  th e  
im m unof luo rescen t  label l ing procedure  descr ibed  in sect ion  6.2.4. No 
immunofluorescence  was detected over  such sect ions.  Pr int  x 595.





A) The immunolocalizat ion of  LPL in sections of  chicken adipose 
t is sue .

LPL was local ized in cryostat  sect ions of  chicken ad ipose  t issue using 
sheep  a n t i - c h i c k e n  L P L  IgG in the i m m u n o f l u o r e s c e n t  l a b e l l i n g  
procedure descr ibed in sect ion 6.2.4. Im m unof luo rescence  for  LPL was 
intense in associat ion  with the inters t i t ia l  capi l la ry e l e m en t s  (cu rved  
a rrow).  Im m u n o re a c t iv i t y  was also found  at the p e r ip h e ry  o f  the 
adipocytes (st raight  arrow). Print x 595.

B) The immunolocal izat ion of LPL in sections of  chicken adipose 
tissue fol lowing an IV injection of  heparin.

LPL was localized in cryostat  sections of  chicken adipose tissue,  f rom a 
bird ki l led 2 min after  an IV injection of  heparin ,  us ing sheep  an t i ­
c h ic k e n  LPL IgG in the i m m u n o f l u o r e s c e n t  l a b e l l i n g  p r o c e d u r e  
descr ibed in sect ion 6.2.4. The  pattern of  LPL im m u n o re a c t iv i t y  was 
unchanged  by heparin adminis t ra t ion (ie: to that shown above).  Pr int x 
595 .

Q  Non- immune  control  for the immunoloca l izat ion of  LPL in 
chicken adipose tissue.

Cryos tat  sect ions of  chicken ad ipose  t issue (from the a bdom ina l  fat 
pad) were incubated with non- im mune  sheep IgG and p rocessed  using 
the im m unofluore scen t  label l ing procedure  de scr ibed  in sect ion 6.2.4.  
No immunofluorescence was detected over the sect ions.  Print x 595.
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Figure 7.5

A) The immunolocal izat ion of  LPL in sect ions from the gizzard 
muscle  of  the chicken.

LPL was localized in cryostat sect ions of  chicken gizzard (cranioventral)  
m usc le  us ing  sheep ant i -ch icken LPL IgG in the im m u n o f l u o re s c e n t  
label l ing procedure  descr ibed  in sect ion 6.2.4.  L P L  i m m u n o re a c t iv i t y  
was confined  to the basem ent  m em brane  su rrounding  the m usc le  cells 
( s t ra igh t  ar row)  and  in a s soc ia t ion  with the in te r s t i t i a l  c a p i l l a r y  
elements  (curved arrow).  Pr int  x 595.

B) The immunolocal izat ion of  LPL in sections from the gizzard 
muscle  of  the chicken fol lowing an IV injection of  heparin.

LPL was localized in sect ions of  chicken gizzard (cranioventral)  muscle ,  
from a bird ki lled 2 min after an IV injection of  heparin, using sheep 
an t i -ch icken  LPL IgG in the im m u n o f lu o re s c e n t  l abe l l ing  p r o c e d u r e  
descr ibed  in sect ion 5.2.4.  The pattern of  LPL im m u n o re a c t iv i t y  was 
unchanged  by heparin adminis t ra t ion (ie: to that shown above) .  Pr int  x 
595 .

Q  Non- immune control for the immunolocal izat ion  o f  LPL in 
ch icken gizzard muscle .

C ryos ta t  sec t ions  of  ch icken  g izza rd  ( c r a n io v e n t r a l )  m u s c l e  were  
in cu b a ted  with n o n - im m u n e  sheep  IgG and  p r o c e s s e d  u s in g  the 
i m m unof luo rescen t  label l ing p rocedure  desc r ibed  in sect ion 6.2.4.  No 
immunofluorescence  was detected over  the sect ions.  Pr int x 595.





In tense  i m m u n o f l u o r e s c e n c e  was  d e tec ted  in the bone  m a r r o w  o f  the 

t ibiotarsus  (Fig 7.6, A and  B) but  because  o f  the c om plex  and i r regular  

na tu re  o f  the t is sue  in te rp re ta t ion  o f  the pa t t e rn  o f  i m m u n o re a c t iv i t y

was di ff icu l t  w i thou t  coun te rs ta in ing .  Therefore ,  the t echn ique  o f  s i lver  

e n h a n c e d  i m m u n o g o ld  was used  in con junc t ion  wi th  h aem a toxy l in  and 

ha em a toxy l in  counte rs ta in ing ,  in the fur ther  s tudy of  bone  mar row.  This  

t e c h n i q u e  r e v e a l e d  l i t t l e  i m m u n o r e a c t i v i t y  o v e r  t h e  d e n s e  

h a e m a t o p o i e t i c  t is sue  (F ig  7.7,  A).  H o w e v e r ,  i n t e n s e  s t a i n in g  was 

o b s e r v e d  at  the  p e r i p h e r y  o f  l ip id  c o n t a i n i n g  c e l l s  w h i c h  w e re

se lec t ive ly  s ta ined  wi th  the l ipid dye  Oil R e d  O (Fig 7.7,  C) and in

associat ion with the vascular  e lements  (Fig 7.7, A).

In all o f  the t is sues  s tud ied ,  no i m m u n o r e a c t i v i t y  was d e te c te d  in 

associat ion with the endothel ium of  larger  blood vessels.

The  re la t ive  in te ns i ty  o f  t is sue  im m u n o re a c t i v i t y  d e t e r m i n e d  by eye,  

cor re la t ed  pos i t ively with the level o f  total  t issue L PL  ac t iv i ty  (Table

4.6) as m ea su red  in six week old broi ler  chickens.  The  order  o f  reaction 

was as fol lows : ad ipose t issue > hear t  > leg m usc le /g izza rd  musc le  > 

b reas t  m usc le .  The  im m u n o re a c t iv i t y  o f  bone  m a r r o w  was  s im i la r  in

in tensi ty  to that o f  adipose t issue,  ind ica t ing  the poss ib i l i ty  that  a high 

level  of  total t issue LPL activity was present  in chicken bone  marrow.

T he  capil lary assoc ia ted LPL in all ex trahepat ic  t issues was found  to be

p r e d o m i n a n t l y  h e p a r i n - i n s e n s i t i v e ,  s i n c e  t h e  p a t t e r n  o f  L P L

im m unof luo rescence  of  the tissues (Figs 7.1, A - 7.5, A) was unchanged  

fo l low ing  an in tr avenous  inject ion o f  heparin  in  v i v o  (Figs 7.1, B - 7.5,

B).

No  im m u n o re a c t iv i t y  c o u ld  be d e tec ted  in the l iver  o f  s ix  w e e k  old 

bro i le r  ch ickens us ing ei ther  im m unof luo re sc e nce  (Fig 7.8,  A) or  s ilver 

e n h a n c e d  i m m u n o g o ld  (data  not  shown) .  H ow ever ,  wi th in  2 min of  an 

i n t ravenous  inject ion  o f  heparin  the l ive r  s how ed  im m u n o re a c t iv i t y  for  

LPL which  close ly fo l lowed  the contours  of  the s inusoida l  spaces ,  with 

no label  being  detected in the hepatocytes  themselves  (Fig 7.8,  B). If  the 

bi rd  was k i l l ed  8  min  af ter  an i n t ravenous  hepar in  injec t ion  and  the 

l iver  r em ove d  and sect ioned ,  subs tant ia l  levels o f  LPL imm unoreac t iv i ty  

we re  obse rved  over  the s inusoids  and o ther  b lood  vessel s  (Fig 7.9,  A 

and  B). A f te r  this  l o n g e r  p e r io d  o f  hepa r in  c i r c u la t io n ,  a dd i t iona l  

im m unof luo rescence  for  LPL was also observed  within the lumen of  the 

larger  b lood  vesse ls  but  at no s tage  was s igni f icant  reac t ion  obse rved
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A and B) The immunolocalizat ion of  LPL in sect ions of  chicken bone 
m a r r o w .

LPL was loca l ized  in cryostat  sect ions of  chicken bone m ar row  taken 
from the t ibiotarsus  bone using sheep ant i -ch icken  L PL  IgG in the 
im m unof luo rescen t  labe l l ing p rocedure  descr ibed  in sect ion 6.2.4.  No 
im m unoreac t iv i ty  for  LPL was found over  the h a e m a topo ie t i c  t issue 
(arrow), print x 595.

Q  Non- imm une  control for the immunofluore scen t  loca l iza t ion  of  
LPL in chicken bone marrow.

Cryos ta t  sect ions of  ch icken bone mar row taken from the t ib io ta rsus  
bone were incubated with non- im mune sheep IgG and p rocessed  using 
the im m unof luo rescen t  label l ing procedure descr ibed  in sect ion 6.2.4.  
No immunof luorescence was detected over the section. Pr int  x 595.





Figure 7.7

A) The immunolocalizat ion of  LPL in sections of  chicken bone 
m a r r o w .

LPL was local ized in cryostat  sect ions of  chicken bone mar row taken 
from the t ibiotarsus  bone using sheep an t i -ch icken  LPL IgG in the 
s i l v e r  e n h a n c e d  i m m u n o g o l d  l a b e l l i n g  p r o c e d u r e  f o l l o w e d  by 
c o u n te r s t a in in g  with h a e m a to x y l in ,  as d e s c r i b e d  in sec t ion  6.2 .5.  
Im m unoreac t iv i ty  for  LPL was conf ined  to the ad ip o c y te  p e r ip h e ry  
(open arrow) and the associated vascular  e lements  (black arrow).  Litt le 
im m unoreac t iv i ty  was de tec ted  over  the dense  h a e m a to p o ie t i c  t issue 
(white arrow). Print x 595.

B) Non- immune  control  section for the immunolocal i zat ion of  LPL in 
chicken bone marrow.

Cryos ta t  sect ions of  ch icken  bone mar row from the t ib io ta rsus  were 
incubated  with non- im mune  sheep IgG and p rocessed  us ing  the s ilver 
enhanced  im m unogo ld  label l ing procedure  d esc r ibed  in sect ion 6.2.5.  
No immunoreact iv i ty  was detected over  the section. Pr int x 595.

C) The selective staining o f  chicken bone marrow sections, for  lipid, 
using Oil Red O.

A ccum ula t ions  of  l ipid in cryos ta t  sect ions  o f  ch icken bone  m ar ro w  
from the t ibiotarsus bone were s ta ined using Oil Red O, as descr ibed in 
sect ion 7.2.2.  Cons ide rab le  num bers  of  l ipid c o n ta i n in g  a d ip o c y te s  
( a r ro w )  were  a s s o c i a t e d  wi th  the d e n s e  h a e m a t o p o i e t i c  t i s s u e  
(asterisk).  Print x 595.





A) The lack of  LPL immunoreact ivity  in the liver of  6  week old 
bro i ler  chickens.

Cryosta t  sect ions of  6  week  old broi ler ch icken l iver  were incuba ted  
wi th  s h e e p  a n t i - c h i c k e n  L P L  IgG  an d  p r o c e s s e d  u s i n g  the 
im m unof luo re sc e n t  labe l l ing  procedure  descr ibed  in sect ion 6.2.4.  No 
immunofluorescence  was detected over  the section. Pr int  x 595.

B) The immunolocal izat ion of  LPL in sections of  the liver f rom a 6  

week old broiler chicken killed 2  min after an intravenous 
injection of  heparin.

C h ic k e n s  were  i n jec ted  wi th  he parin  and k i l l e d  a f t e r  2 m in  as 
descr ibed in section 7.2.1. LPL was local ized in cryostat  sect ions of  the 
l iver  f rom such birds  using sheep a n t i - ch icken  L PL  IgG in the 
i m m u n o f l u o r e s c e n t  l abe l l ing  p r o c e d u r e  d e s c r i b e d  in s ec t ion  6.2.4.  
Im m u n o f lu o r e s c e n c e  for LPL c lose ly  fo l lowed  the c o n to u r s  o f  the 
s inusoidal  spaces (arrow). Print x 595.





A) The immunolocalizat ion of  LPL in sections of  the liver f rom a 6  

week old broiler chicken killed 8  min after an intravenous 
injection o f  heparin.

C h ic ke ns  were  in jec ted  with hepa r in  and k i l l ed  a f t e r  8  m in  as 
descr ibed in section 7.2.1. LPL was local ized in cryostat  sect ions of  the 
l iv e r  f rom  such b i rd s  u s in g  sheep  a n t i - c h i c k e n  L P L  in the 
immunofluorescen t  label l ing procedure descr ibed in sect ion 6.2.4.  LPL 
immunofluore scence  was associated  with s inusoidal  spaces  (arrow) and 
was found to be more intense than that observed  in the l iver  2  min 
after heparin administ ra tion (Fig 7.8, B). Print x 595.

B) The immunolocalizat ion of LPL in sections of  the liver from a 6  

week old broiler chicken killed 8  min after an intravenous 
injection of  heparin.

Ch ickens  were  in jec ted  with hepa rin and  k i l l ed  a f t e r  8  m in  as 
descr ibed in section 7.2.1. LPL was localized in cryostat  sections o f  the 
l iver  f rom such birds  u s ing  sheep a n t i - ch icken  L PL  IgG in the 
immunofluore scen t  label ling procedure descr ibed in sect ion 6.2.4.  LPL 
imm unofluore scence  was assoc ia ted  with the s inusoida l  spaces  (curved 
arrow) as wel l as the endothe l ium (open arrow) and lumen o f  larger  
hepatic blood vessels (straight c losed arrow).  Print x 595.





within the hepa tocy tes  themselves  (Fig 7.9, B).

7.3.2 D e v e l o p m e n t a l  c hange s

Cryos tat  sect ions from the heart  and l iver of  chicken embryos  and 1 to 6  

da y  o ld  c h i c k s  w e re  p r e p a r e d  an d  the  L P L  l o c a l i z e d  u s in g  the

im m u n o f lu o re s c e n c e  p rocedure  descr ibed  in sect ion 6.2.4.

The  livers of  day old chicks,  20 day and 15 day old e m bryos  showed  

s t rong  im m u n o re a c t iv i t y  over  the s inusoids ,  with l it tle s ta in ing  at the 

hepa tocy te  per iphery,  and some  reac t ion  over  the endo th e l iu m  of  m ajo r  

blood vessels  (Fig 7.10,  A). There was no alterat ion in the dist r ibut ion or 

the in tensi ty  of  im m unof luo rescence  for  L PL  in the em bryon ic  l iver  or 

the  l iv e r  f rom  on e  da y  o ld  c h i c k e n s .  H o w e v e r ,  h e p a t i c  L P L

im m unoreac t iv i ty  rapid ly d imin ished  af ter  ha tch ing  and  the l iver  of  six 

day old chicks showed  only a little reac t ivi ty  over  the hepat ic  s inusoids  

( F ig  7 .1 0 ,  B) . T h i s  c o r r e s p o n d s  to the  c o m p l e t e  l a c k  o f  L P L

i m m u n o r e a c t i v i t y  in the l iver  o f  6  week  old b ro i l e r  c h ic k e n s  seen 

p rev ious ly  us ing  im m unoh is toche m is t ry  (Fig 7.8,  A) or  im m unob lo t t ing  

(Fig 6.2) techniques.

T h e  hea r t s  f rom  15 day old e m b r y o s  s h o w e d  s ta in ing  w i th in  the 

m y o c y t e s  t h e m s e l v e s  wi th  no r e l a t i v e  c o n c e n t r a t i o n  o f  L P L  in

a s so c i a t i o n  with in te rs t i t i a l  e l e m e n t s  (F ig 7 .11 ,  A),  wh ich  was  by 

con tras t  with the dis t r ibu t ion of  L PL  in one day pos t-ha tch  t issue (Fig 

7 .11 ,  C). Th is  ea r ly  e m b ry o n ic  pa t t e rn  o f  L P L  d i s t r ibu t ion  ch a n g ed  

g radua l ly ,  with the 2 0  day old e m bryo  hear t  and  day  o ld  chick  heart  

(Fig 7 .11 ,  B and  C) be ing  an in te rm ed ia te  s tage  be tw een  the ear ly

em bryon ic  pat tern (Fig 7.11,  A) and  that  obse rved  in the 6  week  old

broiler  (Fig 6.3, A). Tha t  is to say the myocyte  assoc ia ted  s taining was 

reduced  and confined  solely to the basem ent  m em brane  while  LPL was 

also concen t ra ted  in associat ion with the inters t i t ia l  capi l la ry  elements .  

The  gene ra l  level  of  total  t issue  L P L  reac t iv i ty ,  e s t im a te d  by eye,

appeared  to increase  from the 15 day old em bryo  hear t  to the 20 day 

old e m b ry o  hear t  and remain  high thereaf ter .  Th is  was because  of  an 

a p p a r e n t  i n c r e a s e  in the  i n t e n s i t y  o f  a n d  a re a  c o v e r e d  by the

im m u no la be l l ing  a ssoc ia ted  with the inters t i t ia l  capi l la ry elements .
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A) The localization of  LPL in tissue sections of  the liver f rom day 
old broi ler chickens.

LPL was local ized in cryostat sections from the l iver of  day old broi ler 
ch ickens  using sheep an t i - chicken LPL IgG in the im m u n o f lu o re s c e n t  
label l ing procedure descr ibed in sect ion 6.2.4.  I m m u n o f lu o res c e n ce  for 
LPL c lose ly  fol lows the con tours  of  the s inuso ida l  spaces  (s t ra ight  
arrow) and is also present ,  to a lesser extent , over  the endo the l ium  of  
hepat ic  blood vessels  (curved  arrow). The im m u n o f lu o re s c e n t  s ta ining 
pattern ob tained in the liver of  day old chickens  was typical  of  that 
found in the liver of  15 and 20 day old chicken embryos.  Pr int  x 595.

B) The localization of  LPL in tissue sections of  the l iver  from 6  day 
old broiler  chickens.

LPL was local ized in cryostat  tissue sections from the l iver of  6  day old 
b r o i l e r  c h i c k e n s  u s in g  s h e e p  a n t i - c h i c k e n  L P L  IgG in the
im m unofluore scen t  label ling procedure descr ibed  in sect ion 6.2.4.  Low 
level s  of  i m m u n o r e a c t i o n  were de te c te d  in a s s o c i a t i o n  wi th  the 
sinusoidal spaces (arrow). Print x 595.





A) The localization of  LPL in tissue sections of  the heart f rom a 15 
day old chicken embryo.

LPL was local ized in cryostat  sect ions of  embryonic  heart  t issue us ing  
sheep  a n t i - c h i c k e n  L P L  IgG in the i m m u n o f l u o r e s c e n t  l a b e l l i n g  
procedure descr ibed  in sect ion 6.2.4. Imm unof luo rescence  for  LPL was 
a ssoc ia ted  with equal  in tens i ty  with the card iac  m y o c y te s  ( s t ra igh t  
arrow) and interst it ial  capil lary elements  (curved arrow).  Pr int  x 425.

B) The localization of  LPL in tissue sections o f  the heart  f rom a 20 
day old chicken embryo.

LPL was localized in cryostat t issue sect ions from the heart  of  day old 
b r o i l e r  c h i c k e n s  u s in g  s h e e p  a n t i - c h i c k e n  L P L  Ig G  in the  
im m u n o f l u o re s c e n t  l abe l l ing  p r o c e d u r e  d e s c r i b e d  in sec t ion  6.2.4.  
I m m u n o f l u o r e s c e n c e  for  L PL  was  c o n c e n t r a t e d  at the m y o c y t e  
b a s e m e n t  m e m b r a n e / E C M  (s t r a ig h t  a r row )  and  at the i n te r s t i t i a l  
capil lary elements  (curved arrow).  Pr int  x 425.

Q  The localization of  LPL in tissue sections of  the heart  from day 
old broiler  chickens.

LPL was local ized in cryostat  tissue sect ions from the heart  o f  day old 
b r o i l e r  c h i c k e n s  u s in g  s h e e p  a n t i - c h i c k e n  L P L  IgG in the  
im m u n o f l u o r e s c e n t  l abe l l ing  p ro ce d u re  d e s c r i b e d  in s ec t ion  6 .2 .4 . 
I m m u n o f l u o r e s c e n c e  for  L PL  was c o n c e n t r a t e d  at the  m y o c y t e  
b a s e m e n t  m e m b r a n e / E C M  (s t ra igh t  a r row )  and  at the i n te r s t i t i a l  
capi llary elements  (curved arrow). Print x 595.



A

B
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7.4 DISCUSSION

T h e  g e n e r a l  p a t t e r n  o f  L P L  d i s t r i b u t i o n  o b s e r v e d  by 

im m unof luo rescence  in the chicken heart  (Fig 6.3, A) was found,  by the 

resul ts  of  work descr ibed in the present  Chapter,  to be typical o f  chicken 

m usc le  and adipose t issues.  In both breast  muscle  and leg musc le ,  LPL 

was found  mainly  at the basem ent  m em b ran e  o f  the m yof ib r i ls  and  in 

assoc ia t ion  with inters t i t ia l  cap i l lary e lem en ts  (Fig 7.1,  A - 7 .2 , A), a 

pat t ern  s imi la r  to that found  in the gu inea  p ig  d iap h ra g m  m usc le  by 

Camps  et al. (1990).

In the c h ic ke n  re la t ive ly  high levels  of  LPL im m u n o re a c t i v i t y  were 

found  in associat ion  with adipocytes  in both ad ipose  t issue (Fig 7.4, A) 

and in the bone mar row (Fig 7.6, A and B; Fig 7 .7 , .A) In these cases ,  

i m m u n o r e a c t i v i t y  was o b s e rv e d  at the  p e r i p h e r y  o f  a d ip o c y t e s  and  

assoc ia ted with the interst i t ial  capi l lary e lements  in the case  o f  ad ipose 

t is sue or  vascu la r  s inusoids  in the case o f  bone mar row.  W o o d  (1967) 

obse rved  that  each ad ipocyte  in chicken bone mar row m ade  at least one 

connec t ion  with the s inusoida l  endo the l ium .  This  re la tes  ad ipose  t issue 

in the bone  m ar row  to other  fat  depo ts  where  each ad ipocy te  makes  

some con tac t  with a capi l lary,  thus p rov id ing  a rich blood supp ly  in 

re la t ion to the vo lume of  metabol ical ly  act ive cy top lasm (Wood,  1967). 

It is, however ,  unclear  whe the r  bone m ar row  ad ipocytes  play an active 

role in energy  metabo l ism,  i f they regulate  lym pho-heam a topo ie s i s ,  or if 

they s imply occupy  space  (Tavassol i ,  1984; Sorrel l  and  W eis s ,  1980). 

The  loca l iza t ion  o f  subs tant ia l  levels  o f  LPL in assoc ia t ion  with the 

ad ipocytes  and blood  s inusoids  of  the bone m arrow suggests  however ,  a 

potential  role in the energy  metabol ism of  the tissue.  The bone mar row 

may,  therefore ,  r ep resen t  a s izable and as yet re la t ive ly  uncharac te r ized  

pool  o f  func t iona l  LPL in the ch ic k e n  and  p o s s ib ly  in m a m m a l ia n  

species .  The  low level of  LPL imm unoreac t i v i t y  over  the haemopoiet ic  

cells o f  the chicken bone mar row,  seen in Figs  7.6 and  7.7, correlates  

with the report  by Burgaya et al. (1989) that  the haemopoie t ic  cells of 

the neonata l-rat  l iver did not contain LPL activity.  However ,  Camps  e t  

al .  (1991)  local ized  LPL protein and m R N A  to a minori ty  of  scat tered 

m ac rophage  and rela ted cell types in the adul t  gu inea  pig spleen.  The 

sp leen ,  as an im p o r ta n t  h a e m o p o ie t i c  o rgan ,  is fu n c t io n a l ly  c lo se ly  

r e l a ted  to bone  m ar row .  LPL has p r ev ious ly  been loca l ized  on the
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surface  of  hum an  m o n o cy te -d e r iv e d  m acrophages  us ing  an im m u n o g o ld  

t e c h n i q u e  ( G o l d b e r g  et al . ,  1988b) .  T h e  p r e s e n c e  o f  s c a t t e r e d  

m a c r o p h a g e s  s yn thes iz ing  L P L  in bone  m a r r o w  w ou ld  be d i ff icu l t  to 

de tec t  be cause  o f  the high levels  o f  L PL  apparen t ly  p ro d u ce d  by the 

bone  m ar ro w  ad ipocytes .

No i m m u n o re a c t iv i t y  cou ld  be o b s e rv e d  in the l ive r  o f  6  week  old 

b ro i l e r  ch ic kens  (Fig 7.8,  A). This  con tras ts  with the obse rva t ion  o f  

C a m p s  et al. (1991)  who found s t rong s ta ining at the s inusoids  and  in 

the per iportal  area in the livers of  2-3 mon th  old gu inea  pigs.  In both 

cases this can be rela ted to the level  of  total t issue L PL  act ivi ty  in the 

l iver  of  each species. In the l iver of  6  week  old broiler  chickens,  little or 

no LPL act ivi ty can be detected (Guo et al.,  1988), while in the liver of 

2-3 m on th  o ld  gu inea  pigs  the L PL  ac t iv i ty  per  gram of  t is sue  is 

approximate ly  1 0 % of  that found in the heart  or in ad ipose tissue.

In the g u i n e a  pig,  C a m p s  et al. ( 1 9 9 0 ,  1991 )  f o u n d  s t r o n g

i m m u n o re a c t iv i t y  for  LPL over  the en d o th e l iu m  of  the larger  blood 

vessels  o f  the extrahepat ic  t issues and over  the l iver  s inusoids .  This  led 

to the suggest ion that LPL moves  away from LPL syn thes iz ing  t issues 

a long the vascu lar  endothe l ium from one binding site to the next  carried 

by the blood. ,  the LPL in the general  c i rcu la t ion  be ing  kept  low by 

degrada t ion in the liver. Therefore ,  it was p roposed  that  the dis t r ibut ion 

o f  func t iona l  LPL was gove rned  not  on ly  by syn th es i s ,  but  by the 

di s t r ibu t ion o f  LPL binding  sites within t issues.  Clear ly  in 6  week old 

broiler  chickens,  there was no ev idence  from the presen t  s tudy for  such 

a c i rcu latory  pool  of  LPL activity.  No  LPL imm unoreac t iv i ty  was found 

in the l iver  (Fig 7.8) or over  the larger  b lood  vessels  of  the extrahepat ic

t issues  s tudied (Fig 6 .6 , A and  B). It is possible  that in the chicken the

turnover  of  LPL at the capi l lary endothe l ium of  the ex trahepat ic  t issues 

is less rapid than in the guinea pig and/or  that  the l iver is more  eff icient

in the removal  and degrada t ion of  LPL from the b lood  s t ream and this

may  represen t  a more general  di ffe rence  be tween  avians and  m ammals .  

H ow ever ,  M oskow i tz  and M oskowi tz  (1965)  and  H a usm an  (1982)  both 

fai led to obse rve  LPL ac t ivi ty  over  the endo the l ium  o f  l arger  b lood  

vessels  in the m ouse  or pig respectively,  us ing an enzym e  his tochemica l  

technique ,  which may  suggest that it is the guinea pig which is a typical  

in this respect.
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In all o f  the e x t r a hepa t ic  t is sues  o f  the ch ic k e n  s tu d ied ,  poo l s  o f  

h epa r in - in sens i t ive  LPL ex is t ed  in as soc ia t ion  with the capi l la r ie s  and 

the  i n te r s t i t i a l  e x t r a c e l lu l a r  m a t r ix .  T h i s  p a t t e rn  d i f f e r s  f rom  that  

o b s e r v e d  by J o n a s s o n  et al. (1983)  who  fo u n d  that , in hu m an s ,  an 

in tr avenous  in jec t ion  o f  heparin caused  a drast ic  r educ t io n  in the LPL 

im m u n o re a c t i v i t y  ove r  the b lood  vesse ls  in  ad ipose  t issue.  T h e re  is, 

how ever ,  cons ide rab le  ev id ence  that L P L  does i ndeed  inte rac t  with the 

com ponen t s  o f  the ext race l lu la r  mat r ix  and that  a pool  o f  L PL  act ivity 

exis ts at the subendothe l ia l  basem ent  m em brane .  E ne rbac k  et al. (1988)  

c o n c lu d e d  that  heparin  and  o ther  g lyco s a m in o g ly ca n s  p robab ly  inte ract  

with a c lus te r  o f  pos i t ively charged  amino-ac id  res idues  on the enzym e  

and that the ex tr ace l lu la r  mat r ix  con ta ins  a la rge  n u m b er  o f  b ind ing  

sites for  LPL.  Chajek-Shaul  et al. (1990)  s tudied the interact ion o f  LPL 

with the subendo the l ia l  ex t race l lu la r  mat r ix ,  us ing io d in a te d  L P L  and 

cu l tu red  endothe l ia l  cells.  From their  resul ts ,  it was c o n c lu d e d  that,  i n  

v i v o ,  the s u b e n d o th e l i a l  b a s em e n t  m e m b r a n e ,  in c o m m o n  with the

e x t r a c e l lu l a r  m at r ix ,  s eques te rs  and  s tab i l i ses  L P L  s e c re te d  into the 

s u b e n d o t h e l i a l  space  by n o n - e n d o t h e l i a l  ce l l s .  T h e  s u b - e n d o t h e l i a l  

basement  m em brane  serves as a solid phase reservoi r  of  LPL on its way 

from its site of  synthesis towards its site of  action. Saxena et al. (1991a) ,  

u s ing  a s im i la r  m odel  system in v i t ro ,  p r o p o s e d  that  a r ec e p to r -

m e d i a t e d  t r a n s p o r t  s y s t e m ,  w h i c h  r e q u i r e s  h e p a r a n  s u l p h a t e  

p ro teog lycans  and  is inh ib i ted by high concen t ra t ions  o f  N E F A  on the 

basal  side o f  the endothel ia l  cells,  appears  to exis t  for  the t ransport  of 

e n z y m i c a l ly  ac t ive  LPL across  the v a s c u la r  e n d o th e l iu m .  T h e re fo re ,  

regu la t ion  of  LPL transpor t  to the luminal  surface  o f  the endo th e l iu m  

from the ba sem e n t  m e m b r a n e  may help to m o d u la te  the s ize o f  the

phys iological ly  active pool of  LPL in vivo.  Similar ly,  Scow and Chern ick

(1987)  repor ted  that  LPL can be s tored in the basem ent  m em branes  of  

l ac ta t ing  m a m m a r y  glands fo l lowed  by t rans loca t ion  to the surface  of

the du c ta l  e p i t h e l i u m  fo r  s u b s e q u e n t  r e l e a s e  i n to  the m i lk .  T h e  

observa t ion o f  a heparin insensi t ive pool  o f  LPL in associat ion  with the 

capi l lary ne tw ork  in all the ex trahepa t ic  t issues  of  the ch icken  in v ivo  

support s  these s tudies .

A f t e r  heparin  in jec t ion ,  im m u n o re a c t iv i t y  in v ivo  was found over  the 

s inusoids  o f  the liver (Fig 7.8, A; Fig 7.9, A and B) in a pattern similar  to 

that  d e s c r ib ed  by Cam ps  et al. (1991)  in the l iver  of  un trea ted  gu inea  

pigs.  This  resul t  con f i rms  the spec i f ic i ty  o f  i m m u n o s ta in in g ,  as this



observa t ion can be correla ted  with the appearance o f  LPL act ivi ty  in the 

chicken l iver after an in travenous injection of  heparin.  Guo et al. (1988) 

repor ted  that  before an in travenous  injection o f  heparin,  no LPL activity 

cou ld  be detected in the l iver  of  6  week  old broi ler  ch ickens,  however ,  

w i th in  2 min  of  such an in jec t ion,  25.6 uni ts  of  L PL  ac t iv i ty  were 

m e a s u r e d  per  gram wet  weight  of  l iver  t issue. The  p resen t  s tudy  also

co n f i rm s  the p resence  o f  h epa r in - in sens i t ive  L P L -b i n d in g  si tes in the

sinusoids  and blood vessels of  the chicken l iver  in v ivo  (Fig 7.9,  B). Such

b ind ing  si tes were  p rev ious ly  o b se rve d  by V i la ro  et al. (1988)  who

pe r fused  bov ine  L PL  through iso la ted  rat  l ivers and  iden t i f ied  heparin-  

sensi t ive and heparin - insens i t ive  L PL -b ind ing  sites in the rat  l iver ,  the

l a t te r  be ing  p re se n t  on ly  w i th in  the l ive r  s inuso id s .  T h a t  h epa r in -  

in sens i t ive  b inding  sites for  LPL were obse rved  at the endo the l ium  of  

all b lood  vesse l  types in the ch icken  l iver  m ay  rela te  to exper im en ta l

di ff e rences  be tween  the present  s tudy and  that  of  Vilaro et al. (1988) ,  

r a t h e r  than  to a poss ib le  spec ies  d i f f e re n c e .  V i la ro  p e r f u s e d  n o n ­

satura t ing levels of LPL from a different  species  through the isolated rat 

l iver  in vitro,  whereas  in the present  s tudy  po ten t ia l ly  sa tura t ing  levels 

of  ch icken  LPL were released into the circulat ion to be absorbed  by the 

chicken l iver in vivo.

The  r e p o r t e d  t is sue specif ic  de v e lo p m en ta l  ch a n g es  in L PL  ac t iv i ty  

(Cryer,  1987) may well be a response  to the metabo l ic  t ransi t ions which

occu r  du r in g  deve lo pm en t .  In rats,  metabol i c  t rans i t ions occur  at birth 

f rom a main ly  ca rbohydra te  and N E FA -de r ive d  calor ie  supply (avai lable  

f rom  the m a te rn a l  c i r cu la t ion )  to a p r im a r i ly  t r i a c y l g ly c e r o l - d e r i v e d  

supp ly  du r in g  suck l ing  (Cryer ,  1987)  and  at wean ing ,  w hen  m i lk  is 

subs t i tuted  by rat  chow with a 70% carbohydra te  and <5% l ipid content .  

In birds ,  on hatch ing,  the metabol ic  t ransi t ion is f rom a p redom inan t ly

tr iacy lg lycero l  energy supply der ived  from the yo lk  sack to a basical ly  

c a r b o h y d r a t e  d i e t ,  as b r o i l e r  s t a r t e r  d i e t s  c o n t a i n  o v e r  7 0 %  

carbohydra te  and <5% lipid.

Many studies have shown the presence  of  e levated levels of  LPL activity 

in n e o n a ta l  ra t  l iver  (B u r g a y a  et al.,  1989,  P e i n a d o  et al . ,  1990) .  

G i m e n e z - L l o r t  et al.,  (1991),  using the isolated per fused  rat  l iver  as a 

model  system, conc luded  that  the LPL ac t ivi ty  present  in the neonatal  

ra t  l ive r  was  f u nc t iona l  in that  it had  the c a p a c i ty  to h y d r o ly z e  

c i r c u la t in g  t r i acy lg lyce ro l .  Re c e n t ly ,  Speake  et al. (1992)  p ropose d  a
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major  role for  LPL in the t issue-specific  ut il izat ion o f  yo lk -der ived  lipid 

in the ch icken embryo .  In the present  s tudy, s igni f icant  levels  o f  LPL 

im m u n o re a c t i v i t y  were  f o u n d  in the e m b r y o n i c  and  day  old b ro i l e r  

ch icken  l iver  (Fig 7.10,  A). The  low level of  im m unoreac t iv i ty  in the 

ch ic ken  l iver  6  days af ter  ha tch ing  (Fig 7.10 ,  B)  was s im i la r  to the 

o bse rved  fall in LPL act ivi ty  o f  rat  l iver  dur ing  pos tna ta l  deve lopm en t  

(Lopez-Te je ro ,  1988)  a l though the reduc t ion  is cons id e rab ly  m ore  rapid 

in the l iver  of  chickens. This  observa t ion may  be related to the init iat ion 

o f  hepa t ic  l ipogenesis  in m am m al ian  and  avian species  ie: the po in t  at 

which the l iver  becomes  a net  export e r  o f  t r i acy lg lycero l .  In ch ickens  

the onse t  o f  hepatic  l ipogenesis  is a s soc ia ted with ha tching  (Goodr idge ,  

1968) while  in rats it is assoc ia ted with wean ing  (Henning ,  1981). The  

di s t r ibut ion o f  LPL within em bryon ic  and  day o ld  ch icken  l iver  agrees  

with that  obse rved  by Vilaro et al. (1988)  in new born rats,  with LPL 

be ing  p resen t  wi th in  the s inuso ids  and to a l e s se r  e x te n t  ove r  the 

endo the l ium of  larger  blood vessels.  Camps  et al. (1990)  postu la ted  that 

i m m u n o r e a c t i v i t y  a s so c i a te d  with the e x t r a c e l lu l a r  m a t r ix  m ay  be a 

character is t ic  of  t issues where LPL is being synthes ized and  de l ivered to 

the vascu la r  endo the l ium . The  p resence  o f  L PL  on ly  at the vascu la r  

endo the l ium  (as seen in the em bryon ic  and  day  o ld  ch icken  l iver , Fig

7.10 ,  A) is therefo re  an ind ica t ion  of  l it tle L P L  syn thes is  o ccu r r ing  

within that  t issue.  The  amount  of  LPL m R N A  in the l iver  of  day  old 

broi le r  ch ickens  has been c o m p a red  to that  p resen t  in the l iver  of  6  

week  old broi ler  ch ickens  (where no LPL activi ty  or  im m unoreac t iv i ty  

can  be de tec ted) .  Nor thern  blot and  dot  blot ana lys i s  o f  total  t issue 

m R N A  using a r iboprobe  specif ic  for  ch icken  LPL m R N A  has revealed 

the p resence  of  only small  amounts  of  LPL m R N A  at both s tages  of  

deve lopm ent ,  with the levels of  LPL m R N A  being s l ight ly  higher  in the 

l iver  o f  6  week old broilers  (personal  c om m un ica t ion  S.C. But terwith) .

From this, it can be conc luded  that only low levels of  LPL protein are 

synthes ized in the chicken l iver at any s tage of  development .  H o w e v e r ,  

the relat ive ly high levels  LPL presen t  in the l iver  of  day old broi ler  

ch ickens  cannot  be accounted  for  by synthesis  in cons t i tuent  l iver  cells. 

Thi s  is in ag reem en t  with work  in rats which  c o nc lude d  that  the low 

levels of  LPL m R N A  detected in the l iver prenatal ly  or  on day one could 

not  account  for  the substantial  LPL act ivi ty de tec ted  in the rat  l iver  at

these t imes and  the enzym e  activity  must  o r ig ina te  f rom other  t issues

and be a nchored  on the hepatic vascu la r  endo th e l iu m  (Sem enkov ich  e t  

al. ,  1989). A similar  conclusion was reached by Camps et al., (1991)  who
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found s ignif icant  levels o f  LPL protein in the l iver  of  the guinea  pig but 

no d e t e c ta b l e  a m o u n t s  o f  L PL  m R N A .  T h e re  is a lso c o n s id e r a b l e  

similari ty in the dis t ribut ion of  LPL in the embryon ic  or  day old chicken 

l iver  (Fig 7.10,  A) and  in the l iver  o f  6  w eek  old bro i le rs  in jec ted  

in t ravenous ly  with heparin  (Fig 7.9,  A and B). In the la t ter  case,  the 

enz ym e  is known to be der ived  by absorp t ion from the b lood  s tream of 

L PL  re le ase d  from the ext rahepa t ic  t issues  by heparin .  The  absorp t ion  

o f  L PL  f rom the b lood s t ream is therefo re  a poss ib le  source  o f  the 

s inusoida l  a ssoc ia ted  LPL in the em bryon ic  and  day old ch icken liver.  

The  e levated levels of  LPL in the embryonic  or  day old chicken l iver in

relation to the liver o f  6  week  old broilers  may be due to e i ther  a fas ter

tu rnover  of  LPL at the vascu la r  endothe l ium o f  the ex tr ahepa t ic  t issues 

causing  increased levels  o f  c i rculat ing LPL or  by reduced  degradat ion  of  

LPL in the liver itself.

In the p resen t  s tudy,  an increase  in the in tens i ty  of  total t issue  LPL

im m unoreac t i v i t y  f rom the 15 day old em bryo  hear t  to the 20 day old

embryo  heart  (Fig 7.11,  A-C) was observed  and this is s imilar  to changes 

which occur  in the measured  levels of  LPL activity. Speake et al. (1992) 

found  the total LPL act ivity of  ch icken  cardiac t issue to double  between 

days  12 and  16 of  e m bryon ic  d e v e lopm en t .  A s im i la r  de v e lo p m en ta l  

pa t t e rn  has a lso been rec o rde d  in the L P L  ac t iv i ty  and L PL  m R N A  

conten t  o f  rat ca rdiac tissue. Semenkovich et al. (1989)  found that in the 

rat  heart  LPL m R N A  was detected at low levels 6  days before birth and 

inc reased  278 fold as the an imal  g rew  to adu l thood .  T a v a n g a r  et al.

(1992)  also found LPL m RNA in foetal and neonatal  rat  hearts to be low 

and  to i n c r e a s e  1 1  fo ld  by 60 da ys  r e m a i n i n g  h igh  the r e a f t e r .  

C o r re spond ing  deve lo pm en ta l  pa t terns  are seen in the levels  o f  ca rdiac 

t issue e nzym e  activi ty,  with LPL very low in the foetus  and r is ing  to 

adu l t  levels  du r in g  suck l ing  (P la nche  et al.,  1980;  C rye r  and  Jones,  

1978). In the chicken heart  the increase in LPL appears  to be associated 

with embryonic  deve lopm ent  and the onset  of  hatching,  while in the rat 

these changes  are assoc ia ted with postnatal  deve lopm en t  and  suckl ing.

The  de ve lopmenta l  changes in the pattern of  L PL  dis t r ibu t ion that  occur  

in the e m b r y o n i c  ch icken  hear t  are s im i la r  to those  o b s e r v e d  by

H a u s m a n  (1982)  in the  p ig  foe tus  u s ing  an e n z y m e  h i s to c h e m ic a l  

technique.  Capi l lar ies  were s ta ined for  LPL act ivi ty only in 85 day old

and olde r  foetuses  and in young pigs.  H ausm an  conc luded  that  in pig
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foetal  ad ipose  t issue the ce l lular  synthesis  o f  LPL and  cap i l lary s ta ining 

w ere  no t  c o n c u r r e n t  even ts  as the ad ipoc y te s  were  c a p a b le  o f  L PL  

synthesis  before  t ransport  o f  the LPL to or  across the capi l lary wall  was 

possible . Similar ly ,  in the 15 day old chicken embryo  a low level o f  LPL 

was a s soc ia ted  with the capi l la r ies  of  the hear t  a l though  cons ide rab le  

activi ty  was associated  with the cardiac m yocy tes  (Fig 7.11,  A). At  this 

s tage o f  deve lopm en t  the capi l lar ies  o f  the em bryon ic  ch icken hear t  are 

a s s o c i a t e d  wi th  a b a s e m e n t  m e m b r a n e  ( K i t t e n  et  al. ,  1987).  It is 

therefore  possible  that, as descr ibed by Flausman in the pig,  the ce l lular  

syn th es i s  o f  L P L  and  cap i l la ry  a c cum ula t ion  o f  the e n z y m e  are not

c o nc u r re n t  events  in the d e v e lo p m en t  o f  the e m bryon ic  ch icken  heart .  

T he  na tu re  o f  the d e v e lo p m e n ta l  t r igge r  fo r  L PL  t ra n s p o r t  to and 

a c c u m u l a t i o n  at the  i n t e r s t i t i a l  c a p i l l a r y  e l e m e n t s  is p r e s e n t l y  

uncha rac te r iz ed ,  a l though it may  perhaps  require  the expre ss ion  of  the 

L PL  recep to r ,  r ecen t ly  cha rac te r ized  by Saxena  et al. (1991b) ,  by the

capi l lary endothe l ia l  cells.

Stein et al. (1991)  and Chajek et al. (1977)  have corre la ted  the postnatal  

m orpho logica l  changes of  the rat  heart  with the rise in the level of  heart 

LPL act ivi ty  over  a s imilar  per iod.  These  workers  found  that , f rom 3 

days before  to 2 0  days after  birth, there  was a progress ive  increase in

the num ber  o f  capi l lar ies  and  in the area cove red  by the in te rce l lu la r

spaces  in sect ions o f  ra t  cardiac t issue.  Similar ly ,  the increase  in LPL

im m u n o re a c t iv i t y  of  the ch icken hear t ,  f rom that  o b s e rv e d  in the 15

day old embryo  (Fig 7.11, A-C),  may also relate  to such morphologica l  

c h a n g e s  w h ich  o c c u r  in the c ap i l l a ry  bed  and  in the s ize o f  the

extrace l lula r  spaces of  chicken cardiac musc le  as wel l as the init iat ion of

t ransport  o f  LPL from the cardiac myocytes  to these  com par tm en ts .  In

s u p p o r t  o f  th is  s u g g e s t i o n ,  the  m y o c a r d i a l  c a p i l l a r y  be d  and  

e x t r a c e l lu l a r  spaces ,  which  are r e s p o n s ib le  fo r  a lm o s t  all the LPL 

i m m u n o r e a c t i v i t y  o f  m a t u r e  c h i c k e n  c a r d i a c  t i s s u e ,  a p p e a r  to 

p rogres s ive ly  inc rease  in re la t ive  size and  in tens i ty  of  im m u n o s ta in in g  

from that  observed in the 15 day old embryo  to the day  old chick (Fig

7.11, A-C).
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CHAPTER 8

As d iscussed  in Chapter  2, the precise  quant i ta t ive role  p layed  by LPL in 

the p a r t i t i o n in g  o f  l ipop ro te in  t r i a cy lg ly c e ro l  b e tw e en  t is sues  which 

may  use the N E FA  for oxidat ion and/or  s torage is unclear.  Similar ly ,  the 

e x a c t  qua n t i t a t ive  re l a t ionsh ip  be tw een  the m e a s u r e d  L P L  ac t iv i ty  of  

ad ipose  t issue  and  the rate  o f  fat  depos i t io n  in birds  has ye t  to be 

def ined .  Recen t  reviews  by Bensadoun  (1991)  and Griff in  et al. (1992)  

have  bo th  h ig h l ig h te d  the r e q u i r e m e n t  fo r  the  d e v e l o p m e n t  o f  new 

methods  and approaches to assess  the funct ional  L PL  capaci ty  of  a given 

t issue and its contr ibut ion to the l ipoprotein t r iacylg lycerol  N E FA  uptake 

in vivo.  Such m easu rem en ts  may lead to the full  charac te r iza t ion  of  the 

role played by the enzyme in pl asm a  t r iacylglycero l  pa r t i t i on ing  and fat 

d e p o s i t i o n .

The  initial  ob jec t ive  of  the project ,  descr ibed  in the previous Chapters ,  

was the deve lopm en t  of  a technique for  the m easu rem en t  o f  the amount  

of  L PL  protein at the luminal  endothel ia l  surface of  the capi l lary bed of  

i n d iv idua l  t is sues  in vivo.  T h e  i m m u n o l o g i c a l  t e c h n i q u e  a t t e m p t e d  

r equ i r ed  the product ion  and use, in vivo,  o f  an iod ina ted  an t i - ch icken  

LPL  m o n o c l o n a l  an t ib o d y  and  w ou ld  in theo ry  have  a l l o w e d  the 

r e p r o d u c ib l e  and  r a p id  m e a s u r e m e n t  of  the a m o u n t  o f  e n d o th e l i a l  

surface LPL in m any  different  t issues f rom a s ingle  individual .  Chapters  

2 and  3 d esc r ibed  work ne cessa ry  fo r  the p roduct ion  o f  ant i -ch icken  

L P L  m onoclona l  antibodies .  Although  useful  m o n o c lo n a l  an t ibodies  were 

p roduced ,  the m onoc lona l  an t ibody  (Cal-11) ,  which  had  been p repa red  

and ex tens ive ly  charac te r ized  by G ershenw a ld  et al. (1985),  was used to 

inves t iga te  the possibi l i t ies  of  the technique.

In both the p e r fu sed  hear t  model  system and  in vivo,  the  s p e c i f i c  

b in d in g  (hepar in - rel easable)  of  the iod ina ted  an t ibody  to capi l la ry  LPL 

was demons tra ted .  However ,  the levels o f  specif ic  b inding were low and 

unable  to give an accura te  indicat ion  of  the am oun t  o f  L PL  presen t  at 

the luminal  surface of  the capil lary endothe l ium o f  ind ividual  t issues.

Al though  at t empts  to m easu re  func t ional  L PL  levels  in v ivo  us ing the 

binding  of  label led  an t ibodies  were ju d g e d  unsuccess fu l ,  the re lease of
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LPL  ac t ivi ty  by heparin perfusion o f  the i so la ted  heart  was successfu l  

and was used to assess the relative sizes of  the funct ional  pool  of  LPL 

bound  by heparan -su lpha te  p ro teog lycans  at the luminal  surface  of  the 

vascu la r  endo th e l iu m  of  cardiac t issue taken from ch ickens  in a varie ty 

o f  nu t r i t i ona l  s ta tes.  U s in g  this  t echn ique  it was f o u n d  that  a low 

percen tage  (2-3%) o f  the L PL  act ivi ty  present  in ch icken  cardiac t issue 

was re l e a sa b le  by hepa r in -p e r fu s io n  in e i t he r  the fu l l y - f e d  or  fas ted  

s ta tes.  A l though  the t echn ique  has been used  by others  to inves t iga te  

the func t iona l  pool  o f  LPL act ivi ty  in, fo r  example ,  rat  ca rd iac  t issue 

(Bagby,  1983; Borensztajn  and Robinson,  1970), the work  repor ted  here 

r ep re sen te d  the f irst  such inves t iga t ion  of  the pu ta t ive  endo the l ia l  pool 

o f  LPL activity in any avian tissue. Direct  comparat ive  s tudies  using the 

techn ique  s how ed  that s ignif icant  species  di ff e rences  occur  be tw een  rats 

and chickens  in the nutri tional regulat ion of  funct ional  LPL activity.  The 

presen t  s tudy also found  the hydrolysi s  o f  [ ^ C ]  l a b e l l e d  l ipopro te in  

t r iacy lg lycerol  and the uptake of  the r eleased NEFA, to be low in the 

m u sc u la r  t issues ,  by compar ison  with the ad ip ose  t issues ,  o f  ful ly-fed  

broi ler  chickens. The low percentage of  total t issue LPL act ivi ty  re leased 

by heparin  in ch icken  cardiac t issue cor re la tes  with the low level  of  

l i p o p r o t e i n  t r i a c y lg ly c e r o l  N E F A  u p ta k e  by the m u s c l e  t is sues  in 

com p a r i s o n  to their  total  t issue L PL  act ivi t ies .  Th is  ind ica tes  that  in 

broiler chickens the relative levels of  funct ional  L PL  act ivi ty may play a 

role  in p l a s m a  l ipopro te in  t r i acy lg lyce ro l  N E F A  p a r t i t ion ing  be tw een  

musc le  and  ad ipose tissue.

Due  to the low p e rcen tage  of  total t issue  LPL ac t iv i ty  r e l eased  by 

hepa r in -pe r fus ion  o f  the isolated  chicken heart ,  it b ecam e im por ta n t  to 

invest igate  the precise  location of  the LPL within ch icken  tissues.  Using 

the an t i - chicken LPL antibodies  (the product ion of  which is descr ibed  in 

C h a p t e r  3) c o u p l e d  wi th  i m m u n o f l u o r e s c e n t  or  s i l v e r  e n h a n c e d  

i m m u n o g o ld  de tec t ion  systems,  no obse rvab le  d i f fe rence  in the pattern 

of  L PL  im m unoreac t iv i ty  was o bse rve d  in ch icken  ex tr ahepa t ic  t issues  

before  or  af ter  an in travenous  inject ion o f  heparin  in v ivo  or  heparin 

p e r f u s io n  in v itro.  This  confi rms  the resul ts  of  the p e r fu sed  heart  

s tudies  which indicated that a low percentage of  total t issue L PL  activity 

is heparin- re leasab le  in ch icken cardiac tissue.

1 1 4



T h e  i m m u n o c y t o c h e m i c a l  s t u d i e s  s h o w e d  th e  e n z y m e  to be 

p r e d o m i n a n t ly  lo c a t e d  in an e x t r a c e l lu l a r  loca t ion ,  at  the b a s e m e n t  

m e m b r a n e  o f  the  t i s sue  p a r e n c h y m a l  ce l ls  or  in a s s o c i a t i o n  with 

i n te r s t i t i a l  c a p i l l a r y  e l e m en ts .  U s in g  i m a g e  ana ly s i s ,  the in te r s t i t i a l  

capi l la ry e lements ,  which  rep re sen ted  approx im ate ly  6 % of  the f ie ld  of  

v iew of  sect ions of  the ch icken  m yoca rd ium , a ccoun ted  for  46% of  the 

area im m u n o s ta in e d  for  LPL.  This  c om pa r tm e n t  was also found  to give 

the s t ronge s t  r eac t ion  to a n t i -L P L  an t i bod ie s ,  i n d i c a t i n g  the speci f ic  

accumula t ion of  LPL at this site.

The  d is t r ibu t ion  o f  LPL found in the present  s tudy o f  ch icken t issues  

was s imila r  to the d i s t r ibu t ion o f  basem en t  m em b ran e  heparan  sulpha te  

p r o t e o g l y c a n s ,  s u r r o u n d i n g  the  t i s s u e  p a r e n c h y m a l  c e l l s  an d  the 

i n t e r s t i t i a l  c a p i l l a r y  e l e m e n t s ,  o b s e r v e d  in p r e v i o u s  s tu d i e s  by 

Couchm an and  Ljubimov (1989)  in the mouse;  Fe rnandez  et al. (1991)  in 

the ch icken;  Sch le icher  et al. (1989) in m an  and  Soroka  and  Fa rquhar

(1991)  in the rat .  A n t ibod ie s  aga in s t  L PL  were  f o u n d  to stain the 

e n d o m y s i u m  o f  the c h ic k e n  g a s t o c n e m i u s  m u s c l e  s t r o n g l y  w h i le  

s h o w i n g  o n ly  a w e a k  r e a c t i o n  o v e r  the  p e r i m y s i u m .  S i m i l a r ly ,  

F e r n a n d e z  et al. (1991) found  that  heparan  su lpha te  p ro teog lycans  are 

loca ted  p redom inan t ly  in the e n d o m y s iu m  of  the ch icken  gas tocnem ius  

m u s c l e .

F rom  these  s tudies  and  the a c c u m u la t e d  e v id e n c e  o f  othe rs ,  severa l  

conc lus ions  can be m ade  on the secre t ion,  t r anspor t  and  regu la t ion  of  

L P L  wi th in  ch ic k e n  t is sues  and  Fig 8.1 r e p r e s e n t s  a d i a g r a m a t i c

sum m ary  of  dis t r ibut ion of  LPL within chicken cardiac tissue.

That  LPL is p robab ly  t ransported rapid ly out  o f  the t issue pa renchymal  

cells in which it is synthes ized was shown by the low observable  levels 

o f  LPL im m unoreac t iv i ty  within the cy toplasm of  the pa renchym al  cells 

of  chicken tissues in the present  study and in guinea pig t issues  (Camps 

et al., 1990, 1991). Similar ly ,  Liu and Olivec rona  (1991) conc luded  from 

the resu l ts  o f  pu lse  chase  e x p e r im e n t s  us ing the i so la ted  p e r fu sed  

gu inea  pig hear t  that LPL was t ransport ed  rap id ly  out  of  the cardiac

myocy tes .  The  lack of  a pe r i -nuclear  pool  o f  L P L  does not  support  the

proposal  that LPL is a crypt ic  enzyme and s tored in the cisternae of  both 

ad ipocytes  and musc le  cells as p roposed  by V annie r  et al.,  (1989)  and
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Figure  8.1 P roposed  dis t ribut ion of  LPL within ch icken  cardiac tissue.

capillary  endothelium
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♦  = lipopro te in  lipase
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F r o m  t h e  r e s u l t s  o f  i m m u n o c y t o c h e m i c a l  s t u d i e s  o f  L P L  d i s t r i b u t i o n  in
c h i c k e n  c a r d i a c  t i s s u e  ( s e c t i o n  6 . 3 .3 )  a nd  h e p a r i n  p e r f u s i o n  s t u d i e s  o f  the
i s o l a t e d  c h i c k e n  h e a r t  ( s e c t i o n  4 . 3 . 2 ) ,  a m o d e l  f o r  t h e  d i s t r i b u t i o n  o f  L P L
w i t h i n  c h i c k e n  c a r d i a c  t i s s u e  c a n  b e  p r o p o s e d .

Q u a n t i t a t i v e l y  i m p o r t a n t  p o o l s  o f  L P L  w e r e  f o u n d  in a s s o c i a t i o n  w i t h  the
b a s e m e n t  m e m b r a n e  a n d  E C M  s u r r o u n d i n g  t h e  c a r d i a c  m y o c y t e s ,  w h i c h  
t h e m s e l v e s  c o n t a i n e d  lo w  le ve l s  o f  the  e n z y m e .

A n o t h e r  s u b s t a n t i a l  p o o l  o f  th e  e n z y m e  w a s  f o u n d  in a s s o c i a t i o n  w i t h  the  
i n t e r s t i t i a l  c a p i l l a r y  e l e m e n t s ,  p r o b a b l y  c o n c e n t r a t e d  a t  t h e  s u b -
e n d o t h e l i a l  E C M  o r  a t  the  v a s c u l a r  b a s e m e n t  m e m b r a n e  ( C h a j c k - S h a u l  e t  
a l . , 1990) .

E n z y m e  a t  t h e s e  s i t e s  w a s  no t  r e l e a s e d  b y  p e r f u s i o n  w i t h  h e p a r i n  a n d  is 
p r e s u m a b l y  n o n - f u n c t i o n a l .

O n l y  a s m a l l  p e r c e n t a g e  o f  t h e  to ta l  c a r d i a c  t i s s u e  L P L  a c t i v i t y  w a s  
r e l e a s a b l e  by  h e p a r i n  p e r f u s i o n  o f  t h e  i s o l a t e d  c h i c k e n  h e a r t .  I t  h a s  b e e n  
p r o p o s e d  t h a t  t h i s  h e p a r i  n - r c l c a s a b l c  f r a c t i o n  o f  e n z y m e  a c t i v i t y
r e p r e s e n t s  the  f u n c t i o n a l  po o l  o f  e n z y m e ,  p r e s e n t  at  t h e  l u m i n a l  s u r f a c e  o f
t h e  c a p i l l a r y  e n d o t h e l i u m  ( F i e l d i n g  a n d  H i g g i n s ,  1 9 7 4 ;  R o g e r s  a n d  
R o b i n s o n ,  197 4) .



P r a d in e s - F ig u e r e s  et al. (1990) .  Indeed,  only when cu l tu red  ad ipocytes  

were  t rea ted with m onens in ,  w h ich  blocks  the t ranspor t  o f  secre tory 

proteins  at the level  o f  the cis te rnae o f  the Golgi ,  has the pe r i -nuc lear  

imm unoloca l i za t ion  o f  LPL been observed  (Vannie r  et al., 1985).

T h e  p r o p o s e d  c o - l o c a l i z a t i o n  o f  L P L  w i th  h e p a r a n  s u l p h a t e  

p r o te og lyca ns  suggests  that L PL  secre ted  from the t is sue  p a re nc hym a l  

cells rapidly associates  with these and other  LPL binding  com ponen ts  of  

the basem en t  m em brane s  and ext race l lu la r  matr ix .  The  accum ula t ion  of  

the enzym e  at these s t ructures  suggests  the ext race l lu la r  s torage of  LPL 

in assoc ia t ion with heparan  sulphate p roteog lycans  may  occur  in chicken 

t i s sues .  It has p r e v io u s ly  been p r o p o se d ,  f rom s tud ie s  on bov in e  

endo th e l ia l  cel ls  in vi tro,  that the s u b e ndo the l ia l  b a s e m e n t  m e m b r a n e  

serves  as a sol id -phase  rese rvo ir  of  L P L  on its way from its s ite of  

synthesis  towards its site of  action (Chajek-Shaul  et al., 1990).

In ch icken cardiac t issue the large accum ula t ion  of  LPL present  at the 

in te rs t i t i a l  cap i l l a ry  e le m en ts  con t ra s t s  with the low level s  o f  LPL 

ac t iv i ty  r e l eased  by heparin  perfus ion o f  the i so la ted  heart ,  the lat ter 

p r e s u m a b ly  rep re sen t ing  enzym e  loca ted  at the luminal  surface  of  the 

cap i l la ry  endo the l ium .  The  large pool  of  e n z y m e  as so c i a te d  with the 

in te rs t i t i a l  ca p i l l a ry  e l e m en t s  m ay  th e r e fo r e  be c o n c e n t r a t e d  at the 

v a s c u l a r  b a s e m e n t  m e m b r a n e  or  at the s u b -e n d o t h e l i a l  e x t r a c e l lu l a r  

matr ix  (where it is inaccessible  to heparin in the p lasm a  or perfusate)  

in the presence  o f  large amounts  of  heparan  sulphate  p ro teog lycans  (Fig 

8 . 1 ). It is possible  that in chickens one of  the controls  o f  the level of  

funct ional  LPL may be exerc ised  by the rate of  t ransport  o f  the enzyme 

from the subendo the l ia l  pool  to the lumina l  su r face  o f  the cap i l la ry  

endo the l ia l  cel ls .  This  t ransport a t ion  p rocess  m ay  be a ff ec te d  by the 

l o ca l i z e d  N E F A  con c en t ra t io n  at the basal  e n d o th e l i a l  cel l  su rface,  

potent ia l ly  a l lowing the funct ional  pool  of  LPL to respond  rapidly  to the 

p hys io lo g ica l  r eq u i r e m e n ts  of  the t issue.  Such  a m e c h a n i s m  fo r  the 

r egu la t ion  o f  func t iona l  L PL  levels  has p rev ious ly  been  p roposed  by 

S a x e n a  et  al. ,  (1991a)  f rom the  resu l t s  o f  s tud ie s  u s ing  c u l tu red  

endo thel ia l  cells.  In this in vitro system, these au thors  found  that  high 

c oncen t ra t ions  o f  N E F A  on the basal  s ide o f  the cells  in h ib i ted  the 

heparan  su lpha te  p ro te og lyca n  d e p e n d an t  t ran s loca t ion  o f  the enz ym e  

to the apical cell surface.  Any regulatory changes occurr ing  in the rate of  

syn thes i s  or  secre t ion  o f  L PL  by ch icken  p a re n c h y m a l  ce l ls  w ou ld
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simply  add  to the subs tant ia l  pool s  o f  enz ym e  ac t ivi ty  p resen t  in the 

e x t r a c e l lu l a r  m a t r ix  o r  in a s so c i a t i o n  wi th  the in te r s t i t i a l  ca p i l l a ry  

e l e m e n t s  and  not  to the f u nc t iona l  pool  o f  e n z y m e  p re s e n t  at the

lumina l  su rface  of  the capi l la ry  endo the l ia l  cel ls .  In suppo r t  o f  this,  

D o o l i t t l e  et al. (1990)  c o n c lu d e d  that ,  in ra t  a d ip o s e  t is sue ,  the 

n u t r i t i o n a l  r e g u l a t i o n  o f  L P L  a c t i v i t y  in v ivo  o c c u r r e d  p o s t -  

t ransla t iona l ly  with the redis t r ibut ion  o f  LPL within ad ipose  tissue.

A l though  it appear s  that  a t r anspor t  based  regu la t ion  m e c h a n i s m  may  

wel l  be c o m m o n  to both chickens and m am m a l ia n  species ,  the response  

to a per iod of  fas ting on the funct ional  pool  of  LPL activity is different  in 

rat  and ch icken  cardiac tissue. Upon fast ing,  no s ign if icant  di ffe rence  in 

the percen tage o f  total t issue LPL act ivi ty  r e leased  by heparin perfusion 

of  chicken hearts was obtained.  In rats,  fas t ing was found  to cause  a 5- 

fold increase  in the percen tage  of  total t issue L PL  activi ty  re leased  by 

heparin .  This  increase  in the hepa r in - re lea sab le  L PL  ac t iv i ty  was due

a lm os t  co m p le te ly  to the r ed is t r ibu t ion  of  L P L  wi th in the rat  hear t ,

because  fas t ing resu l ted in no de tec tab le  change  in the heparin -re s idua l  

LPL act ivity of  the t issue and only a 22% increase in the level of  the 

total  ca rd iac  t is sue  L PL  ac t iv i ty .  J a n se n  et al. ( 1 9 8 0 )  e f f e c t i v e l y

dem ons t ra ted  the red is t r ibut ion o f  LPL in the hearts  of  fas t ing rats by 

s e p a r a t e l y  c o l l e c t i n g  the  c o r o n a r y  an d  i n t e r s t i t i a l  p o s t - h e p a r i n  

perfusates .  The  LPL act ivi ty  present  in the coronary  eff luents  f rom the 

hear t s  of  f as ted  rats were  h igher  than  those  o f  fed rats,  wh ile  the 

oppos i t e  was t rue for  the enz ym e  ac t ivi ty  in the inte rs t i t i a l  eff luents .

T he  r e d i s t r i b u t io n  o f  LPL ac t iv i ty  w i th in  rat  c a rd iac  t is sue  du r ing

fas t ing  is cons is ten t  with the opera t ion  of  a t ransport  based  regula tory  

m echan ism  for funct ional  LPL rather  than the occur rence  o f  regulatory  

changes  in LPL synthesis  and/or  secret ion by the cardiac myocytes .

The  resul ts  of  the work  descr ibed  in Chap te r  7 suggest  that  LPL may

play an im por ta n t  role  (com m on  to both avians and  m am m a ls )  in the

m atura t ion  and deve lopm en t  of  indiv idual  t issues.  There  have been few 

previous studies publ ished on the role played by LPL in the growth and 

m atura t ion  o f  t issues  during early  de ve lopm en t  in birds.  In the present  

study, cons iderable  similari t ies were found in the t issue specif ic  changes 

in LPL d is t r ib u t io n  in ch ic kens  du r in g  ear ly  d e v e lo p m e n t  and  those 

p rev ious ly  r epor ted  in rats and pigs  (Vila ro  et al.,  1988;  H a u s m a n ,  

1982) . This  is desp i t e  the d i f f e r ing  nu t r i en t  t rans i t io ns  w h ich  occu r
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be tw een  the chicken on ha tch ing and in m am m als  dur ing birth, suckl ing  

and  weaning.  It has been suggested  that  L P L  may  p lay  a role  in the 

accum ula t ion  o f  l ipid in the rat  l iver  dur ing  ges tat ion  ( Jam dar  et al., 

1978) and the enzym e  may  therefore  play a s imi lar  role  in the reported 

accum ula t ion  of  l ipid in the embryonic  chicken l iver  (Noble,  1986). The 

t issue specif ic  changes in the level  and dis t r ibut ion of  LPL obse rved  in 

the present  s tudy of  ch icken  hear t  and l iver  may  be due to changes  in 

the e x p r e s s i o n  or  d i s t r i b u t i o n  o f  L P L  b i n d in g  h e p a r a n  s u lp h a t e  

p r o t e o g l y c a n s  or  o t h e r  L P L  b i n d in g  m o l e c u l e s .  D e v e l o p m e n t a l l y  

r e g u l a t e d  t is sue  s p e c i f i c  c h a n g e s  in h e p a ra n  s u lp h a t e  p r o t e o g l y c a n  

e x p re s s io n  have  been  recen t ly  r e p o r t e d  by D a v id  et al.  (1992)  and  

Fe rnande z  et al. (1991).  For example,  in the present study, it was found 

that be tween  day 15 and day  20 of  ch ick  heart  em bryonic  deve lopment ,  

LPL accumula tes  at the myofibr i l  endom ys ium . This  obse rva t ion  may be 

c o m p a r e d  with the reports  by Fenandez  et al. (1991)  that be tween  day 

13 and  day  17 of  em bryon ic  deve lopm en t ,  the endo m y s iu m  of  chicken 

skele tal  m usc le  becomes  s t rongly  pos i t ive  for  the p resence  o f  heparan  

su lpha te  p ro teog lycans .  A c c um ula t ion  o f  the e n z y m e  at the interst i t ial  

cap i l lary elements  of  the m yocard ium  prior  to ha tch ing may  also be due 

to the express ion  of  LPL binding heparan su lphate  p ro teog lycans  at this 

site. Similar ly ,  the loss o f  LPL from the l iver s inusoids may also be due 

to changes  in the pat tern of  LPL b ind ing  p ro teog lycans  syn thes ized  by 

the he pa toc y te s .

There  have been no repor ted  s tudies  on the dis t r ibut ion or level of  LPL 

ac t iv i ty  in bone marrow,  despi te  the p resence  o f  num erous  ad ipocy tes  

in the m ar row  mass  and the resul t  o f  i m m u n o c y to c h e m ic a l  s tudies  of 

the LPL d is t r ibu t ion in chicken bone m ar row  was descr ibed  in sect ion 

7.3.1.  C ons ide rab le  levels  o f  LPL were found  in assoc ia t ion  with the 

ad ipocy tes  of  the ch icken  bone m arrow and this s t rongly suggests  that 

bone  m ar ro w  ad ipocytes  do play an ac t ive role  in ene rgy  metabo l i sm.  

P rev ious  s tudies  have found  that m a m m a l ia n  bone  m a r r o w  adipocy tes  

fai led to respond to s tarvation or  insulin (Tavassol i  et al., 1974; Ailhaud,  

1982). The  presen t  study indicates  that  the bone  m ar row  may  m ake  a 

subs tan t ia l  con tr ibu t ion  to whole body levels  of  func t ional  L PL  act ivi ty 

in the chicken.
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Overa l l ,  the p resen t  s tudy has cha rac te r ized  the pool s  o f  L P L  activity

lo c a t e d  in va r ious  ch icken  t issues ,  s u g g e s t in g  a po ten t ia l  r eg u la to ry  

po in t  fo r  the con tro l  o f  L P L  ac t iv i ty  at the lum ina l  su rface  o f  the 

c a p i l l a r y  e n d o t h e l i u m  a n d  f o u n d  e v i d e n c e  o f  t i s s u e  s p e c i f i c

deve lopm en ta l  changes  in LPL activity.  The  impor tance  of  L PL  binding

p ro te o g ly ca n s  in the di s t r ibu t ion ,  s torage,  t ranspor t  and  d e ve lopm en ta l  

regu la t ion  o f  the enzym e  in v ivo  has a lso  been  h igh l igh te d .  H o w e v er ,  

desp i te  this work ,  the r equ i r em e n t  for  a t echn ique  which  can m easu re  

the c apac i ty  o f  a t issue  or  whole  o rgan i sm  to h y d ro ly z e  l ipopro te in  

t r i acy lg lyce ro l  in vivo  still exists and this represents  the most  signif icant  

fu ture  c h a l l enge  in the s tudy of  the ro le  p laye d  by L P L  in p la sm a

lipopro te in  kinet ics .

Future  w ork

F u r th e r  a t t em pts  to m easu re  L P L  p r o te in  at the lu m in a l  endo the l ia l  

surface  in v ivo  us ing a label led m onoclona l  an t ibody  wou ld  require  the 

p r o d u c t i o n  and  c h a r a c t e r i z a t i o n  o f  a m o n o c l o n a l  a n t i b o d y  a g a in s t  

ch icken  LPL with a high level of  aff inity  which may,  potent ia l ly ,  give 

rise to higher  levels of  specific binding.  The  aff inity o f  such an ant ibody 

would  have  to be grea ter  than the aff ini ty  o f  Cal -11 ,  which has been 

repor ted  to be 2 . 4 x 1 0 ^  M ' l  (G e rshe nw a ld  et al.,  1985) . The  requ i red  

an t ibody would  therefore  possess  an aff inity  c lose  to the m aximal  value 

for  m o noc lona l  an t ibody  aff inity  cons tan ts ,  which range  be tw een  1 0 ^- 

1 0 1 2  M ' l  (Liddel l  and Cryer ,  1991) . Subs tan t ia l  am oun ts  o f  such an 

i o d in a t e d  h ig h -a f f in i t y  a n t i - L P L  m o n o c l o n a l  a n t i b o d y  i n t r a v e n o u s l y  

injected,  in vivo,  may  give high levels of  specific ant ibody binding in the 

short  period of  c i rculat ion required for  the study of  LPL. The techn ique  

m ay  a lso  need  to in co rp o ra t e  an a p p ro p r i a t e  dou b le  labe l  and be 

fo l lowed  by vascu lar  perfusion to a l low the a s se s sm en t  o f  specif ica l ly  

bo u n d  ant ibody.  An init ial  s ta r t ing  po in t  fo r  this  w ork  w ou ld  be to 

p u r i f y  the  a n t i - c h i c k e n  L P L  a n t i b o d i e s  s e c r e t e d  by  the  m u r i n e  

h y b r id o m a s  ( the p roduc t ion  o f  w h ic h  is de ta i le d  in C h a p te r  3) and 

de te rm ine  their  aff ini ty  cons tan ts  by Sca tchard  analysis.  H ow ever ,  it is 

l ikely  that  the p roduc t ion ,  pu r i f ica t ion  and  c h a ra c te r iz a t i o n  o f  large  

numbers  of  an t i -LPL monoclona l  ant ibodies  would  be necessary before  a 

su i t ab le  c a n d id a te  an t ibody  was found.  The  en t i re  p r o c e d u r e  wou ld  

therefore  be very labour  intensive and t ime consuming  and  could not be 

con tem p la ted  within the contex t  of  the present  study.
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Future  work  using the im m unocy tochem ica l  techn iques deve loped  in the 

p resen t  s tudy  may  inc lude  c om pa ra t ive  s tudies  on the d i s t r ibu t ion  o f  

L PL  in rat  t issues  using the im m uno loc a l i z a t ion  p rocedure  adop ted  in

the presen t  study o f  ch icken  t issues.  Such expe r im en t s  may poten t ia l ly  

c ha rac te r ize  the r ed i s t r ibu t ion  of  L P L  within rat  ca rd iac  t issue du r ing  

per iods  o f  fas t ing.  Direct  compar ison  cou ld  also be m ade  of  the t issue 

specif ic  maturat iona l  changes  in the di s t r ibut ion of  L PL  which  occur  in 

ra t  t issues  du r in g  the ear ly  s tages o f  dev e lo p m en t  with those obse rved  

in  the  p r e s e n t  s tudy  in e m b r y o n i c  and  p o s t - h a t c h  c h i c k e n  t i s sues .  

H ow e ver ,  the p roduct ion  of  a high-t i t re  specif ic  an t i - ra t  L PL  an t ibody  

wou ld  be a r equ i rem en t  for  this work.  The  role  p layed  heparan  sulphate  

p ro teog lycans  in the obse rved  t is sue -spec if ic  de v e lo p m en ta l  c hanges  in

the dis t r ibu t ion of  LPL may also be s tudied  using the relevan t  specif ic  

p r im a ry  a n t ib o d ie s  fo r  c o - lo c a l i z a t io n  i m m u n o f l u o r e s c e n t  s tud ie s  of

em b ry o n ic  t is sues  at var ious  s tages  of  m atura t ion .  T he  resu l ts  of  the

p r e s e n t  s tudy  and  those  o f  F e n a n d e z  et al. ( 1991 )  i n d ic a te  that  

d e v e lo p m e n ta l  changes  of  heparan  su lpha te  p r o te o g l y c a n s  d i s t r ibu t ion  

a ppe a r  to im m ed ia te ly  p recede  s imi la r  c hanges  in the d i s t r ibu t ion  o f  

LPL.

To  fur ther  invest igate  the level  of  funct ional  LPL present  at  the blood 

s in uso id s  of  the bone  m ar row ,  in v ivo  s tudies us ing [ I 4 C ] - V L D L  

tr i acy lg lyce ro l ,  as descr ibed  in Cha p te r  4, cou ld  be carr ied  out . Such 

e xpe r im e n t s  w o u ld  al low the levels  of  func t iona l  L P L  p resen t  in the

bone m ar row  from different  sites to be com pa red  with those o f  adipose 

t issue depots  and  o f  musc le  t issues.  The  tu rnover  of  t r i acy lg lycero l  in 

the adipocytes  o f  chicken bone mar row could also be assessed  using this

m ethod  as has previously been reported by Griff in  et al. (1991b) for the

turnove r  of  t r iacylglycerol  in ch icken abdom ina l  fat pads. The resul ts  of  

such e x p e r i m e n t s  w o u ld  c h a r a c te r i z e  the c o n t r i b u t i o n  o f  the bone 

m ar ro w  ad ipocy tes  to energy  m etabo l i sm  and  fat  s torage .  Th is  cou ld

lead then to s tudies  on the rela t ionsh ip be tween  the LPL activity  of  the 

m ar row  mass  and  the im m une  response  o f  cha l l enged  birds.
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A pp e n d ix  1 Produc t ion o f  N E FA -dep le ted  bovine  serum 

a l b u m i n .

7 g of  B S A  (Boehr inger  M annhe im  Uk  Ltd,  Lewes ,  Eas t  Sussex)  was 

disso lved in 70 ml of  dist i l led water  to which 3.5 g of  activated charcoal

(S igm a  C h e m ic a l  Co.)  was added .  The  pH o f  the m ix tu re  was then

lowered  to 3.0 by the addit ion o f  2 M HC1 and  the mixture  was stirred

on a magnet ic  s ti r rer  for  1 hour  at 4°C. F o l lo w in g  c e n t r i fu g a t io n  at

2 0 , 0 0 0  g av for  2 0  min,  to rem ove  the charcoal ,  the c lar i f ied solut ion 

was ad justed to pH 7.0 by the addit ion of  1 M NaOH. The  BSA was then 

freeze dr ied and s tored at 4HC until  required.

A pp e n d ix  2 A u t o a n a ly s e r  r ea ge n ts .

T h e  c o lo u r  r e a g e n t  was  p r e p a r e d  by d i s s o l v i n g  1.5 g o f  1,5-

diphenylcarbazide (Sigma Chemical  Co.) in a mixture  consis t ing of  2.5 ml 

glacial  acet ic acid and 500 ml of  isopropanol  and was s tored at 4 UC until 

r equ i red .  C o p p e r  r eagen t  A, cons i s t ed  o f  0 .9%  (w/v)  cupri c  su lpha te  

pen tahydra te .  C oppe r  r eagent  B, was p repa red  by d i s so lv ing  100 g of

NaCl in a mixture  of  40 ml glycerol;  40 ml piperdine;  5 ml glacial acetic

acid and 600 ml of  water.  The  w ork ing  coppe r  reagen t  was prepared ,

freshly before use, by mixing the copper  reagents  A and B (1:1 v/v).
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A p p e n d ix  3 Prepara t ion  of  h e pa r in -S epha rose  a ff in i ty  matr ix .

Hepar in  (porc ine  m ucosa l ,  Sigma Chem  Co.)  was cova len t ly  l inked to

Sepha rose  4 B - C L  by the m ethod  of  Iver ius  (1971) .  Cyanogen  bromide  

ac t ivated Sepharose  4B-C1 (Sigma Chem Co.) was suspended  in dist i l led 

wate r  (30 g/150 ml) and swollen over  a period of  24 hours  at 4"C. The 

hydrated  gel was then washed  in a s intered glass funnel  with 1 1 o f  0 . 1  

M sodium hydrogen carbonate  and 3 1 o f  dist i l led water.

The  gel was then suspended  in a solut ion of  heparin  in 0.1 M sodium

h y d r o g e n  c a rb o n a te  (205 m g /1 0 0  ml)  and  m ix e d  by end  ov e r  end

rotat ion for  16 hours at 4UC. Fo l low ing  this incubat ion pe r iod  unbound  

hepa r in  was  then  r e m o v e d  by f i l t r a t ion  on a s in te red  funnel .  Any

re s id u a l  u n r e a c te d  s ites on the S e p h a ro s e  m a t r ix  were  b lo c k e d  by 

incuba t ing the gel with 10 ml of  e thanolamine  and mix ing  for 4 hours at 

4"C by end over  end rotat ion.  The  gel was then washed  in the s intered 

funnel  with 1.5 1 o f  dist il led water,  1.5 1 of  0.5 M sodium chlor ide and a 

fur ther  3 1 of  water.

A pp e n d ix  4 Phospha te  bu f fe red  sal ine.

PBS was prepared  by d i sso lv ing  8.0 g NaCl;  0 .2 g K H 2 P O 4 ; 2.9 g 

N a 2 H P O 4 . 12 H 2 O; 0.2 g KC1; in 1000 ml of  dist il led water.  The solution 

was adjusted to pH 7.4 and s tored at 4°C until requi red.
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	Figure 2.6 Polyacrylamide gel electrophoresis of samples obtained during die purification of LPL from chicken adipose tissue.

	Figure 5.1 Polyacrylamide gel electrophoretic analysis of samples obtained during the purification of the anti-chicken LPL monoclonal antibody, Cal-11, from mouse ascitic fluid.

	Figure 6.1 Analysis by polyacrylamide gel electrophoresis of samples obtained during the purification of the IgG fraction from sheep recalcifed plasma.

	Figure 6.2 Immunoblotting of solubilized extracts of chicken liver, cardiac and adipose tissue acetone diethyl-ether dried powders using absorbed sheep anti-chicken LPL IgG
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