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Susmary

It has been shown that bovine erythrocytescan be divided into 2 classes
of antiglobulin agglutinating activity; high agglutinators and low agglu-
tinators, in a test described here using a rabbit anti-bovine red cell
sensitiser and a bovine anti-rabbit globulin serum, This is a constant red
cell character as has been shown using sera of other species in antiglobulin
tests and has been found to be simply inherited, The frequency of each class
of agglutinaebility varies in different breeds but no reason for one breed
having a high frequency of one class of agglutinability has been found,

The reaction of antiglobulin agglutination has been investigated by
looking at the activity of the Igé and IgM components of the sensitising sera
uskd, both of which fractions are involved although one or other is often more
important in specific sera,

The red cell membrane itself was studied using an electron microscope
to visualise the receptor sites, After treatment of the red cell ghosts
with ferritin labelled sensitising serum it was found that both agglutination
classes of bovine erythrocyte had equal numbers of receptor sites and the
position of these appeared to be similar, However, the outer, carbohydrate
layer of the cell membrane was not studied in the techniques used and it is
poassible that the inagglutinable cell receptor sites are deeper with respect
to this layer than are the agglutinable cell receptor sites,

After an antiglobulin test the inagglutinable cells were never found to
approach each other closely whereas agglutinable cells were separated only by



60 nm, This was presumed to be due to some form of steric hindrance probably
in the carbohydrate layer surrounding the cell,

The inagglutinable cells could be made to agglutinate by the building up
of an antiglobulin-globulin lattice onto the red cell, After three of these
treatments the cells agglutinated to the same titre as the agglutinable cells,
The cells could also be agglutinated by troaﬁent, with proteolytic enzymes but
not with neuraminidase, which specifically releases sialic acid, although the
red cell agglutinability was found to correlate exactly with the sialic acid
content of the membrane protein, Red cells which were highly agglutinable
had a low value of sialic acid and inagglutinable cells had a high value of
sialic acid, It was shown that neuraminidase treatment reduced all the sialic
acid from the ghost and yet the inagglutinable cells remained so, Therefore
the mucopeptide chain must also be important in preventing the cells from

agglutinating,.

Finally a survey of some other bovine red cell characters was undertaken
using various Furopean breeds and also some primitive Zambian cattle, The
only character studied showing association with the agglutinability was the
blood group locus FV in Furopean cattle, It was found that all VV animals
were high tgglutiénatorn whereas FV animals were of both classes of agglutine

FV neqative

ability, ## als were not found in Furopean cattle and only rarely in the
Zambian cattle but these were again of both classes of agglutinability,
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Chapter 1 Review of the agglutinability of bovine red cells

Agglutination of red blood cells has been studied for many years, mainly
in humans, The reaction is known and used very widely, but it is still
incompletely understood, Most of the work on agglutination has been indirect
in that workers have been studying cell charges and the change in charge when
cells are in media of different concentration and pH, The information gained
has some bearing on the study of agglutination. Agglutination of human eryth-
rocytes treated with antibodies has been found to depend partly on the electro-
phoretie surfaces of shear (Pollock et al. 1965), and therefore the many
electrophoretic studies on the erythrocyte which give important information
on the peripheral zone are relevant to a study of the agglutination reaction,

The electrophoretic mobility of a cell is due to nature of the cell mem-
brane, not to the shape or size of the cell (Abramson, Moyer and Gorin, 1942),
Studies have shown that the erythrocyte acts as a large polymer with a negative
surface charge (Seaman and Heard, 1960b; Cook et al, 1961), Since sialic acid
and phosphate are components of the red cell present in suf'ficient amount to
cause a surface charge, the charge, presumably, must be due predominantly
either to phosphate or to carboxyl groups of the sialic acid molecules present
at the surface of the cell, Removal of the carboxyl groups considerably
redudes the electrophoretic mobility of the cell (Cook et al. 1961). This
effect can also be produced by the addition of divalent cetions, g cult,
to the medium (Bangham et al, 1958), Addition of a divalent cation increases
the ionic strength of the medium and reduces the surface charges on the cell

by combining with the charge-determining groups at the cell surface,
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lany metallic multivalent cations, e.g,. c:-" > Fos* ’ Boz*

’ n* » agglu-
tinate red cells (Jandl and Simmons, 1957), and such agglutinations are
morphologically indistinguishable from antibody - red cell agglutination, If
polycarboxylic acids are present they act as metal binding agents and inhibit
metallic agglutination (Jandl and Simmons, 1957). The agglutination of red
cells may depend on the capacity of an agent to lower the surface charge so
that cells may approach each other and agglutinate, This would suggest that
the red cell agglutination depends on the activity of the free carboxyl group
at the red cell surface, However under certain conditions red cells can
agglutinate without their surface charge being reduced, For example, if red
cells are suspended in a polymer, such as dextran or polyvinyl-pyrollidone,
these ionically neutral polymers dilute the ionic double layer (Derjaguin
1954) and agglutination occurs, Antibodies can reduce the electrophoretic
mobility of the red cell and may then provide chemical linkages for aggluti-
nation (Sachtleben, 1965)., There are, however, some exceptional antibody
systems, 8,8, Rh, M and N, which at higher serum dilutions do not change the
electrophoretic mobility although agglutination occurs, Therefore, aggluti-

nation cannot be due simply to a decrease in surface charge (Sachtleben, 1965),

The true outer red cell surface is made up of the absorbed serum protein
in which it is suspended and the sialic acid residues which contribute the
bulk of the cell surface charge, These contribute to the ionic double layer,
the outer layer of which is a more diffuse, mobile, positively charged layer,
and the inner layer is stable and negatively charged, By electron microscopy
the red cell surface has been shown to be composed of an outer layer of
plagues on a fibrous network (Hillier and Hoffman, 1953), The outer layer,
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as revealed by the scanning electron microscope, shows a smooth surface on normal
cells and on abnormal cells surface pits and irregularities similar to those
produced in red cell haemolysis (Salsbury and Clarke, 1967).

Agglutination of cells is in general an irreversible process resulting
in strong adhesions, It has been suggested that the adhesion involved in red
cell asglutination is a result of bridging between them, Fasty and Mercer
(1962) examined species agglutinability of erythrdcytos by an anti-erythrocyte

¥ globulin and they found gaps of 25 mm, present between agglutinable cells,
There was some staining in this gap, possibly indicative of membrane material,
Curtis (1967) quoted a gap of 10«20 nm, between cells, but this may have been
g fluid-filled gap or even an artefact produced in the preparation of the cells,
Palmer and Schmitt (1941) found that repulsive and attractive forces balance
when separated by 8,5 nm, and this supports the hypothesis of a gap of
approximately 10 nm, between the cell surfaces,

Normally the cells carry negatively charged electrostatic forces which
repel other similarly charged cells, but when these forces are balanced by
London = Van der Waals forces or by suspending the cells in ionic solutions,
agglutination can take place, For identical surfaces the point of balance of
these forces will be the stable point of adhesion, According to the Verwey=
Overbeek theory there will be a separation of 10-20 nm, between the adhering
surfaces (Verwey and Overbeek, 1948; Derjaguin, 1954), Plasma membranes may
be separated by 20 mm, and still maintain uniform separation over large areas
of plicated contact, The activity of the erythrocyte is directly related to
the zeta potential which, in turn, is proportional to the surface charge
density and the thickness of the double layer (Pollock et al. 1965).
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The ability of red cells to agglutinate varies interspecifically and
according to the suspension medium, [uman red cells are readily agglutinable
and are even more readily agglutinable in a medium of high molecular weight,
8:8s poly-vinyl-pyrollidone, than in saline, Sheep red blood cells (being
poor isoagglutinators) are normally less readily agglutinated than human cells,
They can be agglutinated with horse serum containing antibodies produced
against sheep red cells by immunisation, but only poorly with rabbit anti-
sheep serum (Spooner, private communication), As with human red cells, a
higher titre of agglutination is found with sheep red cells when they are
suspended in dextran or glucose media, Bovine erythrocytes are recognised as
poor ageglutinators (Little, 1929); only rarely is iso-agglutination found and
then only at a very low titre, These cells resist agglutination by inf'ectious
mononucleosis sera (Bailey and Raffel, 1935), but rabbit anti-bovine sera
produce agglutination, the extent of the reaction varying with the particular
animal used to produce the serum (Spooner et al, 1970).

The ability of red cells to asglutinate can be enhanced by an indirect or
antiglobulin test, This test was described originally by Moreschi in 1908,
but was rediscovered by Coombs, Mourant and Race (1945) who used it to demon-
strate the sensitisation of human red cells by incomplete Rhesus antibodies,
Gleeson-ihite et al, (1950) found a wide variation in the ability of bovine
red cells to agglutinate when a dilution of rabbit anti-human globulin serum
was added to the cells following their treatment with dilutions of infectious
mononucleosis serum, Three broad classes of high, moderate and inagglutinable
bovine red cells were found, This was the first report of intraspecific

differential agglutinability,
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Coombs et al. (1951) suggested that the variable agglutinability might
be due to variation in the structure of the bovine red cell wall and that the
antigen receptors might be at different distances from the effective periphery
of the cell, so that although all the cells would be sensitised, the combining
molecules could possibly be too short to extend beyond the periphery of the
cells and so agglutination of some cells would be impossible, The fact that
the inagglutinable cells can be made to agglutinate by building up a lattice
of antiglobulin and globulin alternately on the sensitised cells lends support
to this idea (Coombs et al, 1951).

Uhlenbruck et al, (1967) proposed that the inagglutinable cells were sub-
Jeet to greater steric hindrance than were agglutinable cells, so that the
effective agglutinating power of the antibody was reduced, Seaman and Uhlen-
bruck (1963) had previously proposed that the molecular structure of the outer
mucoid layer of the red cell consisted of "branched" chains ending in sialic
acid residues; treatment with proteolytic enzymes would then render all cells

agglutinable by removal of this mucoid layer,

Measurements of the amount of sialic acid released by pronase and neura=
minidase showed a definite difference between the bovine cell types, more
sialic acid being released from the inagglutinable cells (Uhlenmbruck et al,
1967)« Human erythrocytes, which are readily a;glutinable, release less
sialic acid than any bovine cells after pronase treatment (Uhlembruck et al.
1967)s There is a discrepancy here with the work published by Hylar et al,
(1962), who, using both mil# acid hydrolysis and neuraminidase treatment,
showed that calf red cells had less sialic acid than human red cells,



No difference has been shown between the electrophoretic mobilities of
the cattle red cells of different agglutinability either before or after ensyme
treatment (Uhlenbruck &t al. 1967), as would be expected if the inagglutinable
cells contained more sialic acid, This finding suggests that all cells have
the same number of charged terminal sialic acid molecules, This could still
be true and yet the inagglutinable cells release more sialiec acid if only the
outermost of the charged molecules contributed to the electrophoretic charge,
The precise distribution of the sialic acid molecules is unknown but under
normal conditions (in standard saline) only the region within about(f mm, of
the surface of shear is assessed in electrophoretic tests (Uhlenbruck et al.
1967)s If the more deeply situated mucoid structures wers removed they would
not affect the electrophoretic charge, Although they would contribute to the
amount of sialic acid released, The amount of sialic acid removed by neurae
minidase treatment is reflected by the corresponding decrease in electrophoretic
mobility of the red cell, except in the horsej; in this animal some of the
gialic acid is not removed by neuraminidase and is probably lipid bound and

so more resistant to enzyme attack (Eylar et al, 1962),

The action of neuraminidasé on red cells is to release the sialic acid
by breaking the < =glycosidic links, Although release of these charged groups
reduces the electrophoretic mobility, the inagglutinable cells remain so even
af'ter treatment, Treatment with proteclytic enzyme ruptures the peptide links
in the cell structure and so the entire sialo-mucopeptide chain is removed
from the cell, This rupture ersates ionic groups, and unmasks others so that
the electrophoretic charge of the cell is not reduced as much as after treat-
ment with neuraminidase (Seaman and Uhlenbruck, 1963), It seems that all the



steric hindrance, in the form of sialo-mucopeptide chains, must first be re-
moved before the inagglutinable bovine cells become capable of agglutinating,
These chains are obviously important in maintaining the charge and stability

of the cell,

All animal red cells possess sialic acid, but there is a wide variation
in type among species, In human cells the neuraminic acid is nearly 1007
Neacetyl acid, in cattle it is 407 Neacetyl and 607 N-glycolyl, and in the
horse it iz almost 1007 N-glyeolyl (Fylar et al., 1962), Similar values are
obtained whether the samples are tested by mild acid hydrolysis or by neura-

minidase action,

No correlation has yet been found between the ability of bovine cells
to agglutinate and the presence of any blood group antigen (Uhlenbruck and
Sehmid, 1963), Recently Hatheway et al, (1969) suggested that the blood group
factor F, which is destroyed by neuraminidase treatment, is dependent on the
cell having a large amount of sialic acid, The V factor, at the same locus
as P, is not destroyed by neuraminidase, and so is independent of sialic acid,
Both F and V can be released from stroma by papain treatment (Hathevay et al.
1969), It might therefore be expected that cells with V factor would be high
agglutinators and those with F factor would be low agglutinators. The
correlation between blood-group antigens and agglutinability will be investi-

gated further in this thesis,

The investigaetions reported in this thesis developed from the following
results, The values of the sialic acid content of the protein of the bovine
red cell membrane, measured on a number of animals, all lay within 107 of
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each other except for one animal, where it was much lower, Repeated tests
confirmed the accuracy of this low result, but unfortunately fresh blood
samples from the animal were not available, It was first thought that the
difference was seasonal, but other animals tested at this time did not show
a lowered value of their sialic acid content, Larger numbers of animals from
experimental herds were tested and a few animals were found to have this low
value, These animals were not ill, or being immunised, nor restricted to one
sox or age group; thus the difference appeared to be chemical rather than

environmental or physical,

The early work of Gleeson=White et al. (1950) showed that bovine red cells
exhibited a variation in agglutinability which in a later paper, (Coombs et al,
1951) they suggested could be due to a variation in the sialic acid layer of
the red cell membrane, The bovine red cells mentioned above as showing a
variation in their sialic acid values were then tested in an antiglobulin test
similer to that used by Coombs et al. (1951). The technique was altered some-
what and the cells were found to fall into two classes of agglutinability (Spooner,
Cowpertwait and Maddy, 1970). These two classes showed an exact correlation
with the two classes of membrane sialo-protein (Maddy and Spooner, 1970), It
was therefore possible to distinguish the two classes of bovine red cell both
immunologically and biochemically,

Only cattle have so far shown this distinet intraspecific variation in
both agglutinability and membrane sialo-protein, This makes them an interesting
species for further studies on the molecular structure and activity of the red
cell membrane, In this thesis an attempt has been made to investigate the various
aspects of the agglutinability of bovine red cells and to explain as far as
possible the reason for this difference in ability to agglutinate,
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Chapter 2 %ﬁ C(

As has been shown in Chapter 1, Uhlenbruck et al. (1967) and other workers

previously proposed that cattle showed a continuous range in the agglutinability
of their red cells, Uhlenbruck et al., arbitrarily chose animals with highe
medium- and low-agglutinable red cells, as shown by thdx: antiglobulin tests,
but all the animals were much less sensitive to agglutination by the infec~
tious mononucleosis serum used in their investigations than were sheep cells,

In this thesis, the agglutinability of bovine red cells is to be studied by

the antiglobulin test reported by Spooner, Cowpertwait and Maddy (1970) and

in the work reported in this chapter this antiglobulin test has been used to
show that cattle can be divided into two distinct classes whoge red cells are
of high or low agglutinability,

A, The antiglobulin asgluanabcutg
Materials and lethods
Jaemolytic test The whole blood was washed three times with 0,9% saline until

the supernatant was clear, A 0,5% suspension of the packed red cells was made
up in saline using an automatic diluter, The antiserum to be used was serially
diluted in saline in doubling dilutions from 1:4 into round-bottomed microtiter
plates, The serial dilutions were made with loops calibrated to hold 0,025 ml,
The cell suspensions were then added using a pipette calibrated to deliver 0,025
ml, drops. The complement used was normal rabbit serum diluted 1:3 with saline,
1 drop being added to each well, Two controls were included; the saline
control in which 1 drop of the cell suspension was mixed with 2 drops of saline
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to detect any unstable cells, lysing in the saline; the complement control

in which 1 drop of saline was used instead of the antiserum to detect any
haemolytic antibodies present in the complement, The microtiter plates were
then covered with sellotape and put on a rotary shaker to shake continuously
for 5 hr, The temperature was 18-25°C, The plates were allowed two hours to
settle and were then read, the amount of free haemoglobin and the cells remain-
ing in the wells being estimated by eye, Readings were recorded from 0
(Negative) to 5, (Complete lysis),

nation test
A two drop test in which 1 drop of a 2% suspension of three times washed
packed red cells in saline was added to 1 drop of a serially diluted antiserum
in a conical-bottomed miorotiter plate, A saline control was always included,
The plates were shaken to mix the cells and serum and were then left to stand
overnight at room temperature, The test was read the next day from O (Neg-
ative) to 4 (Complete agglutination),

Sensitising dose of rabbit antiserum
The concentration of each sensitising serum used to sensitise the red

cells in antiglobulin tests was calculated from the haemolytic and agglute
ination titres of cells tested against that sdrum, The concentration had to
be beyond the titre of the highest direct agglutinated cell so that in the
antiglobulin test agglutination was not due to the sensitising serum, and
within the haemolytic titre ensuring that all the cells would be sensitised,
Thus from Table I the sensitising dose for R4 (18/2/69) was 1:5,000,
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Reciprocal dilutions of R4 (18/2/69)

Red Cell L 8 16 32 64 128 256 512 1T 2T 4T 8T 16T 32T 64T 1287 Control

HZ127A 58 39 %50 5 3 0 E.9 8- » -
HZ125B 39593 9 5. 35BN e 2 I Sle e -
HZ135A 39 3. 935 95 5 5% E IV e » o -
HZAL1B 553 9 58085 0 %83 % w m -
U67A 23.82 93585 %5 3 8. 89 BB 8 @ we" o -
U7hh 5.5 %95 5 B 3 3984 W 4w -
UB5A 395 5. 9595 5.5 9 9% 53 8 v & « e -
ugss 2.0 5 BB 5 F .5 e le - -
U938 25 39 %0083 B BB Fw e - m--e -
MZ311A 5553 5835 - 899 D R w o = '» -
FS101A 2358939 9 B 9 I e e e .'® -
TAG967 20 85 5 50 5.4 7V8 K. e w . -
Agglutination test
Reciprocal dilutions of R4 (18/2/69)

Red Cell L 8 16 32 &4 128 256 512 1T 2T 4T 8T 16T 32T 64T 128T Control
HZA27A L b 3 1 « = & o @ « « @« « =« = -
HZ125B L 4 L 4L 4k 4 4 1 @ « « « =« « = -
HZ135A L 4 4 4 3 1 e @ @ « = « &« =« = -
HZALB L L 4L 3 = =« =« = @ « =« « « = = -
U67A L 4 4L 4 4 4 4 4 1 @ « « =« =« = -
U74A Li L h 3 2 e o @ @« = = « = = = -
UB5A b 4 4k 4 4k 4 4 4 31 ¢ o =« o = -
U85B L L 4 & 4K 4 4 3 2 © « =« « =« = -
U93B bh & b A 3 1 o o 0 o o0 o« « » e
MZ311A L 4 4 3 2 « @ @« =« @« = = =« = = -
FS101A by 4 4 4 4 4 & & 1 =« « =« =« = -
PAG9ET7 B TR s R 8 -
Teble I i tocols of ¢ _and utination reactions us

a rabbit anti-bovine red cell serum 1 6



Regulte
Whereas Gleeson-White et al, (1950) used dilutions of a sensitising serum

and a fixed dilution of antiglobulin serum, in the test used here the bovine
red cells are sensitised with a fixed concentration of serum and these sensi-
tised cells are added to a titration of antiglobulin serum, (Fig, 1).
Method 1 Red cell + dilutions of sensitiser + fixed concentration of anti-
globulin (Gleeson-White et al. 1950).

Method 2 Red cell + fixed conc, of sensitiser + titration of antiglobulin,
(Spooner et al., 1970).

The bovine red cells freshly collected into anticoagulant (acid citrate
dextrose), were washed with 0,97 saline and centrifuged at 2000g for 5 min,
three times, Then & 2 ml, sample of & 2% red cell suspension was made up from
packed cells using an automatic diluter, An equal volume of a fixed concent-
ration of rabbit anti-bovine red cell serum R4k (19/5/66) (see Appendix B) was
added and the cells sensitised with this for 1 hr, at room temperature, The
sensitised cells were washed in 3 ml, 0,9% saline and centrifuged at 2000g
for 5 min, four times and then made up to a final concentration of 2% in
saline, One drop of each of these cell suspensions was added to one drop of
each dilution of & titration of bovine anti-rabbit globulin K21 (17/5/67) in
saline in conical-bottomed microtiter plates, After covering with sellotape
the plates were shaken to resuspend the red cells and were then lef't over
night at room temperature for the cells to settle, The test was read by
patterns the following mornming, A control of one drop of saline and one drop
of sensitised cells was always included to show that agglutination was not
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due to the sensitised cell alone, The agglutinability was graded by eye from

0 to 4, (Figs. 2 and 3), When bovine erythrocytes were agglutinated directly
by rabbit anti-bovine red blood cell serum a complete gradation of agglutin-
ability e.g. with R4 (see Table I) was produced, (The titres were much lower
than the hasmolytic titres, but all eells could be agglutinated to some extent),
When, however, these same bovine cells were tested in the antiglobulin test
described ebove, using the same rabbit anti-bovine red cell sera as sensitisers,
and then added to an appropriate bovine anti-rabbit globulin, K21, there was

no longer a complete gradation from low to high agglutinability, Some cells
were completely agglutinated at an antiglobulin dilution of 1 in 2000, while
others were inagglutinable at an antiglobulin dilution of 1 in 4 (Table II),
The testa were repeated using four rabbit antisera to bovine red cells and the
same result, two classes of cell, was found; an intermediate group of cells

of moderate agglutinability such as was found by previous workers, was not
detected,

scussio

It was found, generally, that cells of high direct-agglutination titre
tended to give a high antiglobulin titre and yice versa, although one enimal,
HZ1338, did have a high direct-agglutination titre and a low antiglobulin
titre, Only one animal, HZ127A, occasionally showed a partial agglutination
reaction, a reading of 2 to an antiglobulin dilution of 1 in 256 but at né
antiglobulin dilution with any sensitising serum has the reaction been strong
(see Table ITI)., This animal had not been immunised, been visibly ill, mor
been treated differently from the other experimental animals,



cells sensi-

tised with

R4(19/5/66)
1:5000

0OOOBOOE

FS101A
P31068
HZ141B
HZ167B

U85 A

aa
0 @
AN
= w

O0OOOCGS
 00OQ0HGO

tFFIF1r1r ¥#0

00000RC0

f \> AR R D
\'_ & ) &_ p 3
)

iy r 34

J
:}

(DGDC>G§&QQ§<9g)
6363@2§)€;C>GD€D

JO T

%SQD
olol®,
olole

P

o )
(U @6

LOOOLERE
OO0

J—

e &

LBV
LOWO

(a)
Reciprocal dilutions of K21 (17/5/67)
20 40 80 160 320 640 1T 27 ST 1

R IR ANE
tFEFIF L
RL AR AR R =
(R AR AN
LEFIF L&
B IR INE =
BRI IR IRNE &
LFFIF I+
LFEFI&L LW

(b)

Fige 2 Antiglobulin test in miorotiter plate (a)
and the results read from the plate ‘b}

ll!lNlllS

LN B B B B B BN



- 18

()

ige 3 Inasglutinable red cells (a) and

—y

£z

(b)

lutinable red cells

g
a

ags




\O

Reciprocal dilutions of K21 (17/5/67)
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Table II cal tocol an anti test usi s tiser a
rabbit anti-bovine red cell 18/2/69) at a dilution of

1:5,000 and a titration of bovine anti-rabbit globulin serum K21
/5767



Reciprocal dilutions of K21 (17/5/67)
L 8 16 32 64 128 256 512 1T 2T 5T Control

Ugm - - - b - o - - - - - -

aenaitisu7
B4 (19/5/66) FS10A L& & & 4 & 4 & 4 4 4k =
135.m
BRI 22 2. &£ 22 8 o @9 @
w’ - - - = - - Rd = - - - -
m
530/12/65) PS101A 4 4 & 4 4 4 4 4 4 4 2 =
12,000
HZ127A 22 2 - - - . B e e - -
aen
25”’/5“766) FS101A 44 &4 &4 4 4 4 4 4 4 2 -
1:2,000

Table IIT HZ127A in antiglobulin test using various sensitising sera



B, The sialo-protein content of the bovine red cell membrane

Maddy and Spooner (1970) showed that, in the cattle they studied, there
were two levels of sialic acid in the red cell membrane, These were shown to
correlate exactly with the antiglobulin agglutinability of the red cells as
defined in the test described in Section A, An attempt has now been made to
repeat and extend this study to show the relationship between the agglutination
of cattle red cells and their membrane sialo-protein content,

lethods

Preparation of ghosts (by modification of the method of Dodge et al. 1963).
Freshly collected whole blood was centrifuged and the serum and white cells
removed from the packed red cells, The red cells were washed x 4 with iso-
tonic saline until the supernatant was clear, They were then hmolysad in
six volumes of 0,005 M~-phosphate buffer pH 6,0, They were spun at 18000g for
15 min ., and the ghosts obtained were washed with this buffer until the super-
natant was free of haemoglobin, The ghosts were then pink-red in colour and
the remaining haemoglobin was removed by further washing in 0,01 JM-phosphate
buffer pH 8,0 and then 0,005 M~pH 8,0, The final pad of ghosts was white,

It was frosen overnight, then thawed and washed three times with distilled

water,



Buffers were made up fresh each time from stoock solutions,

Ou1 M = NaH,PO, 2H,0

Ten ml, of freshly prepared ghosts (approximately 100 mg, dry weight) in
distilled water were cooled to 0°C in ice water and 7,5 ml, of n-butanol also
cooled to 0°C was added, the mixture was shaken vigorously and then allowed
to stand at 0°C in ice for 20 min, followed by centrifugation for 5 min, at
18,000g at 0%, The sample separated out into an upper butanol phase con-
taining the membrane 1lipid and a lower aqueous phase containing the protein,
There was a thin interfacial layer of insoluble protein, but provided the
ghost suspension was salt-free then only about 5% of the membrane protein was
lost in this layer, The lower aqueous phase containing 95% of the protein
was transferred with an ice cold hypodermic syringe and dialysed for 24 hr,
egainst iced water, The dialysis removed any remaining traces of butanol,

The whole extraction proceas had to be carried out at o-z.°c until all
the butanol was removed, as the solubility of butanol decreases with tempe

erature,

Estimation of sialic acid (Aminoff method)

ixtracted ghosts, dialysed against water free of any traces of butanol
were diluted 5 times with distilled water, Five ml, of the diluted sample
was then hydrolysed with 0,5 ml, E-HZSOI‘_ at 80°C for 30 min, Four aliquots



of 0,5 ml, of each hydrolysate were treated with 0,25 ml, periodate solution
at 37°c for 30 min, The excess periodate was reduced with 0,2 ml, of sodium
arsenite, This liberated iodine, showing a bright orange-yellow colouration,
which disappeared after about two minutes. Then 2 ml, of 0,1 M~thiobarbituric
acid at pH 9,0 was added and the sample heated at 100°C for 75 min, A pink
colouration was noticed which disappeared as the sample was cooled on ice,
Five ml, of acid butanol was added to the sample which was then shaken and
spun for 10 min, The butanol extracted the s:alic acid, how again pink in
colour, and it separated into the top layer over a water phase, The butanol
layer containing the sialic acid was separated off and its intensity of colour
compared with a control at 549 nm, in a Unicem SP,600 spectrophotometer,

1 om.z silica cuvettes were used, The control was distilled water, in place
of the protein sample, having had the same treatment as the other samples,
The readings were taken within one hour as the pink colour was unstable over
larger periods of time, The average of the readings of the four aliquots of
each sample was taken as the true value,

Solutions required to estimate sialic acid:=

1. Periodate solution - 25 mii-periodic acid in 0,125 N-H,S0,

2, Sodium arsenite - 2% sodium arsenite in 0,5 N-HC1

3« Thiobarbituric acid-0,1} solution of 2-Thiobarbituric acid in
water adjusted to pH 9.0 with 2l-NaOH

4, Acid butanol - Butan-1-ol containing 5% (v/v) of 12 N~NC1

All solutions were freshly made up for each experiment,
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Deternination of Protein (modified Lowry method)

A 1 ml, sample of n~butanol extracted, wateredialysed ghosts was diluted
twenty times with sodium deoxycholate solution, To four 0,5 ml, aliquots of
this diluted protein 2,5 ml, of copper alkali solution was added, This was
shaken and left standing at room temperature for 10 min, Then 0,5 ml, of
diluted Folin's reagent was added and mixed with the solution which turned
from colourless to yellow, then green and finally blue, The solution was
left at room temperature for 1 hr, before the colour intensity was compared
with a control at 700 nm, in a spectrophotometer, The control was water,
treated in exactly the same way as a protein sample, The average of four
readings was taken,

Solutions required for the determination of protein:-

1. Deoxycholate solution « 1 wol, 87 sodium deoxycholate
3 vols. 0,3 N.NaOH

2, Copper alkali solution « 100 ml, 0,2N~NaOH
100 ml, 4% (w/v) Na,CO5

2 ml, 2% (w/v) NaK tartrate
2 ml, 1% CusS0), #5H,0

5« Folin's reagent diluted x 3 with distilled water,

Results

Ghosts were prepared from the whole red cells and after the protein had
been extracted it was analysed quantitatively for sialic acid and protein,
and the sialo-protein ratios were calculated, These assays of the sialic
acid content of the two types of bovine erythrogyte membrane protein divided



the cells into the same two classes as found previously (Maddy and Spooner 1970),
and these classes were identical with the two classes found using the anti-
globulin test, Each animal was tested on at least two different occasions and
gave identical values (within + 0,003), Class I animals had a high content of
sialic aeid, 0,134 (& 0,0078) pmoles/mg. protein, and were low agglutinators;
class IT animals had a lower sialic acid value, 0,098 (4 0,005) pmoles/mg.
protein, and were all high agglutinators (Table IV),

D2iscussion

The results show clearly that two classes of bovine red cell can be
recognised from their ability to agglutinate and from their membrane protein,
Maddy (1970) has also found that the pH at which the protein precipitates is
correlated with the sialic acid content, He found that at low ionic strength,
0,05 Jli~citrate-phosphate buffer at pH 3.0 = 4.0, all bovine membrane proteins
tested were indistinguishable (Figs 4) from type I protein, As the ionic
gtrength was increased the type I protein precipitated as two fractions at
pH 2.8 and 4,5, As the ionic strength was increased further, the pH 2,8
fraction became progressively more soluble (Fig. 5). In the case of type II
protein, as the ionic strength was increased, this protein first separated
into two fractions precipitating at pH 3.0 « 3.2 and pH 4,5, and then sub-
sequently the pH 3,0 fraction redissolved but the other was unaffected (Fig, 6).
The type II fraction which precipitated at pH 4.5 was dense and of high
refractivity, whereas the type I fraction which precipitated at pH 4.5 was fine
and of low refractivity.



CLASS I
Mean value

Mnimal  Aggluttnsbility (g Slefieseld e - i

) e 0,125 (2)

s » 0,134 (&)

% " 0,128 (4)

U96A " 0,130 (2)

s . 0.13% (2)

e . 0,13 (2)

e 1K . 0,13 (4)

ias " 0.135 (2)

s i : g 0s13% (2) 0u13%

i " 0,139 (2) (& 0.0078)

i . 0,110 (2)

it . 0,130 (2)

o " 0.143 (&)

ik " 0,141 (&)

e a " 0.139 (2)

vl o 0.123 (2)

g . 0,141 (4)

Eo . 0.135 (2)

Noarny . 0,150 (2)

P . 04134 (2)

b . 0.143 (2)

il " 0e134 (&)

e, . 0,134 (2)

ipat . 04139

Table IV Correlation of sialic acid content of bovine erythrocyte

ost tein with lutinabili

Range of values of sialic acid for any one animal was + 0,003 uM sialic acid/
mg. protein,

Pigures in brackets indicate the number of assays performed,

Using Arnson's tables the difference between the two groups is statistically
significant at the 1% level,



CLASS IT
Mean value
Animsl Agglutinability (mﬁﬁ:f‘;ﬁmh) ('ﬁ:i ::iaznm)..ra
UBSA High 0,098 (4)
U85R " 0,098 (!0')
FS101A w 0,098 (‘) 0,098
HZ90B " 0.090 (s) (& 04005)
HZ123B . 0,090 (2)
HZ125B " 0,105 (2)
HZ167B » 0,098 (&)
MZ324A " 0,105 (2)
MZ324B ” 0,098 (2)

Table IV Correlation of sialic acid content of bovine erythrocyte
ghost protein with agglutinebility

Range of values of sialic acid for any one animal was + 0,003 uM sialic acid/
mge pmm.

Figures in brackets indicate the number of assays performed.

Using Arnson's tables the difference between the two groups is statistically
significant at the 1% level,
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As proteins are least soluble at their isoelectric point it seems probable
that type I had a lower isocelectric point and so a higher net negative charge
than type II protein: assays of the sialic acid have shown that the pH at
which they precipitate is a function of the sialic acid content, As the.
results in Table IV show, type I protein has a higher content of sialic acid
than has type II,

The partial reaction of HZ127A noted in some antiglobulin tests is
interesting as this animal was found to have the lowest sialo-protein ratio
of the class I animals tested (mean 0,134 &+ 0,0078); in fact, with a value
of 0,100 umoles sialic acid/mg, protein it might be éonsidered to be a class
II animal (mean 0,098 + 0,005) if its protein precipitation were not identical
with that of all other class I animals,

Uhlenbruck, Seaman and Coombs (1967) have previously suggested that the
variation which they found in bovine erythrocyte agglutinability was core
related with the amount of surface mucoid present, and hence with the surface
charge which it provided, thus preventing the cells from agglutinating, As
has been shown here the ability of the cells to agglutinate is now correlated
with the amount of sialic acid present in each cell, and so this is a possible
explanation, If the area of sialic acid surrounding the cell is too dense or
too thick then the antigen receptor sites are eff'ectively shielded from the
antibody which is trying to combine with them, Those cells with a lower sialic
acid value can agglutinate, and although the difference in sialic acid value s
may not be chemically large, it seems likely that the inagglutinable cells
have enough extra sialic acid to form a completely inhibiting layer to the



300

because the vesults to be proseated
cells agglutinating activity, In fact this cannot be the oa.u[m in this
and those of other workers show
thesis|various ways sill be-shown in which the low agglutinable cells can be
made agglutinable, It is more likely that the sialic acid of low agglutinating
cells has a branching structure which makes it more difficult for them than
the high cells to agglutinate, All the cattle cells tested were capable of
low titre direct agglutination, and so there must be a basic difference between
direct and antiglobulin agglutination, An attempt to clarify this will be made

in a later chapter,
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Chapter 3 C of v of an
vari gsensitising sera with te an sera

It has now been shown that two classes of cattle erythrocyte exist in
respect of the agglutinability in the modified antiglobulin test described in
Chapter 2, As was shown in that chapter this finding appeared to contradict
the results of Gleeson-White et al, (1950) who reported a variation in
agglutinability of the red cells in different cattle, It was clearly
necessary to investigate these two apparently contradictory results,

Although it seems unlikely, a possible explanation for the two classes
of cattle red cell agglutinability is that the cells with a high agglutinating
titre possessed an antigen not present in those with a low titre, and that
this diffeerence was detected by the rabbit sera described in Chapter 2 but
not by those sera used by Gleesoneihite et al. Another possibility was that
the rabbit sensitising antibody and the bovine antiglobulin sera used were in
some way unique, To test this, other species of sensitising antibody and

antiglobulin sera were used, including those described by Gleeson-ihite et

al,

Materials and Methods

Red Cells - see Appendix A

Antisera production - see Appendix B

A“IH ! e oy ,:‘:28:*’“ As in Chapter 2



Absorptions

The red cells to be used in the absorption experiments were washed three
times in 0,9% saline and centrifuged at 1500 g, for 10 min, The supernatant
saline was removed and the antiserum to be absorbed added in the ratio of 2
volumes of serum to 1 volume of cells, This suspension was mixed continuously
on a rotator at room temperature for 45 min, The serum was removed after

centrifuging at 1500 g, for 20 min,

Besults

Com son of antiglobulin tes

Various systems were tested to compare different types of antiglobulin
test, species of sensitiser and antiglobulin sera, Initially the Gleeson-White
test was compared with the antiglobulin test described in Chapter 2,
Method 1, Red cells were sensitised with a fixed concentration of rabbit
anti-bovine red cell serum R4k (19/5/66) and added to a titration of bovine
anti-rabbit globulin K21 (17/5/67).
Method 2, Red cells were sensitised with dilutions of rebbit anti-bovine red
cell serum R4 (19/5/66) and added to a fixed concentration of bovine antie
rabbit globulin K21 (17/5/67).
Method 3, Red cells were sensitised with a fixed concentration of infectious
mononucleosis serum (see Appendix A) and added to a titration of rabbiteanti-
human globulin,
Method 4, Red cells were sensitised with dilutions of infectious mononucleosis

serum and added to a fixed concentration of rabbit anti~human globulin,



The results of these four tests on the same cells (Fig, 1) suggest that
the previous conflicting results were due to diffeerences in interpretation,
When a fixed concentration of sensitiser was used, as in methods 1 and 3, two
distinet classes, of agglutinable and inagglutinable cells, were found,
Different antisera gave different endpoints, but two classes of cell were
always clearly visible, When the sensitiser was diluted, as in methods 2 and
4, the two classes were less obvious, especially on a small panel of animals,
However, when a larger number of animals (see Fig, 2) was tested by these
methods the division into the same two classes did show more clearly,

C of antiglobulin systems using other speci

Differential agglutinability is not conf'ined to the two antiglobulin
systems discussed above, Further investigations have shown that red cells
from the same animals, whon treated with sheep anti-bovine sera 3A146 (17/12/69)
and added to titrations of bovine anti-sheep F599A (22/8/68) or rabbit anti=
sheep R51 (16/12/68) globulins, gave the same two agglutination classes, although
the titres were lower, Cells which had been sensitised with bovine iso-anti-
sera 421118 (1/8/68) and added to titrations of sheep anti-bovine 7B (25/2/69)
and rabbit-anti-bovine globulins R17 (24/2/68) also gave the same result, In
each case the concentration used for the sensitising dose was determined pre-
viously by haemolytic and agglutination tests on the sera, as described in
Chapter 2 for the rabbit anti-bovine sensitising sera, Red cells taken from
the same cattle always behaved in the same manner no matter which antiglobulin
test system was used, Only the agglutination titres varied with the different
sera (see Table I), In any particular system there was very little variation



Reciprocal dilutions of antigleobulin serum

K21 (17/5/67)

tising

anti-

1

1T

256

16

globulin

]

MZ TAG U HZ MZ TAG U HZ MZ TAG U HZ MZ TAG U HZ
308A 967 856 1678 308A 967 85B 167B 308A 967 85B 1678 308A %7 858 167B

Rabbit anti-bovine dilutions of R4 infectious mono- diluting inf'ectious

red cell Rk (19/5/66) nucleosis serum mononucleosis serum
(19/5/66) 1:500
1:10,000
Bovine anti-rabbit 1:100 k21 Rabbit anti-human 1:50 rabbit antie
: 3‘%::)321 (17/5/67) globulin human globulin
7/5/67

Fig. 1 Comparison of difflerent antiglobulin tests on the same four cells

£ = thousand
M = million
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Number 12 1
of animals 8
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.L = L) 53 v - v v v
e, 8 16 32 64 128 256 592 1T 2T 5T 10T 20T
Reciprocal dilutions of antiserum
a, Antiglobulin test using a fixed concentration of
sensitiser and added to a titration of antiglobulin
serum,
12 -
Number 8]
of animals
L .
0 '‘soo D, 27 12&25—'&4 M 2

Reciprocal dilutions of antiserum

be Antiglobulin test using dilutions of sensitiser and
a fixed concentration of antiglobulin serum,

Fig. 2 Comparison of two methods of antiglobulin test



Sensitising serum

Number of
Haemolytic Agglutination Sensitising Antiglobulin
::::i. Sensitising serum ey titre So2 High titres Low titres
2,000 Rabbit anti-bovine 8,000 500 1:5000  Bovine anti- > 2000 <&
B (19/5/66) Flobulin
Ry (1
K21 (17/5/67)
100 Rabbit anti-bovine 8,000 500 135000 Sheep anti- > 5000 <k
R (19/5/66) proe st 8
Rh (19
N207 (19/7/64)
30 Sheep anti-bovine 2,000 16 1:1000 Bovine anti- 500 0
red cell sheep globulin
30146 (17/12/69) FS99A (22/8/68)
30 Sheep anti-bovine 2,000 16 1:1000 Rabbit anti- 500 2 '
red cell 2}0 3
30146 (17/12/69) ns1 (16/12/68) '
30 Bovine iscantiserum 1:350 b 1:200 Sheep anti-bovine 1000 2
uz1118 (1/8/68) globulin
784 (25/2/69)
30 Bovine isoantiserum 1:350 4 1:200 Rabbit anti-bovine 500 2
uz111B8 (1/8/68) globulin
R17 (24/2/68)

Table I Antiglob stems using other species of animal
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in the agglutination titres in the high (H) or low (L) groups tested.

ti sing anti rane protein

It was suggested by Uhlenbruck et al. (1967) that antibodies to the outer
mucoid layer of the red cell should produce agglutination of all bovine ery=-
throcytes, Therefore antibodies to butanol-extracted bovine red cell membrane
protein were raised in rabbits, and the antiserum produced, R52 (5/6/69), was
used to sensitise the cells in an antiglobulin test, The results were similar
to those obtained using antisera to whole red cells, although the titres were
slightly lower (Table II and Fig, 3). It seems that the agglutination reection
is slightly inhibited by antibodies to the membrane protein rather than being
enhanced by them,

of duced t and 1 L utinable cell

Initially bovine red cells of unknown agglutinability were used to immunise
rabbits, but subsequently antibodies were produced which were specific to bovine
cells with high or low agglutinability, When the sera containing these antie
high agglutinable R60 (17/6/69) and anti-low agglutinable R62 (17/6/69) anti-
bodies were used as sensitising sera, differential agglutinability was found,

On testing with the same anti-globulin serum, a smaller difference was found
between the titres of high and low agglutinable cells with rabbit serum
against low agglutinable bovine cells than with an anti-high agglutinator

sensitising serum (see Table IT and Fig. &),

Absorptions of sensitising sera /



Sensitising serum

Number of
animals Sensitising serum 'gye.) .c ASElUtination G-y “‘“5“"’“11" High titres Low titres
tested
100  Rabbit anti-bovine 5,000 1,000 1:2,000 Bovine anti- > 1000 2
red cell membrane rabbit
protein globulin
R52 (5/6/69) k21 (17/5/67)
100  Rabbit anti-bovine 10,000 2,000 1:5,000 Bovine anti- > 1000 )
red cell membrane rabbit
protein globulin
R53 (5/6/69) K21 (17/5/67)
30 Rabbit anti-high 12,000 1,000 1:8,000 Sheep anti- > 5000 < 10
bovine red cell rabbit globulin '
R60 (17/6/69) 7851 (16/1/69) 5
30  Rabbit anti-low 12,000 1,000 1:8,000 Sheep anti- > 2000 < 20 S
bovine red cell rabbit globulin
R62 (17/6/69) 7851 (16/1/69)
Table II

systems usi ti-membrane tein serum and anti and anti~-low bovine red cell sera
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bovine iso-antiserum

Mz111B (1/8/68)
sensitiser at 1:200

sheep anti-bovine
obulin
25/2/69)

rabbit anti-bovine
membrane protein R24
(4/3/68) sensitiser
at 1:320

Bovine anti-rabbit
globulin K21 (17/5/67)

Pig. 3b Comparison of antiglobulin tests using various systems
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Absorptions of sensitising sera

To test the possibility that the antigen causing agglutination was present
on the high agglutinable cells but absent from the low agglutinasble cells, the
sensitising sera were absorbed separately with either high or low agglutinable
cells, These absorbed sera were then tested in an antiglobulin teat (see
Table III), It was found that absorption of the serum by either type of cell
neutralised the sensitising activity of the serum and it would no longer
sensitise high agglutinable cells, Since the antibodies in the serum were
removed completely following absorption by either type of cell, it was con=
cluded that the variability was not due to an antigen which was present on the
high agglutinable cells but absent from the low agglutinable cells,

Scus

A1l the antiglobulin systems tested with red cells from different cattle
have given the same result, vig, that the red cells fall into two distinet
classes, Hall (1955) measured the antiglobulin agglutination titres of 60
cattle and found that the titres fell into two distinct classes, One class
of animals had a titre of <10 and the other class a titre of >30, He thought
that this was an artificial distinction since, as the scale of dilutions was
logarithmic, many endpoints were included in the first class, However when
these results are compared with the present data, it is obvious that they are
in agrecment and that he was looking at the same two classes of agglutinability
which have been desecribed here, The particular antisera used by Hall give a
wider range of titres in each class, but, nevertheless, the division into the

two classes is still apparent,
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R4 (unabsorbed) R4 absorbed UBSA R4 sbsorbed U9

High cell UB5A 5,000 - -
Low cell U93B - - -

Table ITI Antiglobulin titres after sbsorption of the sensitising
th or lowe ut le eell.




The differential agglutinability shown by R4k (19/5/66) was not due to an
antigen vhich was present only on the high agglutinable cells as the absorptions
of this serum have proved, Although the agglutination by the various other
anti-red blood cell sera used does not seem to involve antigens which are
present only on the high agglutinable cells, the results using antisera to
high and low agglutinable cells might suggest that there is some antigenic
difference between the two cell types, and that this can be detected using
rabbit antisera; this hypothesis requires further investigation, first to
confirm the result and then to explain it,
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Chapter 4 The mode of inheritance of agglutinability

The various systems used in the antiglobulin test, and discussed in
Chapter 3, show that the two classes of agglutinability found in bovine red
cells are not due to a freak reaction with one antiserum, but are due to a
difference in the structures of the two classes of cell, In the initial
studies using the antiglobulin test, a panel of monoszygous twin pairs was
tested, The results of these tests led to the suggestion that the nature of
the bovine red cells' ability to agglutinate may be controlled by a simple
genetic mechanism, The suggestion was 1n;rea'dgatad in the experiments
reported in this chapter, During these studies marked differences were

noted in the agglutinability of the red cells of different breeds of cattle,

Family studies were carried out, and the hypothesis put forward that
the mode of inheritance of high agglutinability is simple, and that high
agglutinability is recessive to low agglutinability,

esults

Monozygous twins
In some of the earliest studies using the antiglobulin test a panel of

monogygous twin pairs was tested, These animals were identical in every
respect including their antiglobulin agglutination class (Table I), When a
further study, using a larger number of animals, was made and only the two
classes of agglutinator were found, it was discovered that some breeds of
cattle were predominantly high agglutinators and others were mainly low



HZ231A
NZ238A
MZ308A
uZ310A
KZ318A

B
MZ320A
uZ322A
MZ32hA
NZ325A

B

MZ328A
B
Control

Cell

FS101A

Table I
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Agglutinability Titre Animal Agglutinability
High 1272 MZ329A Low
High 131 7T B Low
Low 0 MZ339A Low
Low 0 B Low
Low 0 MZ3 1A Low
Low 0 B Low
High 1:2 7T MZ342A Low
High 1:2 T B Low
Low 0 MZ343A Low
Low 0 B Low
Low 0 MZ3W4A Low
Low o B Low
Low 0 MZ345A Low
Low 0 B Low
High t2 T MZ3L6A Low
High 1:1 7 B Low
Low 0 MZ3LT7A Low
Low 0 B Low
High 12 T ¥Z351A Low
High 12T B Low

Control
Cell
High 1:2 T U93B Low
Results of b tes MZ

T = thousand

Titre
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agglutinators (or inagglutinable), Therefore, a more intensive breed survey
was carried out, an effort being made to test samples from as wide a range of
breeds as possible, A great many of these samples were those sent into the
Cattle Blood Typing Service for routine parentage testing, others were from
the Animal Breeding Research Organisation's farms,

reed cie "

The survey showed that there were marked differences among breeds in the
frequencies of agglutinability (Table II), For example, of 255 Herefords
tested, 847% were high agglutinators, By contrast, of 990 Friesians tested,
only 247 were high agglutinators, The predisposition to one or other class
was less marked in the Ayrshire and Jerssy breeds; 40% of Ayrshires and 58%
of Jerseys were high agglutinators, After finding notable breed differences,
it was hoped that an association might be found between agglutinability and
other blood-group characters, This aspect is dealt with in Chapter 8,

Both from the results of experiments on monoszygous twins and from the
breed differences in agglutinability it appeared extremely likely that the
character was genetically controlled, To test this, blood samples were

collected from over 100 families,

Family studie
Antiglobulin tests were carried out on all the samples, Haemolytic tests
conducted simultaneously on the first 150 samples proved that all the samples

were equally sensitised with antibody,
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Agglutinability
Breed High Low % High

Aberdeen-Angus 27 8 771
Ayrshire Ly 6 40,3
Blue Grey L8 56 461
Charolais 10 27 27.0
Devon 26 2 92,8
Friesian 230 760 241
Guernsey 28 88 23,2
Hereford 213 42 83.6
Jersey 103 73 58
Lincoln Red 1 5 6847
Longhorn 20 2 454
Shorthorn 6 2 75
South Devon 2 39.3
Sussex 0 26 0
Welsh Black 1 L 20
Cross breeds
Friesian x Ayrshire 1 5
Hereford x Aberdeen-

Angus 2 Y
Hereford x Friesian 12 18
Hereford x Shorthorn 0 2
Foreign Breeds
Angoni Shdy 555
Brown Swiss 0 7
Chianina 0 3
Piemontese 0 6
Valdostoma 3 L
Holstein x Brown Swiss 1 10

Table IT An antiglobulin survey of different breeds of cattle
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The results of the family studies (Table III) showed that when both parenmts
gave a high agglutination reaction, all offspring also gave a high agglutination
reaction and never showed low agglutinability, If the parents were of different
classes of agglutinability, offspring of both classes were produced, irrespec-
tive of whether the dam or the sire was the parent with high agglutinability,
Matings between two low agglutinating animals also produced offspring of both
classes, These results fit the hypothesis that high agglutinability is reces-
sive to low,.

Parents Off'spring
41 High x High 41 High
High x Low 3 High + 42 Low
76 {Low X High
174 Low x Low 17 High + 157 Low

Table IIT Family studies

The percentage of animals with high agglutinability in each breed is given
in Table II from which it can be seen that there are big differences in the
frequency, To test whether the character was in fact simply inherited it was
necessary to have a large number of randomly selected families in each breed,
The samples were not entirely random, as some were taken from the blood samples
sent to the Cattle Blood Typing Service, and several of the bulls involved had
been used in two or three different matings, However, the animals were not
chosen specially for this experiment and had not been tested previously, so
that no animal was included or @xoluded due to prior knowledge of its class
of agglutinability.



Inheritance of agglutinability
: 3 three
The frequencies of the 4we genotypes, homozygous high and heterozygous

and homozygous low, were calculated from the data from Friesians; it was
assumed that there waz no selection, From this information the probability
of a low agglutinator being a homozygous low waz calculated, and it was found
that 1 in every 3 animals would, in fact, be homoszygous low, Then the
expected number of high agglutinator offspring of homozygous and hetero=-
gygous matings was calculated from the data for Friesian,families and

compared with the number actually observed, It was calculated that there should
be 5 high agglutinator offspring from 44 low x low matings; the cbserved
number was 6, Similarly, from 12 high x low-agglutinator matings there should
be 4 high azglutinator off'spring; L4 were found, These results indicate that,
from the data presented here, the character for high agglutinability is
inherited as a simple trait in the Friesian breed, (See Appendix C for

calculation),

The Hereford and Ayrshire family data were analysed similarly; the
results, shown in Table IV, confirmed that, in the data prosented here, the
observed values of agglutinability fit with the hypothesis that the character
for high agglutinability is inherited and is recessive to the character for

low agglutinability,

The volume of family data is too small to test for significance, but the
similarity of observed and expected results and the consistency within breeds
where there is a wide difference betwcen the frequency of occurrence of high

agglutinators and low agglutinators, fit the hypothesis,



Breed Parents

Friesian 2Hx H
12H x L

WL x L

Ayrshire 19H x L
25L x L

Hereford 21fH x H
8Hxz L

-5l =-

Offspring

LH + 8L
6H + 38L

8H + 11L
4H + 21L

21H
LH + 4L

Number of High
Agglutinators
Expected Observed
2
4 4
5 6
7=8 8
4 L
21
4 4

H = high agglutinator
L = low agglutinator

Table IV Iable to show %c number of high agglutinators expected
and observed matings within separate breeds



Chapter 5 Examination of the agglutination process by
means of fractionated sera

In Chapter 4 it has been shown that the mode of inheritance of the agglu-
tination character of bovine erythrocytes is simple in the animals studied,
The questions of how these cells agglutinate and why one class of cell dces
and the other does not are considered in the present chapter, Coombs et al.
(1951) put forward the hypothesis that the receptor sites in the inagglutinable
cells are situated in pits, whereas the receptor sites in agglutinable cells
lie on flat areas of the membrane surface, They also proved that all the cells
were equally sensitised at ﬂ.xeso sites by the sensitising antibody, They
envisaged a situation in which the sensitising antibody and the anti-globulin
molecule were not long enough in two inagglutinable cells for the cells to
combine, In the agglutinable cells the receptor sites were exposed and the
inter-site distance was short enough for agglutination to occur between cells,
Coombs gt al, built up antiglobulin « globulin 'lattices' to show that even
inagglutinable cells can be made to agglutinate,

With the idea of membrane pits in mind it was decided to investigate the
sensitising antibody to see if the 7S antibody was equally or more important
than the 198 antibody in the antiglobulin agglutination reaction, As the 78
is smaller (molecular weight 150000) than the 195 (molecular weight, 900000)
it was thought possible that the former might penetrate deeper into the membrane
surface, so that the reaction with 7% would be more intense than with 193,
Alternatively, it might be possible that the 198 antibody, being the larger,
could be the only antibody to react, the 75 being too short to do so, The
198 is known to take part in the antiglobulin agglutination, as Paul Bunnell
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serum is pure 193. An attempt has been made to investigate the relative impor-
tance of the 79 and 198 antibodies by fractionating the sensitising sera and
testing the fractions to find out in which fractions antiglobulin activity

occurred,
Methods
IEAB=cellulose fractionation

1 ml, of sample was used for every 2 g, dry weight of DE 32 used in packing
the column, The serum sample to be fractionated was added to an equal volume
of 507 saturated ammonium sulphate solution to precipitate the immunoglobulins,
The precipitate was washed twice in 507 saturated ammonium sulphate solution
and was then dialysed overnight against the starting buffer, The column was
equilibrated with the starting buffer and then the sample applied, and the first
elution made with the starting buffer, Subsequent fractions were eluted using
either stepwise or gradient buffers, the details of which are shown on the
graph of the fractionation of each serum, The eluate was collected in an
automatic fraction collector, and the protein concentration estimated at 254 mm
in an L,K,B, uvicord, Gradients from the lowest to the highest molarity buffer
were effected using a bridge, made of glass tubing, between the two buffers
which were stirred continuously, The buffers, which were degassed before use,
were made up freshly each time from stock solutions of O.Zg-Nl.zﬂPO" and

Nﬂﬂgm)“ to pH7.0.
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goo &ghadex fractionation

1 g, of Sephadex was swollen in 160 ml, of distilled water for 1 week,
This was finc;d many times and then degassed before the column was packed,
The packed column was equilibrated with buffer, and, after dialysing overnight,
the sample was applied, The fractions were collected and the protein'concen-
tration estimated as in the DEAR fractionations, i

atch method of of bit

An equal volume of whole rabbit serum was added to 507 sa.tm'e.tod ammonium
sulphate solution, This was left at room temperature for the immunoglobulins
to precipitate, The precipitate obtained after centrifuging at 18,000 g for
15 min, was washed twice with 507 saturated ammonium sulphate, The precipitate
was then dialysed against 0,01l~phosphate buffer of pH7.4 for 24 hr, The
resulting suspension was added to DE52 sludge using 1 ml, of sample to 5 g.wet
woight of DE52, This was stirred well and stood at z,‘c for 2 hr, when an
equal volume of 0,01M=-phosphate buffer was added, mixed for 5 min, and then
spun at 18,000 g for 15 min, at 4°C. The supernatant then contained the IgG;
this was stored and the sludge washed again with the same buffer to cbtain the
. remaining IgG, Both supernatants were filtered to give a pure, dilute IgG
f‘racﬁon, which was concentrated by dialysing against 507 polyethylene glycol
in 0,1M-phosphate overnight, This method gives about 70% recovery of IgG,

liercaptoethanol and iodoacctamide treatment

Immunoglobulins were precipated from whole serum in the usual manner,
The precipitate was then dialysed for 24 hr, against 0,2Ne-mercaptoethanol in
0.,9% saline, The mercaptoethanol broke the disulphide bonds which exist in



Igt, The dialysate was then dielysed against 0,2M-iodoacetamide in 0,97 saline
for 6 hr, to remove any remaining mercaptoethanol, A further dialysis ageinst
0.9° saline for 2 hr, was carried out to remove any remaining reagent,

Concentration of protein fractions
A1l the fractions collected were concentrated by pressure dialysis for

24 hr, before being used in the serological tests,

ZIpsunoslectrophoresis

E f buffer

Oxoid BR II Bu‘biton? a.o«)atate buffer & 5,0g, soluble barbitone
BAB

3.25g, sodium acetate
3442 ml, 041N=HCL

16458+ BAB granules / 1‘.320 pH = 8,2

Lreparation of agar

15g. Ionagar No., 2 (0Oxoid) were added to 500 ml, distilled water giving
the suspension a pH of 8,5, The solution was heated on a water bath, allowed
to solidify, and then dialysed against distilled water, containing 2 drops of
agide, at 4°C for 2 hr, before being dried and stored in small quantities,

Microscope slides, 3 x 1" or 3 x 3", were cleaned in industrial meth-
ylated spirits. They were numbered and put on a level table., 1.57 (w/v) agar
in 0,025 j-sodium barbitone, pH 8,2, was boiled and pipetted quickly onto the
slides, The slides were allowed to cool in a moist chamber and af'ter 45 min,
when the gel was solid, the troughs end appropriate size and number of wells



were Sut out., Serum samples were added to the wells by capillary pipettes,
The immunoelectrophoresis tank was set up using the prepared barbitone buffer
(pH 8,2)s The slides were put on the tank; the wicks were in the buffer and
also in contact with the gel, A LOV current was passed through each gel,
Marker dye was put in the top serum well so that the distance the serum had
run would be visible, The current was kept constant until the samples had
run fully (about 2 hr,), The slides were removed from the tank and the sera
added to the troughs, They were then left in a moist chamber overnight for
the sera to diffuse and precipitate, The following day 0,97 saline was added
and left for 24 hr, to remove excess unprecipitated protein, and then the
slides were put in distilled water for 24 hr, to wash out the saline,

The slides were dried in an oven at 37°C before staining with 10% (w/v)
anido black for 1 min, and washing overnight, They were dried asgain and then

read,

Antigiobulin - globulin lattice

27, suspensions of washed, packed red cells were made up in 1 ml, with 0,97
saline, These were treated with 1 ml, of serially diluted rabbit anti-bovine
serun R4 (19/5/66) in saline for 1 hr, at 37°C. The cells were centrifuged
and washed with saline three times before being resuspended to the original
volume ix; saline, A 2-drop agglutination test was then carried out adding 1
drop of eell suspension to 1 drop of bovine anti-rabbit globulin K21 (17/5/67)
at 1:50, The test was shaken and read after standing at room temperature for
30 min, An equal volume of the same antiglobulin serum was added to the
renaining cell suspensions and was left at 37°C for 30 min, The cells were



washed in saline three times and then an equal volume of 0,27 normal rabbit
serum was added, After sensitising at 37°C for 30 min, the cells were washed
and tested again in an agglutination test, The cells were then treated again
alternately with the antiglobulin serum and then the normal rabbit serum until
the agglutination test showed the cells to be agglutinated, Oontrols of saline
and normal bovine serum instead of rabbit anti-bovine serum were used,

Results

The original serum used in the antiglobulin tests Rk (19/5/66) was frace
tionated (Pig. 1a and b) on a DEAR-cellulose column, Using a phosphate buffer
and a gradient of increasing molarity, the first protein peak was eluted at
0.,0175 li=phosphate, This peak was found by immunoelectrophoresis to contain
a pure Tgt (or 75 immunoglobulin), The fourth peak which was eluted at O.4li-
phosphate, contained Igi (or 195 immunoglobulin)., The first peak was pure but
subsequent ones were contaminated with other proteins, Therefore, to obtain
a pure 195 fraction the same serum was fractiogated on a G200 Sephadex column
(Pig. 22 and b), When this gel is used the smaller protein molecules penetrate
into it and are retarded, so that the larger protein molecules are eluted first,
The first pure peak in this case was the 193, the second one conteining the 75,
The fractions containing the protein peaks were collected and ccncentrated by
ultrafiltration before being tested for antiglobulin activity, The 198 was
present in very small amounts as it was not readily detected in immunoelectro-
phoresis, Therefore, to ascertain that the peak did contain pure 19'8', the
whole serum was treated with mercaptoethanol and iodoacotamide and then re-
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fractionated under exactly the same conditions (Fig, 3). This treatment,
which specifically destroys disulphide bonds (Deutsch and Morton 1957),
reduced the size of the first protein peak drastically, It is known that
these double bonds occur in the structure of 195 and when they are destroyed
the 19'8- loses its activity.

The pure 7S and 195 from all three fractionations were studied in haemo-
lytic, agglutination and antiglobulin tests (Table I), Haemolytic activity
was found in all the fractions tested, although it was much reduced from the
whole serum titre of 1:5000, The 7'8- generally gave a stronger reaction by
one doubling dilution than the 198 fraction, but there was no difference
between the cells with high and low agglutination when tested with any fraction,
In the direet agglutination tests activity was agein found in all fractions.
The whole serum had a complete reaction to a titre of 1:320 with cells with
high agglutination, but this value was reduced to 1:80 after treatment of the
serum with mercaptoethanol and iodoacetamide, This shows that the 195 was
active in the agglutination reaction and its titres were similar to that of
the 75 The cells with low agglutination were only agglutinable to a titre
of 1:40 when whole serum was used and the titre was reduced to 1:20 after
inactivation of the 19'5 component, In the antiglobulin agglutination, the
whole serum reaction with an a.gglutinablle cell was complete to an antiglobulin
titre of 112000, After the 195 activity had been destroyed, the whole serum
titre was reduced to 1:640, This finding, when considered together with the
78 titre of 1:640 and the much lower 195 titre, implies that in this serum the
195 activity is not as important as the 7S activity,
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¢
DEAE 6200 KAT treated
Test Agglutinability | 01 | 75 | 495 | F [198 molel® |18
Haemolytic High 1:5,000 | 1:64 |1:32 |1:128 |1:64 | 12320 [1:32 |1:16
Low 1:5,000 | 1:64 |1:32 |1:128 |[1:64 |1:320 1:32 | 1:16
Agglutination High 1:320 1:16 |1:8 1:32 1:32 |1:80 [1:8 1:6
Low 1:40 1: 1:2 1:16 1:8 [1:20 [1:2 0
Antiglobulin High 1:2,000 | 1:640 | 1:256 |1:1, P |1:640 | 1:640 P
Low 0 <2 <2 <5 0 <5 <10 |0

k&I - mercaptoethanol and iodoacetamide

P = prozone (see Table IV)
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A sheep anti-bovine red blood cell serum 3A146 (17/12/69) (Pig. 4a and b)
and a bovine isoantiserum MZ111B (1/8/68) (Pig. 5a and b) (see appendix B for
sera production), were also fyactionated to investigate the activity of their
components in haemolytic and agglutination tests (Table II), In the sheep
anti=bovine serum (3A146) the 198 fraction showed very little haemolytic or
dipect agglutination activity, The whole serum and 7S fraction both exhibited
haemolytic activity but virtually no direct agglutination activity, In an
antiglobulin test the whole serum (1:640) and both fractions (1:320) gave titres
with cells of high agglutination but were negative with cells of low aggluti-
nation, The results with the bovine iscantiserum (MZ111B) were similar,

The antiglobulin serum used most frequently in this study was K21 (17/5/67).
This was fractionated (Fig. 6a and b) and showed no activity with bovine cells,
other than as the antiglobulin serum; the reaction with whole serum was much.
higher than with either the 75 or 195 components, (Table III),

Discussion

By fractionating the sera used as sensitisers in the antiglobulin test
it has been shown that, while rabbit sera show haemolytic and agglutinating
activity in all 78 and 195 fractions, sheep and bovine sera show activity only
in the Ig6 (7S) fraction, apart from antiglobulin activity which is again found
in both fractions, Therefore both Igt (75) and Igh (195) are important in
antiglobulin agglutinability., From the results of the sera tested here it would
seem that IgM was less important than IgG, but these results are probably due
to the sera having very little IgM, As has been shown previousl