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INTROZUCTION

A number

cific seroclogical inhibition valuable in char

of A, B, H and Lewis substances from various

during purification procedures of

oup substances,
to determine in which body fluids and/or tissues these sub-
stances were distributed. In addition, this technique was

value, during the assays, in determining whea

tion of the blood group substances
possible by this knowledge to avoid procedures that would
cause degradation. These investigators demonstrated that

prevent their specific

Hackel et al. (46, 48) have discovered chemical

substances other than isolated blood group substances
would specifically produce inhibition with anti-Rh and
Lutheran sera. By adding one of these chemical substances

to a serum with a specific antibody, it was possible for

them to demonsirate that the resulting hem

reacti> was decreased. In otner words, erythrocytes






added to

tney would be agglutinated,

were not 5 y agglutinated in the presence of these

substances as would have been the case without the addition

Their investigations included testing sixty differ-

ents consisting of sugars, amino acids, short chain
polypeptides, purines, pyrimidines, desoxyribonucleic acid
(DNA) derivatives and ribonucleic acid (ANA) derivatives.

They found

(adenylic, ids), all ribonucleic

acid derivatives,

and agnti-Lutheran sera. As pointed out by Hackel et al.

h respect to the ccnceptuzl scheme

places riborucleic acid in the key position between desoxy-

protein as phaeno-
zenetic mazterial, there have teen few demonstrations of

specificity ‘attributable to ribonucleic acid."

the purpose of this study to conduct a fur-
tner irvestigation of three of these inhibitors discovered

(48), namely, adenosine-2'-3'-moncp

-3'-moncphosphate (CiP)

rooncpnoschate (JLF) and their effects at various concentra-
T—ions and pH's on antitodies in the Rh system.

derivatives of ribonuclei

the cytorlasm of living

main component in some viruses.






Kibonucleic acids are thought to play an active role in

protein synthesis of the cell. They consist of a nitrogenous

base (either a purine or pyrimidine), a sugar (d—riboée)
and a phosphoric acid group. The bases used in this par-
ticular study were either adenine, cytosine or uracil.
Figure 1 illustrates the chemical structures of the inhib-
itors used ipn this investigation. Mixtures of 2'-3' deriv-
atives were emﬁloyed by Hackel in his early investigations

and were used in this study.

X
T?Ghm
ooc‘\;‘)l‘-‘"
HOCH |
o oo 3
e Y -4‘0 ? ’i‘ ‘ A~
r./s ‘ﬁh}cu L\cﬁ| L NS
nc‘\,‘;c\&/ ‘l) oK O,c;&;cu
4 ' '
$ (3
HOCH, _o | HO —P — OH HOCH, _o l
N\ . I
"c H H ] 0 «C_H H C
N/ e INEm ]
H | | H CYTIDINE=3'"- PHOSPHATE R LA
(l) OH 0 OH
l
HO—?—OH HO—P ~OH
o) 0
ADENOSINE -3'~PHOSPHATE URIDINE —3'—PHOSPHATE

Fig. 1. The structure of 3'-monophosphates is
illustrated. The 2'-monophosphates differ in that
the phosphate group is attached to the 2'-carbon
of the sugar rather than ths 3'-carbon.






It was thought that through a further investigatior

of the effects of these inhibitors by varying their concen-

tration and pH, it might be possible to gain a better under-

standing of the chemical nature of the antigens involved,

as well as the immunological specificity. It 1is realized,

kowever, that the problem chosen by this author is but one

of many facets of the total situation involving antigen-

antibody reactions.






CHAPTER 11

KEVIEW OF TEX LITERATUTE
I. History of the En Factor ?
Yo
Darrow (29), in 19%R, mzde a review of tre liter=z- '
ture and an agnalysis of puriished data conrcerring hemolytic -

disease ¢f the newtbtorn. Ee was one of the first to concluie

that an approrriate etiological extizraticrn for this disease
could be attributed to an antigen-antibcoay reaction. Tre
kind of reacticn involved was determined tne following year
in 14939,

The beginning of an unierstandinz sf the En facror
was the work cf Levine arnd Stetscn ‘4o) in 1933, Trey
studied the blood of a woman wroe rad given birth to a Tetus
which had been dead for six weexs prior tc delivery. An
unusual antiboady was fcund in th.s pzatient's serum wnich
agglutinated tre red ticod zelils of ARiA of tne otner irdi-
~viduais tested naving the sAace A-%-0 groupr as that of tne

roatient. 1t was thought, tyv tren, tha®t the retenticn ¢f

t—he dead fetus was
a_ ntibodies.
an antigen

mianization.

erclie far *+he ynusngl marterrsy)
vat LUl ne Unusnal materrna.
+ . o+ . 1 3 v R P
ed that tre fetus Yad irherited
5 1 . N ~ ~ -+ < .4 Al .
r wnlan <cgqus=sad InL® raisgrrna. 1in-







However, the true implication of their discovery

and interpretations were not clear at the time. As men-

tioned by Race and Sanger (76, p. 1i¢', "hal ILevine ani Stetson

given a name to the blood group system which they had dis-

covered, it, and not Rh, would have been the title to [their]

chapter and of a thousand other publications." ?
In 1940, Landsteiner and Wiener (58) injected rab- =

bits and guinea pigs with blood cells from the rhesus monkey .

(Macaca mullata). They found after absorption of the rabbit

serum to remove antibodies characteristic of the species
that there was left an agglutinable factor which aggluti-
nated not only the monkey red blood cells but also 85% of
the blood of white people tested in New York City. The
authors named this new agglutinin, anti-Rh, after the rhesus
monkey whose blood cells had produced the original antibody.
Thus, those people whose blood cells ﬁere agglutinated by
this antibody were called Rh positive, whereas those, whose
cells were not agglutinated by this antibody, were known

as Kh negative individuals.

Wiener and Peters (88) studied the blood of three
patients who suffered severe transfusion reactions in spite
of receiving compatible A-B-0 group blood. They demonstrated
the presence of antibodies whose action resembled that of
<=ntibodies in the original anti-Rh serum.

Davidsohn and Toharsky (30) and Murray (73) demon-

s trated through absorption experiments, antigenic differences






vetween the Rh factors in the blood of man and that of the

rhesus monkey. Essentially, they found that the animal
antisera, after absorption with human kh positive cells,
also contained agglutinins for rhesus erythrocytes. Fisk
and Ford (37) also confirmed the earlier fact that there
were differences in their demonstrations with cord blood
of 312 infants. All of them gave positive reactions with

serum derived from guinea pigs, whereas 8.8% gave negative

T —

reactions to one human serum, and 13.6% to another.

Thus, it was obvious that the anti-Rh serum derived
from animals was related to the human anti-kh variety, but
was not identical to it. In fact, for this very reason,
anti-Rh serum derived from animals cannot be used today in
accurate typing of human bloods for the kh factor.

In 1941, Levine, Katzin and Burnham (64) examined
bloods of sixteen women who had given birth to fetuses

thought to have died of erythroblastosis fetalis (hemolytic

disease of the newborn attributable to the Rh factor). They
found that fourteen of these women were Rh negative, six
had demonstrable agglutinins and that all of the fathers
and fetuses tested were Rh positive.

Later the same year, Levine, Katzin and Vogel (65)
=summarized their observations and presented blood studies
<on 153 women who had given birth to infants with hemclytic
Aaisease. Ninety-three per cent of these patients were kh

negative and seven per cent were Rh positive. Of 141 women






tested, 42 showed the presence of anti-Rh agglutinins.

Many, who had no agglutinins, had not been pregnant for
over a year; furthermore, all of the 80 fathers and 76
affected infants were Rh positive.

From the observations citéd above and similar ones
by other investigators (8, 50, 60, 78), the rolg of the
Rh factor in blood transfusions and hemolytic disease of
the newborn became increasingly apparent.

It was evident that the Kh agglutinin was not a
naturally occurring antibody but was produced by Rh nega-
tive individuals upon introduction of the antigen into their
systems. This was brought out by the fact that Kh negative
individuals who had received one or more blood transfusions
displayed Rh positive antibodies.

Also, it became clear that the phenomenon of erythro-

blastosis fetalis occurred in a situation where the Rh neg-

ative mother was carrying an Rh positive fetus, with the

Rh positive factor necessarily inherited from the father.

It was thought that the Rh antigens of the red blood cells

of the fetus, in some way, crossed the placenta, escaping
dnto the maternal circulation. Since the mother lacked
—these antigens, antibodies would be produced against these
T=oreign intruders. These antibodies, then, could pass back
t—hrough the placenta intc the circulation of the fetus where
they combined with and coated the red blood cells of the

fe tus, destroying them by hemolysis.






It was noted that one or two incompatible preg-
nancies were usually required to immunize the mother which
meant that the first and second Rh positive infants were
quite frequently unaffected. It is now thought that this
phenomenon concerning the effect of the antibody on the

fetus depends upon the titer (quantity) and avidity

T

(strength) of the antibody present in the maternzl cir-

culation.

Besides this, it was discovered that many of these ke

1 negative women exposed to this kind of antigenic stimuli

never tecame immunized. It would seem that it was due to
the fact that the maternal circulation was not exposed to
the zntigen on tre erythrocytes of the fetus; but why and

how this occurs in some cases and not in others is not known

ently more than one variety of Rh factor. 1In 1941, Levine
et al. (65) made mention thnat not all Rh antibodies found
in all human serums were identical. They found blood that
was kh positive to anti-Rh serum and also contained Rh
agglutinins of a different specificity. ILandsteiner and
d#iener (59) aescribed and verified tnis and commented on

the fact that numen serums varied to some extent

=—bility to cause agglutination. Still znother variety was

discovered by Race et al. (79) in 1943.
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In 1943 Fisher, cited in Race and Sanger (76), pos-
tulated allelic genes which would produce antigens and in
appropriate individuals would cause the production of anti-
bodies. He further postulated that these antibodies, pro-
duced as a result of antigens that originated from allelic
genes, would give an antithetical reaction. Thus, he recog-
nized the fact that two of the anti-Rh sera described by
Levine et al. (65) and also by Landsteiner and Wiener (59)
were antithetical and gave them the names, anti-C and anti-c.
Since the two remaining sera, the original anti-Rh described
by Landsteiner and Wiener in 1940 (58) and that discovered
by Race, did not react in an antithetical manner, he further
postulated that they, too, had antithetical forms. He called
the original Rh antibody, anti-D, and the latter one, anti-E.
The postulated antithetical forms he labelled anti-d and
anti-e.

Anti-e was discovered by Mourant in 1945 (72) as
predicted. Diamond, cited in Race and Sanger (76), in 1946,
first reported anti-d followed by two other examples reported
by Haberman et al. (43) in 1948. However, later, consider-
able doubt was raised as to the specificity of the anti-d
Sera.

Fisher theorized that there were three genes with

c—ontrasting alleles responsible for the antigens C, ¢, D,
d, E and e found on the red blood cells. He felt that these

genes were closely linked. Wiener disagreed with this,
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pointing out that instead of three genes, only one gene
with multiple alleles could be responsible for the expres-

sion of the Rh antigens on the red blood cells. However, as

ger (7€, p. 1

of three sites where Mendelian substitution can go on seems
to us unassailable, and to argue whether the three sites
are to be placed within or without the boundary of one gene
appears particularly unprofitable at the present time when
no one seems to know what the boundaries of a gene are."

In addition to the three main antibodies and the
antithetical forms already mentioned, subgroups of these
were found, most of them being fairly rare. This
author shall limit the discussion to those already mentioned
since these are the only ones considered in the experimenta-
tion of this paper. A very thorough discussion of the other
variant forms of anti-Rh can be found in Race and Sanger
(76).

Nomenclature in early investigations presented no
problem, but, with the addition of more and moreAinforma—
tion, complications began to arise which necessitated a
more standardized nomenclature. The following is an ex-

ample of the terminology systems which are now widely used:

, "The existence

P
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Gene Combinations Eh Antigens
Fisher Wiener Fisher Wiener
DCe Rl D Rho
DeE E, c rn'
Dee EN E rn" .
DCE Rz d Hro
dce r c nr'
' " )
dCe R e hr !
'
dcE R’
dCE Ry

I1. Nature of Rh Antigens

As has been pointed out previously, Rh antigens
are present in erythrocytes of Rh positive and negative
individuals. Investigators such as Bornstein and Israel
(10), Diamond (32), Potter (74), and Stratton (82) have
demonstrated the presence of kh antigens in fetuses at
various stages of development, this veing indicative of
the fact that kh antigens appear early in life.

Fisk and Ford (37) found that the Eh antigens in
infants differ somewhat from those found in adults. Animal
anti-Rh serum, derived from guinea pigs, was shown to ag-
glutinate the red oblood cells of infants up to one month
of age whether the infant was kh positive or negative. This

was not the case wiih adults.






More recently in 1961, Levine and co-workers' find-

:s (67) suggested that there is a

rhesus monkey, human Rh-positive and
red blood cells. Thney indicated that guinea pig reagenis
produced by injection of the above cells or their extracts
defined an agglutinable property which differs distinctly
from the human D antigenic determinant. The human anti-D
will not agglutinate Rh negative cells, whereas in this
experimentation they were able to recover eluates from
Rh positive, Rh negative and rhesus monkey cells that
gave D-like specificity. They concluded that the term
"rhnesus factor," as applied to the human D (Hho) antigen,
appears to be a misnomer.

There have been investigations for the Rh antigen
on body fluids and tissues other than erythrocytes. Levine
and Katzin (62) were unable to find kh antigens in saliva,

sperm cells and seminal fluid. Wiener a

=

d Forer (89) con-
firmed this absence and concluded that the antizens were
only present in erytrrocytes. Boorman and Dodd (7) reporte
the antigen's presence in the liver, spleen and salivary
glands of kh positive individuals and also in the saliva

of 27 of the 51 Rh positive individuals they tested. How-
ever, this has never been confirmed. Witebsky and Mohn
(92) reported finding the Kh antigen in amniotic fluid in
four-fiftns of all pregnancies in which the fetus was Rh

positive and none in the Rh negative fetuses.
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Several investigators have undertaken the task of
separating the Rh antigen from the red cell stromata through
hemolysis. Belkin and Wiener (6) subjected erythrocytes
to hemolysis and claimed that they obtained Kh antigen along
with A and B substances. They mentioned that the inhibition
and absorption titers obtained for the various Rh proper-
ties were consistently lower than the titers obtained for
A-B-0 substances. These findings suggested to them that
the number of Kh "haptens" per cell may be less than the
number of A, B or O "haptens." Calvin et al. (17) separated
erythrocyte stromata into a protein fraction which they
called stromatin and a lipoprotein known as elinin. From
elinin they separated an ether-soluble fraction containing
a still greater concentration of Rh antigen and proportion-
ately lower concentration of A and B antigens.

In 1947 Carter (23) reported an ether-soluble frac-
tion separated from group O Rh positive cells. This frac-
tion was non-antigenic in experimental animals but was anti-
genic when injected simultaneously with a protein carrier.
She claimed that this substance specifically inhibited the
agglutinins present in anti-Rh serum and it resisted inacti-
vation by heat. The substance was thought to be probably
the Rh "hapten" in impure form.

Price et _al. (75) attempted to purify Carter's sub-

stance and described the pure "hapten" as an acid, optically

inactive, soluble in alkali with a melting point of 156.9° -
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157.2°. It exhibited activity in dilutions of 1:5000 as
measured by the complement fixation test with anti-Rho serum.

According to Landsteiner (57), a hapten is a spe-
cific protein-free substance which, although active in vitro,
induces no, or only slight, antibody response. Thus, a
hapten performs as an antigen in that it combines with an
antibody in vivo and in vitro, but unlike an antigen it,
of itself, will not elicit the production of antibodies.
It was with this in mind that several investigators (16, 41,
42, 49, 53, 68) treated patients, with demonstrable Rh anti-
bodies during pregnancy, with an Rh "hapten" using Carter's
and/or Price's methods. It was thought that if this was
truly Rh hapten, then an Rh negative pregnant woman actively
sensitized at the time of treatment would be desensitized,
the maternal titer falling in response to treatﬁent with
Rh hapten.

The results of this treatment were quite variable.
In some cases the "Rh hapten" apparently seemed to help,
in other cases, there was no response whatsoever. It be-
came more and more apparent it could not be concluded that
this "Rh hapten therapy" was the determining factor as to
whether the mother gave birth to a normal child or the child
died of erythroblastosis.

Besides this, the previously mentioned experiments
of Belkin, Carter and Calvin were not found to be reproduc-

ible by other investigators. It also became apparent that
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what they labelled "Rh hapten" was, in reality, some other
substance, non-specific in nature.
In 1950, Stratton and Renton (83) followed Carter's
original and modified methods for extracting Rh hapten.
In all cases, control Rh negative cells were extracted at
the same time as the Rh positive cells. They found that =
the Rh positive cell extracts had a very slight inhibitory 1y
effect on Rh antisera, but also, that extracts from Rh neg-
ative cells proved equally inhibitory. It was concluded that
the phenomenon was of a non-specific character.
Evans and co-workers (36) made a study of the Rh
factor in elinin. They could not obtain an active fraction
of crude preparations of elinin by chemical or enzymatic

means, ncr could they repeat the work of Carter in ex-

o

tracting an active sutstance from red blcod cells by alco-

hel and ether.

These later studies helped confirm the belisf that
an Rh hapten or antigen actually had not been isolated as
first claimed by the earlier investigators. Thus, a pur-
ified form of Rh antigen has yet to be found.

There have been other studies such as that of Lubinski
and Portnuff (69) who did an investigation of heat and forma-
1lin upon the Rh agglutinogeﬁ. They discovered that the
addition of formalin to red blood cell suspensions reduced

their agglutin-ability for anti-Rh serum much more than

for A or B sera. It was also found that heating red blood






17

cells to 55° C for five to twenty minutes caused them to
lose their reactivity with agglutinating as well as with
blocking anti-Rh sera, whereas the anti-A, anti-B anti-M
and anti-N sera were not affected. They speculated that
these results might be due to the fact that the A, B, M and

N agglutinogens are on the surface or the Rh agglutinogens

I

are less numerous and/or there is a difference in chemical

structure.

III. Nature of Rh Antibodies

Kh antibodies do not occur naturally but are pro-
duced as a result of the introduction of Kh antigens into
the circulatory system of a susceptible individual, namely,
one who is negative for the Rh antigen introduced.

Two types of Rh antibodies are recognized in vitro.
They are (1) anti-Rh agglutinins which unite with Rh posi-
tive erythrocytes suspended in saline and (2) blocking or
incomplete antibodies which unite with kh erythrocytes but
do not cause agglutination unless the cells are suspended
in a protein-like material such as albumin or plasma. It
is thought that, in vivo, both types of antibody cause the
same kind of reaction, namely, hemolysis of the erythrocytes
following the union with their specific antigens on the
erythrocytes.

For the most part, these kh antibodies occur in

the serum of Rh negative individuals who have had an
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incompatible blood transfusion or in EKh negative pregnant
women carrying Rh positive fetuses. In addition to this,
Witebsky and Heide (90, 91) have demonstrated In antibvciies

1tly delivered women who had the

Potter (74) stated that it seemed probable that

agglutinating antibcdies were the earliest varieties f

in response to stimulation by Rh antigen. Blocking anti-
bodies appeared later and were thought tc be evidence of

a greater degree of immunization and they frequently per-
sisted much longer in the blood. However, either type of
antibody produced hemolytic disease or cculd be responsible
for transfusion reactions.

It has been suggested by Wiener (86) that differ-
ences in action between Rh agglutinating and blocking anti-
bodies might be due to the number of combining groups (sites
on the antibody where a chemical union could be affected
with the corresponding antigen) which make up each antibody.
The agglutinating antibody was thought to have two combin-
ing sites (bivalent) causing agglutination when each site
was attached to a red blood cell. On the other hand, block-
ing antibodies were thought to have one combining site (univ-
alent) which can attach to one erythrocyte but because of
the lack of a second site it cannot attach to a second eryth-
rocyte in order to hold two cells together.

The demonstration that incomplete antibody in a
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sultable medium could cause agglutination called into ques-
tion Wiener's theory on the univalence of the incomplete
antibody. To overcome this, Wiener et al. (87) proposed
that plasma or serum media caused the erythrocytes to "stick"
together because of a substance called "conglutinin" within
the media. In other words, it did not bring about proper .
agglutination. !
A different approach for the detection of inccmplete !
antibody was the antiglobulin or Coombs test described by
Coombs et al. (27) in 1945. It was found that erythrocytes r
coated with incomplete Rh antibodies would agglutinate upon
exposure to anti-human globulin. These anti-human globulins
were produced by immunizing rabbits with globulins of human
serum. This is a test widely used today for detection of
incomplete antibodies.
Diamond and Abelson (33) have shown that agglutinat-
ing and blocking antibodies are similar in that they may
unite with erythrocytes at room or icebox temperature, but
the reaction is more rapid at 37° C. However; blocking
antibodies are more thermostable than agglutinating anti-
bodies, according to both Diamond (33) and Coombs (28).
Coombs and Race (28) state that blocking antibodies
will not go through a collodion filter known to be perme-
able to proteins with a molecular weight of 30,000. They
also found that the electrophoretic migration of Rh posi-

tive cells exposed to either kind of artibody was the same.






20

Boyd (11) demonstrated that Rh agglutinins were
destroyed by exposure to pressures of 3000-4000 atmospheres
for twenty-four hours, whereas blocking antibodies required
pressures in excess of this for their activity to be inhib-
ited.

In 1947, Coombs and Mourant (26) suggested from
serological evidence that blocking antibodies were present
in the gamma globulin fraction of human serum with the pos-
sibility of there being small amounts in the alpha and beta
fractions.

In the late 1940's, Witebsky and Mohn (93), through
dialysis of certain sera containing Rh antibodies, not only
found blocking and saline agglutinating antibodies but a
supposedly third order of antibody (reactive only in the
antiglobulin test) in their various globulin fractions and

Supernatants.

Hill et al. (51) used the Reid-Jones fractionation
me thod (80) utilizing ion-exchange resin materials also
resulting in a third order of antibody which they termed

"eryptagglutinoids." However, whether these antibodies
e present a weaker reacting antibody detected only by means
©f <the more sensitive anti-globulin test or whether they
&Tre a true "third order antibody" has not been convincingly
demonstrated.

Cann and co-workers (21), in 1952, employed elec-

t:”CDPhoresis convection in the fractionaticn of Rh antibody.
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A series of top fractions of the sera were removed by suc-

cessive runs at progressively lowered pH, ranging from 8.1

to 5.3. Using four sera with Rh antibodies, they indicated

that the saline and blocking antibodies were found not only

in gamma globulin fractions of human serum but may also be

associated with proteins possessing mobilities of alpha and

beta globulins.
The same year Sturgeon and Brown (84) concluded

that the electrophoresis convection technique did not serve
to separate the agglutinating antibodies from the blocking

antibodies. The electrophoresis convection data tended to

show that both saline agglutinating and blocking antibodies
are distributed in two fractions of different mobility, one

of which is gamma globulin and the other, beta globulin.

They felt that from an immunological standpoint the total

antibody in the serum represented a spectrum with the saline

agglutinating antibody at one end, and the blocking antibody

at the other end. However, they felt that the heterogeneity

1n electrophoretic properties was unrelated to the hetero-
&Z€neity in antibody properties.

In 1953, Jankovic and Kuijnen (559, using three
AN tiji-D sera containing both agglutinating and blocking
antibody, separated them through the use of paper electro-
Phoresis. They found agglutinating and blocking antibody
STy in the gamma globulin fraction. They could not con-

ril‘m the observations of Cann et al. (21) that other
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globulin fractions also contain kh antibodies. The authors

felt that this discrepancy was due to the fact that a better
separation of globulin fractions was possible by means of

paper electrophoresis than by the electrophoresis convec-

tion method.
In 1959, Abelson and Rawson (1) employed yet another

method known as exchange chromotography. They found that

the incomplete antibodies were removed in a broad band,

whereas the saline agglutinins were found in fewer aliquots

of the eluting solutions. This, they felt, was in accord-

ance with the theory that incomplete agglutinins represent

a spectrum of molecules with slight variations while the

saline-active antibodies may be more nearly homogeneous.

Campbell et al. (19) claimed that they isolated

the agglutinating antibodies from the blocking antibodies

by ultracentrifugation. They stated that the Kh saline

agglutinins sedimented at a faster rate than the blocking

ty pe of antibodies. They came to the conclusion that the

REh saline agglutinins consist of molecules of a greater

Mo 1 ecular weight than the blocking type. More recent studies

nNawve confirmed this plus the fact that saline antibodies

We re associated with protein of a molecular weight near

., Q00,000, whereas incomplete antibodies possessed a molecu-

lar weight of 160,000 which is that of normal gamma globulin.
Chan and Deutsch (25), in 1960, did a study of the

< hnenical and biological activities of Rh antibodies which
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had been reported in the past. Additional information

gained from this study was that saline agglutinins were

destroyed by treatment with 2-mercaptoethanol, whereas

the incomplete antibody was not affected. This caused

a loss in direct agglutinating activity but reactivity

was demonstrated with the Coombs test. The incomplete

antibody, destroyed by papain digestion also resulted in
a loss of the usual agglutinin reactions but maintained

Coombs reactivity. They speculated that the loss of direct

agglutinin activity could be attributed to the fact that
the larger molecules, having been broken down into smaller
ones, had fewer sites to offer for complete combination

with antigen, but enough to affect Coombs reactivity.

We find, then,
that the investigators

in a review of the properties of

kh antibodies, have been able to
effect a separation of the antibodies
There was

through various phys-
ical and chemical methods. agreement that these
antibvodies are found in the globulin fraction of serum as

O Pposed to albumin fractions, and, at first, there was

d 1 sagreement as to which globulin fractions contain the

AT tipodies. However, it is now agreed upon by most investi-

A tors that antibodies are found primarily in the gamma

&1 obuylin fraction of serum.
There has been some attempt on the part of several

to differentiate the molecular size of the two types of

a‘r’*“’-:lbody which has resulted in apparent agreement that the

p -
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saline agglutinin has a molecular weight of approximately

1,000,000, whereas the incomplete antibody has a molecular

weight of about 160,000.

From the aforementioned information, it may be ob-

served that although there have been many reports concern-
ing the physical and immunological properties of both the

kh antigens and antibodies, very little is known about the

chemical properties of either.

1V. Hemagglutination Inhibition Studies
Landsteiner (57) stated that immune antibodies all

have the property of specificity in common, i.e., they re-

act, as a rule, only with the antigens that were used for

immunization.
Here was a clue to a method for elucidating the

chemical nature and structure of antigens of unknown com-

Position, namely, the hemagglutination inhibition test.

This test has been used effectively in the isolation and

S tudy of some blood group substances. It was employed by

Mol‘gan et al. in the purification of A, B, H and Lewis sub-

S Tances. Also, Kabat (56) and Boyd (12) have summarized

inhibition studies of other investigators and described

The jiphibition technique.
The inhibition reaction results from the union of
|1 artificial antigen or haptenic substance with the anti-

body in question. This artificial antigen or haptenic
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Hackel et al. (46, 48) have reported that anti-D,

anti-C, anti-E, anti-c, anti-e and Lutheran sera are spe-
cifically inhibited by four ribonucleic acid derivatives,
suggesting that the Rh and Lutheran antigens are at least
partly nucleotide in nature. This was further supported
by Hackel and Smolker (47) in their treatment of erythro-
cytes containing Eh and Lutheran antigens with ribonuclease.
The rationale was that if any antigenic specificity was
due to ribonucleic acid derivatives, then treatment with
enzyme, ribonuclease, should remove these from the cell,
lowering the agglutinability. They found that the treated

cells did lose part of their Rh and Lutheran specificities,

whereas the other antigens tested for were unaffected.

Boyd et al. (15) reported finding weak inhibition

of anti-D serum by three monosaccharides (L-glucose, L-mannose
and d-gulose). Anti-C was weakly inhibited by L-glucose

and anti-C and anti-E were both inhibited (less strongly
than anti-D) by streptomycin (a natural glycoside of N-methyl-
L —glucosamine) and rutinose.

In 1960, Dodd et al. (35) reported that they had

< 1 scovered substances which specifically inhibited anti-D
®ut pot anti-C or anti-E. They observed specific anti-D
i nhivition with crude and crystalline N-acetyl neuraminic
| <14, less inhibition by its glycol derivatives and weaker

L Nnibition by its degradation products, N-acetyl-mannosamine

|nNa D-mannose. A beef-brain ganglioside containing 17%
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neuraminic acid and a Pseudomonas pclysaccharide were al-
most as effective inhibitors as the crude and crystallire
preparations of neuraminic acid.

In 1961, Boyd and Reeves (13) reported that they,
too, found specific inhibition of anti-D antibody. The
substance that caused this effect was colominic acid in
a relatively low concentration (0.006 M). This substance
was prcduced by certain strains of Escherichia coli and

was thought to be a polymer of N-acetyl nueraminic acid.






CHAPTER III

THE EXPERIMENTATION

I. Materials and Methods Used

The inhibitors used in this study were adenylic
acid (AMP), cytidylic acid (CMP) and uridylic acid (UMP),
all of them consisting of 2'-3' mixtures.

Solutions of two, four, six and eight per cent con-
centrations were made of each inhibitor. This meant that
the molarity of each inhibitor at each concentration was
as follows:

concentration

4%
AMP ok

UmMp 4%

These inhibitors were dissolved and adjusted to the proper
BH py using 0.1 M of acid (pH 4.0) or alkaline (pH 9.0)
ID}lOsphate buffer solutions in conjunction with minute

|mounts of 0.1 M potassium hydroxide. Further dilutions

28
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L3512,  Each serum dilution was transferred in 0.01 cc.
volumes to a smaller tube and to each of these tubes was
added a 0.01 cc. volume of the desired inhibitor, followed

by a 2% red blood cell suspension, also in 0.01 cc. aliquots.
This mixture was incubated at 37° C for one-half hour or

one hour, depending upon the specifications of the serum
used. It was then read microscopicélly, recording the vary-
ing degrees of agglutination and scoring the same according

to the Kace scale (76) as follows:

Degree of agglutination Score
47 = agglutination clearly visible
to the naked eye 10

++ = very large agglutinates seen
microscopically 8

+ = large agglutinates seen micro-

scopically 5

(+) = smaller agglutinates seen micro-
scopically 3
w = the smallest definite agglutinates 2

- = no agglutination and cells evenly
distributed 0

These numerical values, of course, are arbitrary
but, without them, direct comparisons could not be made
between a control and test situation. This also makes it
possible to go Eeyond a qualitative comparison. Through
setting up a series of dilutions or standardized titration
of serum, quantitative aspects of antibody present in tne
serum can be determined. This 1s donrne by addirg the scores

together, obtained at individual dilutions within the series
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of the titrated serum, resulting in a total score. The
tctal score, then, indicates the amount of antibody present.
The aforementioned was applied in the present study
in the following manner: The total score of each titrated
serum with inhibltor was subtracted from the total score
of the titrated control serum containing saline in place
0f the inhititor, giving a measure of the inhibitor's ef-
fect. Hackel (44) calls this the "Inhibition Score." 1If
control scores of various serums were always the same,
direct comparisons could be made by using the innibition
score alone. However, since this was not always the case,
it was necessary to gn ore step further in obtaining an
index of the inhibiting power on the serum being tested
ty dividing the total con*trol titration score into the in-
hibtition score, resuiting in a "per cent inhibition" score.
In this experimentation, wooden blocks were used
that could accommodate fifty small test tubes per block.
Tnerefore, fifty tests were run at a +ime, consisting of
five rows. Fach row had ten tubes of the same titrated
serum. Tpoe sa'ine (0.9%) control was added to the first
row. Tne 2%, 4%, 6% and 8% concentration of innibitor,

. . : . m _
respectively, were added to tne other four rows. The ap

propriate erythrocytes were added to all tubes, Iolidoweqa

ty incubation and reading of the fifty tests, microscop-

. o . - _ sioned.
ically. Xigure 2 iilustrates the aforementicn d






352

AMP (pH 6.6) vs. Anti=D

Rl Rl cells

37° C (1 hr.)

Concentratior of
Innibi*or
Salire
Contrel 2% 4% % 8%
Full-strength ++7 s+’ a0 L2V
1:2 P AR ++ + -?
1:4 ++7 Y s +a (+) »
i
Lilutions 1:8 ++ ++ + (+) w :
of g
antisera l1:16 ++ + (+) w - v
-
1:32 + 4w - -
1:64 (+) w - - -
1:17°8 w - - - -
1:256 - - - - -
1:517? - - - - -
Total score Sc 48 Zn 28 18
"Innibition
sceore” 5 20 28 28
% innibition 14 34 50 68

F
S

e

o
o
=

2.

Samp.le

illiustration of

t-up and scoring procedure.

Tne atove procedure was

pH 6.8,

ferent

Serimls

cH 7.0,

Ci

pH 7.2,

o

with

-3

urn

pHd 7.4 and pH 8.

anti-C and

each 1in

anti-E.

the test

nititor at vrH o.c,

with three dif-

0,

anti-D, Controls usinrg

pancsphate buffer at eacn pH rather than innibtitor were run

witnh each serum during the first of the three test repetitiors
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but were discontinued since the results did not differ from

the saline controls.

III. Results’

The derived scores of per cent inhibition for each
inhibitor at different concentrations and pH with the dif-
ferent antisera are depicted in Tables I through IX. The
average per cent inhibition scores for the three repetitive
runs are also given. ,

There were differences between the three samples
of the same antiserum used as well as concentration and
pH differences of inhibitors. Examples illustrating these
individual differences between different samples of the
same kind of antiserum can be found in every one of the
following tables. For example, in Table II, at 2% concen-
tration and pH of 6.0, serum sample I gave 0% inhibition
and serum sample II gave 8% inhibition, whereas serum sample
III gave 18% inhibition; or at the other end of the scale,
as depicted in Table I, serum sample III at 8% concentra-
tion and a pH of 8.0 gave 100% inhibition, whereas sample
II gave 79% inhibition and sample I, 86% inhibition.

To accomplish a more generalized impression of what
is occurring with these results, the average "per cent in-
hibition" scores at different concentrations were plotted

against pH of inhibitor in Graphs Ia through IXa. A
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Comparison of the anti-serum with the three different in-
hibitors, adenylic, uridylic and cytidylic acids, respec-
tively, clearly demonstrated, in each case, that the greater
the concentration, the greater was the percentage inhibi-
tion. This was indicated by each plotted line, represent-
ing concentration, being completely separated from every -~
other plotted line with only a few individual exceptionrs.
In Graph Ila (AMP vs. anti-C) and Graph VIIIa (CMP vs.
anti-C), the 2% concentration exhibits slightly more inhibi=- .
tion than the 4% concentration at a pH 8.0, the differences ’
teing 1% and 5%, respectively. There was no difference
in per cent innibition between the 2% and 4% concentrations
in Graph IVa (UMP vs. anti-D) at pH 8.0. AMP vs. anti-E
exhibited only 1% difference, whereas UMP vs. anti-C showed
only 3% difference between the 2% and 4% concentrations
and no difference between the 4% and 6% concentrations at
pH 8.0. With concentrations of 6% and 8%, in all cases,
the separation of the curves were complete throughout the
pH series, with the 8% concentration exhibiting a greater
inhibitory effect than the 6% concentration.
With anti-D vs. the three different inhibitors
(Graphs la, IVa and VIIa), it can readily be seen that
the 8% concentration curve for adenylic acid is signifi-
cantly higher than the same concentrations of uridylic and
cytidylic acids. Also, with the exception of pH 7.2, the

curve for 6% concentration of adenylic acid is significantly
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higher than that of uridylic and cytidylic acids. The 4%
concentration curve of AMP is increased over uridylic acid
but it is not as clear-cut with cytidylic acid except at
the higher pH's from about 7.2 up to 8.0. The range of
all the curves of per cent concentration for uridylic and
cytidylic acid are about the same but fluctuate within this
range depending upon pH. Cytidylic acid appears to be more
erratic in its variations from one pH to the next, as com-
pared to uridylic acid.

Interestingly, in a consideration of these three v,
inhibitors vs. anti-C (Graphs VIa, Va and VIIIa), the con-
centration curves follow the same genefal pattern as was
found with anti-D. One significant exception is that none
of the inhibitors was as effective with anti-C as with
anti-D serum. Another rather apparent trend is that there
does not appear to be as much difference of all three in-
hibitors in inhititory effects between the 2% and 4% con-
centrations as there was with anti-D. This can be observed
by comparing the distances between the 2% and 4% plotted
concentration curves. Also, the 6% and 8% cconcentration
curves are much more separated than the 2% and 4% concen-
trations,

with anti-E (Graphs IIla, Via and IXa), adenylic
acid at all four concentrations exhibits the greatest in-
hibitory effects of the three inhibitors. In a comparison

between uridylic and cytidyliec acid, the 6% and 4%
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COncentrations of cytidylic acid exhibit slightly stronger
innibitory powers than uridylic acid from a pH of 7.0 up
to 8.0. The 8% concentration of these two inhititors are
much more alike at higher pH's but cytidylic acid inkibits
more effectively in lower ranges. The 2% concentrations
are somewhat erratic iﬁ an attempt of comparisons, aithough
cytidylic acid is cbviously greater in inhibitory effects
at a pH of 8.0 than uridylic acid.

In Graphs Ib through IXb, the average per cent in-
hibition scores at different pH's were plotted against per v
cent concentration of inhibitor. 1t will be noted, in a
general consideration of all these graphs, that with adenylic

"acid vs. anti-D (Graph Ib) and anti-C (Graph IIb) andé withn
uridylic acid vs. anti-C (Graph Vb), the pH 8.0 and pH 7.4
curves are clearly separated from the others. With adenylic
acid vs. anti-E (Grarh ITIb), uridylic acid vs. anti-E
(Graph VIb) ard cytidylic acid vs. anti-E (Graph IXb), the
pH 7.2 curve as well as pH 7.4 and pE 8.0 curves are clearly
separated from the others, exhibiting more inhibtitory ef-
fect. In Graph IVb, with uridylic acid vs. anti-D, cytidylic
acid vs., anti-D (Graph VIIb) and cytidylic acid vs. anti-C
(Grarn VIIlb), the separation between the higher pH's is
not very clear. However, with these as well as all the
other graphs in this series, it can be observed that the
least effective inhibition occurs in pH's ranging from 6.6

through 7.2.
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In a comparison of the three inhibitors with anti-D
(Grapr Ib, IVb and VIIb), adenylic acid exhibits the great-
est per cent inhibition, at all pH's taken collectively,
than the other two inhibitors. With cytidylic acid, there
appears to be a wider range of fluctuation from the least
inhibitory effect inveclving the pH 6.8 curve to the great-
est effect consisting of the pH 5.6 and 7.2 curves. With
uridylic acid, the range of fluctuation is smaller as well
as a difference in the reflection of pH's exhibiting the
least and greatest inhibitory effect, the least being the
pH 6.6 curve and the greatest, the pHd 8.0 curve.

With anti-C serum, adenylic acid at pH 8.0 has a
curve that is widely separated with much greater inhibitory
powers than at any otker pH. Again, adenylic acid appears
to be more effective at all pH's than uridylic or cytidylic
acid. Uridylic acid has a wider range of inhibitory effects
than cytidylic acid with a pH 8.0 ard 7.4 being most effec-
tive and 6.6 being least effective. Cytidylic acid appears
to be least effective at pH's of 7.2 and 6.6, whereas all
other pH's appear to be about equal in effectiveness except
at 8% concentration, where pH of 6.8 becomes most effective.

Adenylic acid is most effective with anti-E at a
pH of 8.0. However, cytidylic acid at a pH of 8.0 becomes
next most effective in inhibitory powers. The third most
effective of the three irhibtitors is adenylic acid at pH

of 7.4 and 7.2, respectively. From that point on, cytidvlic
p . O -~
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and uridylic acids have almost the same range of effect.
The least effective occurs at pH 6.6 with cytidylic acid
and pH 7.0 with uridylic acid.

From observations of a comparison of the general
trends of these graphs concerning pH and its inhibitory
effects, it appears, then, that adenylic, uridylic and
cytidylic acids are all most effective with anti-D and
anti-E sera, being less effective with anti-C. One gen-
eral trend is that all the inhibitors appear to be most
effective with higher alkaline pH's but that there is much
fluctuation within that range. That is, which pH is most
effective depends upon the inhibitor and antiserum involved.

The following is the most effective individual
average "per cent inhibition" of each inhibitor for each

antiserum as evaluated from data recorded in the tables:

concen- average %

Inhibitor pH tration inhibition
AMP 7.4 8% 89
Anti-D sera UMP 8.0 8% 76
CMP 6.6, 7.2 8% 74
AMP 8.0 8% 74
Anti-C sera UMP Tl 8% 53
CMP 7.4 8% 52
AMP 8.0 8% 95
Anti-E sera CMP 8.0 8% 88
UMP 8.0 8% 86

As can be observed from above, without exception, the most
effective individual inhibition takes place at 8% concen-

tration. Concerning pH, the results are somewhat more






variable. However, with one exception, the most effective

individual inkibition takes place with the irhibitor on
the alkaline side. Also, adenylic acid has the most in-
dividual effectiveness with all antisera, bveing most ef-
fective with anti-E. The difference in individual effect
between uridylic and cytidylic acids is very slight, with

all three antisera. ‘3

IV. Discussion

Kabat (%6) and Morgan et al. (2, 3, 4, 39, 40),
throcugh the use of the hemagglutination inhibition test,
demonstrated the fact that isolated blood group substances
caused inhibition of their specific antibodies. This was
found to be true, riot only of blocd group substances but
also of other substances. Thus, any substance which would
inhibit a specific antibody could be interpreted as being
similar to the antigen in question.

Hackel and co-workers (46, 48) demonstrated spe-
cific inhibition of anti-kh and anti-Lutheran sera with
chemical substances cther than blood group substances.

Of 60 reagents used in 2% concentrations, adjusted to pH

©.8, they found ribonucleic acid derivatives effective in
this respect. These included three nucleotides, namely,

2'-=3' mixtures of adenylic, cytidylic and uridylic acids

and one nucleoside, cytidine sulfate.

The present study is an extension of Hackel's
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original studies on the previously mentioned three nucleo-
tides. In this study, 4%, 6% and 8% concentrations of each
inhibitor were used as well as the 2% concentration and
for each concentration, the pH used rarged from 6.6 to 8.0.
The results demonstrated differences between samples
of the same kind of antisera. One explanation for this
might be differences in strength of sera used. However,
as explained previously, the derived "per cent inhibition"
score should compensate for this. Another explaration might
be the difference in the genotype of the cells used, i.e.,
whether cells from a heterozygous or homozygous individual
were employed, although it has not been prcven with Rh fac-

tor whether the genotype of the erythrocytes causes a dif-

ference (dosage effect) or not. It is known that thes strengtn

of agglutination of erythrocytes becomes weaker with age.
Thus, this could have con*ributed to differences of reac-
tion of individual sera, in part. Also, it cannot be ig-
rored that human error could play a part in performing such
a sensitive test as the hemagglutination innitition test.
The fact that new serum dilutions were made up each time
the tests were performed would allow for slight variatiorns
in the titrated serum used; and since very small quantities
(0.01 cc.) of material were used in the actual test, an
error in pipetting would be exaggerated more than if greater
quantities of substance were involved. Or it could be that

these differences actually exist between different serum
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samples. However, this problem could te solved only by
further experimentation.

It was hoped that by taking an average "per cent
innibition" score of three sample sera in each situation
the individual differences would te minimized to a degree.
Because of the aforementioned, then, the emphasis in dis-
cussing the results was placed orn the plo*tted trend curves
of the average "% irhitition" scores. This emphasis was
not so much in a cconsideration of the fluc*tuation within
each curve but of a comparison of the spatial relationship
differences existing between each curve within a graph,
e.g., as 1is indicated by a comparison between the separa-
tions of 2%, 4%, 6% and 8% concentration curves.

Generally speaking, then, there was a marked increase
of innibition with all three inhibitors used with anti-C,
anti-D and anti-E serum when the ccncentration of the in-
hititor was increased and in the alkalire range.

It skould be emphasized, once again, that each in-
nibitor in this study consisted of 2'-3' mixtures. Since
this research was completed, there has keen an investiga-
tion by Hackel (45) of 2' and 3' as well as 5' isomers of
these mixtures. (The 5' isomer means that the phosphate
group is attached to the 5' carbon of d-ribose within the
molecule of the ribonucleic acid derivative.) He found
that for anti-D and anti-E, the 3' uridylic and cytidylic

acids had approximately twice the innibitory effect as did
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the 2'-3' mixture. With anti-C, the 3' isomers of each
inhibited no more or no less than the 2'-3' mixtures. The
5' isomers of these two inhibitcrs had no inhibition effect
on any of the antibodies with which they were tested. For
adenylic acid, on the otner hand, the 2' isomer was the
mos* effective with anti-D and anti-E, even though the
others had some inhibitory effect. For anti-C, the 5' was
as much involved in inhibitory effect as the 2' isomer,
the 2'-3' mixture not being as effective. These studies
were carried out at the 2% concentration level and a pH 6.8.
It can be seen on the basis of Hackel's work that

it is possible, if certain isomers of these inhibitors had

£

been used in the present study, the inhitition effect, in
some cases, may have been increased. This, of course, could
be explained by the fact that one would be coming closer,
chemically, to mimicry of the specific antigen involved.

The fact tnat the greater the concentration of the

inhibitor the greater the inkhibitory effect could be ex-

plained simply in that an increase in the amount of inhib-

itor combines with just that much more antibody in the

FS

antisera. Thus, it leaves less antibody present in the

serum to combine with the antigens on the red blood cells,

wnich, in turn, causes a reduction in the hemagglutinatlon

; - ; 5 ipiti £ f in-
reaction. Also, the increased inhibition effect of 1n

creased concentration is to be expected if a monomolecular

reaction is taking place. In other words, cne molecule






of inhibitor substance is combining with one molecule of
antibody, thus interfering with the antibody molecule's
effective combination with the specific antigen. It might
be suspected that increase in concentration was causing
a non-specific reaction. However, Hackel (personal com-
munication) pcinted out that 8% to 12% concentrations of
other substances reported on earlier had no inhibitory h}
effect. Also, preliminary work done by this author with
8% concentrations of these inhibitors at pH 6.8 had no in-
hibitory effect upon anti-A and anti-BE serum. i_
It is not quite so easy to explain the fact that
inhibition, in general, is increased with the increase in
alkalinity of the inhibitors but that there are exceptions
in that it is not always most effective at a pH of 8.0;
and that in the case of CMP with anti-D, it is as effective
at a pH of 6.6 as well as at an alkaline pH. It could be
postulated that obviously hydroxyl ions are more important
than hydrogen ions (with the one exception) in effecting
a chemical bond between the antibody and inhibitor involved.
It can be ruled out that pH alone is responsible for this
inhibition effect since the phosphate buffers used at the
different rH's had no inhibitory effect.
It_is possible that the hydroxyl ions could remove
a hydrogen of the NH2 group on the inhibitor molecule.
This molecule could then effect a hydrogen bond witn an

appropriate site of the antibody; or the hydroxyl ion coulid







44

Temove a hydrogen from the antitody (such as from an amino

group), making it possible for a hydrogen bond between this

site on the antibody and a C =0 group of the pyrimidine

part of the inhibitor molecule. A nitrogen-nitrogen bond

could be effected through removal of hydrogen atoms from

nitrogen atoms of both the inhibitcor molecuie and antibody; )
or through removal of a hydrogen from a phosphate group, ‘.1
an oxygen could combtine the antibody molecule with the in-

hititor. As can be seen, the speculatiors are numerous

(@]

cncerning the kinds of bonds possible. ’
However, arncother important feature in this connec-

tion is spatial relationship. In other words, the speci-

ficity of an antitody for an antigen may depend not only

upon the determinant groups within each molecule but also

upon the spatial arrangement of these groups. The weaker

inhibition of one inhibitor as compared to another, then,

could be due to the failure of oppositely charged groups

to correspond perrfectly in position.,.

It is evident, then, this 1nvestigation has demon-
strated that increase in concentration and an increase of
hydroxyl ions (alkaline pH) of all three irhibitors have
caused them to be more effective with anti-Rh sera. 1In
a comparison of the general trend curves, it was found that
adenylic acid was most effective in inhirition withk anti-D,
anti-C and anti-E sera at all conceantrations and most pH's

than cytidylic or uridylic acid. All three inhibitors were




l.
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less effective with anti-C than with anti-D and anti-E
serum. All three inhibitors were more effective, particu-
larly at higher pH's, witn anti-E than with anti-D.

in terms of the irhibition reaction tneory, then,
adenylic acid comes closest to mimicry of anti-D, anti-C
and anti-E. All of the inhibitors come closest to imitat-
ing anti-E, with arti-D being a close secord. Uridylic
and cytidylic acids were about equal in their inhibition
effects, with all three antisera even though they both nave
their owr fluctuations depending upon the pH involved.

1t is apparent that this study is but one smalli
step in the process of elucidating the role of the ribec-
nucleic acid derivatives in the inhibition of anti-kKh sera.
Even though this investiga*tion has proved the 1increased
inhibition effectiveness of these inhibitors, it would be
interesting to know what effects concentration and pH have
on isomers of these inhititors as compared to 2'-3' mix-
tures. 1t is known that these inhibitors are specific for
anti-Eh sera and Lutheran sera at 2% concentration and pH
6.8, However, certainly further investigation of these
innibitors at other concentratione and ph's would have to
be more tnoroughly checked out tran was dore in this in-

; . . + 3
vestigation. For example, these irhibitors at various

concentrations and pH's other thar 2% and pH 6.8 could

: : - + enfirm theilr
be tested with other kirnds of antisera tn conti

Ce P T ‘ n11d appear
specificity or non-specificity. Thus, 17 would apr






that further study of these ribonucleic acid derivatives
might be quite useful in further elucidating their exact

roles in causing inhibition of anti-BRh sera.
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AMP VERSUS ANTI-D;

°/o | NHIBITION

CONCEN-| SERUM H pH pH pH pH eH
TRATION |SAMPLES g.s 6 8| 70 72 74 | 8.0
I 9.0 | 23,0 30.0 | 14.0 | 27.0 | 64.0
1T 36,0 | 17.0| 50.0 | 9.0 | 57.0 | 63.0
2 °/o . -
oI 28,0 | 24,0 7.0 33.0 | 47.0] 68.0
AVERAGE | 24,0 | 21.0] 29.0 | 29.0 | 44.0 | 65.0
I 45.0 | 50.0| 67.0 | 32.0 | 41.0 | 64.0
I 50.0 | 33.0| 36.0 | 57.0 | 63.0|63.0

4 °/e
uss 28,0 | 71.0] 36.0 | 5€.0 | 56.0 | 76.0 |
AVERACE | 41,0 | 51.0| 46.0 | 49.0 | 53.0 68.0_1
I 55.0 | 50.0| 67.0 | 46.0 | 58.0 | 78.0
o 68.0 | 61.0| 54.0 | 67.0 | €9.0 | 73.0

6 °/o
oI 72,0 | 85.0| 64.0 | 44.0 | 85.0]95.0
AVERAGE | 65.0 | 65.0| 62.0 [ 52.0 | 77.0 | 82.0
I 65.0 | 64.0| 82,0 | 6€.0 | 73.0|86.0
I 77.0 | 72.0| €2.0 [96.0 [100.0 | 79.0

8°/o
I £6.0 | 88.0| 62.0 | 6.0 | 94.0 L00.0
AVERAGE | 76.0 | 75.0| €2.0 | 73.0 | £€9.0 88.0

SERUM + PHOSPHAT

E BUFFER* 0%/ INHIBITION AT ABOVE pH's
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AMP VERSUS ANTI-C; °/o INHIBITION

TABLE II
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CONCEN- SERUM H P"I pH PH pH pH
TRAT!ON |SAMPLES f.s 6 8 70 72 74 | 8.0
I 0.0 0.0} 16.0| 17.0 | 18.0] 57.0
T g.0 0.0 0.0112.0 0.0 32.0
2 °/o :
T 18.0 | 256.0| 26.0|21.0 0.0 67.0
AVERAGE| 9.0 9.0 14,01{17.0 6.0 52.0
I 21.0 | %2.0| 26.021.0 | %2.0| 53.0
T 15.0 6.0 20.0|127.0 | 32.0 | 36.0 .
4 °/e
IOT 23.0 | 26.0} 26,0 |21.0 | 33.0| 63.0
AVERAGE | 20,0 | 21.0| 24.0 |23.0 | 32.0 51.0@
I 21.0 | 36.0| 35.0 | 35.0 | 36.0 | 53.0 ,
T 25.0 | 26.0| 35.0 |55.0 | 0.0 | 68.0
6 °/o
T 36,0 | 37.0| 26.0 |10.0 | 39.0 |89.0
AVERAGE |27.0 | 33.0| 32.0 |33.0 | 42.0 |70.0
I 42,0 | 59.0 | 65.0 |52.0 | 50.0 |66.0
"'“f‘"
11 41,0 | 45.0 | 8.0 |%€.0 | 58.0 |6€E.0
8°o
I 50,0 | 37.0 | 45.0 [21.0 |59.0 [&9.0
AVERAGE | 44,0 | 47.0 | 96.0 |44.0 |959.0 |74.0

SERUM + PHOSPHATE BUFFER = O%o0 INHIBITION AT ABOVE PH'S

-

s m—rmard
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AMP VERSUS ANTI-E

°/o INHIBITION

CONCEN- | SERUM H pH pH pH pH pH
TRATION [SAMPLES 56 68| 70| 72 74 | 8.0
I 15.0 | 29.0 | 35.0] 19.0 | 35.0 | 92.0
T 13.0 | 30.0 | 20,0| 41.0 | 32,0 | 73.0
2 °/o
uss 26,01 17.0 | 32,01 47.0'1 71,0 | 62.0
AVERAGE| 18,0 | 25.0 | 29.0| 36.0 | 45.0 | 756.0
I 50.0 | 32.0 | 52.0| 32,0 |52.0 | €5.0
I 41,0 | 42,0 | 38.0| 56.0 |50.0 | €5.0
4 °/o
puss 50.0 | 50.0 | 56.0| 71.0 {79.0 | 62.0
AVERAGE | 47,0 | 41.0 | 49.0| 53.0 {50.0 | 77.0
I 58.0 | 50.0 | 69.0| 50.0 | 69.0 | 92.0
I 44,0 | 58,0 | 50.0| 84.0 L00.0 | 96.0
6 °/o
T 61.0 [ 90.0 | 56.0| 77.0 |85.0 | 83.0
AVERAGE | 54,0 | 66,0 | 58.0| 70.0 |85.0 | 90.0
I 5€.0 | 68.0 | 83.0| 82.0 |83.0 | 92.0
o 59.0 | 73.0 | 85.0/100.0 100.0 |100.0
8°/o
pass 61,0 | 90.0 | 63.0| 85.0 |88.0 | 92,0
AVERAGE| 59,0 77.0 | 77.0[ €9.0 [90.0 | 95.0

ERUM+ PHOSPHATE BUFFER = 0°0o INHIBITION AT ABOVE pH's







UMP VERSUS ANTI - D; °/INHIBITION

TABLE IV

CONCEN-| SERUM H pH pH pH pH pH
TRATION |SAMPLES f.e 6 8| 7.0 72 74 | 8.0
I 18.0 (18.0 | 18.0 (21,0 | 21.0] 29.0
IC 15.0 {18.0 | 15.0)21.0 | 17.0| 52.0
2 °/o
o1 22,0 {32.0 | 22.0{18.0 | 28.0 | 28.0
AVERAGE|18.0 |23.,0 | 18.0 |20.0 | 22.0| 36.0
I 18,0 32,0 | 36.0 | 35.0 | 42.0 | 32.0
I 24,0 |36.0 | 39.0 |21.0 | 28.0 | 48,0 |
4 °/e
I 36.0 |45.0 | 50.0 |3%6.0 | 36.0 | 28.0
AVERAGE | 26,0 (38,0 | 42.0 |31.0 { 35.0 |36.0 !
H
I 32,0 |50.0 |50.0 |38.0 | 42.0 |32.0 i
1T 39.0 [41.0 |55.0 {42.0 | 39.0 [58.0
6 °/o
T 50.0 [61.0 |50.0 |59.0 |72.0 |72.0
¢ AVERAGE |40.0 [51.0 [52.,0 |46.0 |51.0 |54.0
I 50.0 B9.0 |50.0 |52,0 |63.0 |68.0
I 48,0 |66.0 |63.0 |42.0 |57.0 |75.0
8°/o
oI 60.0 |74.0 |72.0 |77.0 | 86.0 |86.0
AVERAGE (53,0 [66.0 |62.0 |57.0 |69.0 |76.0

SERUM+ PHOSPHATE BUFFER = 0°/o INHIBITION AT ABOVE pH's
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UMP VERSUS ANTI-C; °/o INHIBITION

CONCEN- SERUM H PH pH PH pH pH
TRATION |SAMPLES :.6 6 8 7.0 72 74 | 8.0
T 0.0/ 21.0| 9.0 | 17.0{ 32,0 | 25,0
1T 0.0 0.0| 0.0 0.0| 10.0 | 46,0

2 °/o
T 0.0/ o0.0| 0.0f 21.0} 21.0 | 33.0
AVERAGE 0.0 7.0 3.0 13,01 21.0 | 35.0
I 0.0}l 21.0| 9.0 17.0| 23,0 | 28,0
IT 0.0 30| 9.0} 17.0| 26.0 | 41.0 .

4 °/o
I 0.0}17.0] 0.0 | 21.0|25.0 | 39.0
AVERAGE 0.0 14.0| 6.0 | 18.0|25.0 | 36.0
I 14.0] 42.0]28.0 | 35.0| 41.0 |28.0 |
T 15.0} 17.0118.0 | 35.0|29.0 |41.0

6 °/o
IoT 0.0| 28.0|14.0 | 21.0 | 42.0 | 39.0
AVERAGE| 10.0| 29.0 | 20.0 | 30.0 | 37.0 |36.0
I 14.0| 60.0 | 28.0 | 52.0 | 50.Q |57.0
I 27.0| 35.0 | 32.0 | 39.0 | 45.0 |54.0

8°/o
unt 0.0 28.0 | 32.0 | 21.0 | 63.0 |44.0
AVERAGE| 14.,0] 41.0 | 31.0 | 37.0 {53.0 |52.0

SERUM + PHOSPHATE BUFFER * O°6

INHIBITION AT ABOVE pH's

SR——

\







TABLE VI

UMP VERSUS ANTI-E; ©°/o INHIBITION

CONCEN- SERUM H PH pH PH pH PH
TRATION |SAMPLES f.e 68| 70| 72 74 | 8.0
I 12.0 { 21.0| 3.0 13.0 | 21.0| 23.0 ; 3
T 0.0 | 14.0| 15.0]17.0 | 30.01| 64.0 |
2 °/o
T 14,0 | s0.0| 40.0| 44.0 | 33.0| 33.0
AVERAGE| 9,0 28.0| 19.0] 25.0 28.0| 40.0
I 42,0 | 26.0| 21.0| 28.0 | 41.0] 32.0
1 23.0 | 18.0] 15.0|21.0 | 36.0| 50.0 "
4 °/e :
huss 52.0 iso.o 50,0 72,0 | 47.0| 67.0
AVERAGE | 39,0 | 31.0| 29.0| 40.0 | 41.0 5o.oj
I 42,0 | 38.0| 40.0|48.0 | 54.0| 55.0 |
I 36.0 | 18.0| 15.0 | 43.0 | 55.0| 79.0
6 °/o
puse 52,0 | 75.0| 65.0| 78.0 | 67.0| 87.0
AVERAGE | 43.0 | 44.0| 40.0|56.0 | 59.0| 74.0
I 58.0 | 52.0| 52.0|56.0 | 71.0| 73.0
I 45.0 | 32.0| 33.0|60.0 | 68.0| 84.0
8°/o
oI 76.0 | 90.0| €0.0 | &9.0 | €7.0 [L0O.0O
AVERAGE | 60.0 | 58.0| 55.0 | 68.0 | 75.0 | €6.0
SERUM+ PHOSPHATE BUFFER 2 0 °/o INHIBITION AT ABOVE pH's
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TABLE VII

CMP VERSUS ANTI-D; %o INHIBITION

CONCEN- | SERUM H pH pH pH pH | pH
TRATION [SAMPLES f.e 68| 70| 72| 74 | 8.0
I 0.0 | 24.0 30.,0| 18.0 9.0| 35.0
T 14,0 | 21.0 14,0| 14.0 4,0| 64,0

2 °/o
m 63,0 | 0,0 | 22,0} 3.0 | 10,0} 12,0
AVERAGE | 26,0 | 15.0 22,0| 21.0 8.0| 37.0
I 17.0 | 32,0 | 50.0| 48.0 | 35.0| 43.0
I 36,0 | 21.0 32,0 36.0 21.0| 41.0

4 °/o
oI 80.0 | 22.0 | 50.0| 50.0 | 35.0| 32.0
AVERAGE | 44,0 [25.0 | 44.0| 45.0 | 30.0| 39.0
1 50.0 | 31.0 | 36.0| 50.0 | s8.0| 64.0
o 39.0 [ 39.0 | 50.0| 66.0 | 48.0| 48.0

6 °/o
ox 90.0 | 44.0 | 50.0| 71.0 | 65.0| 32.0
AVERAGE | 60,0 | 38.0 45.0| 62.0 57.0| 48.0
I 57.0 | 56.0 | 50.0| 77.0 | 52.0| 57.0
I 58.0 | 52.0 50.0| 64.0 69.0| 73.0

8°/o
m 96.0 | 58,0 | 64.0| 81.0 | 90.0| 51.0
AVERAGE | 74,0 | 55.0 55.0| T4.0 T70.0| 60.0
SERUM + PHOSPHATE BUFFER =0°/0 INHIBITION AT ABOVE pH's
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TABLE VIII

CMP VERSUS ANTI| - Cj °/o INHIBITION

CONCEN- | SERUM H pH pH pH pH pH
TRATION [SAMPLES é°.6 68| 70| 72| 74 | 8.0
I 0.6 13.0| 9.0 0.0| 15.0 | 26.0
I 0.0| 14,0 15.0 0.0| 8.0 38.0

2 °/o
puts 5.0| 11.0 | 17.0 0.0| 0.0 |22.0
AVERAGE| 2,0/ 13.0 | 14.0 0.0| 8.0 29.0
I 6.0| 18.0| 9.0 0.0| 30.0 | 26.0
IT 19.0| 30.0 | 48.0 | 21.0| 16.0 |25.0

4 °/e
T 16.0| 22.0 | 22.0 5.0 | 10,0 | 22,0
AVERAGE | 10,0 23.0 | 26.0 9.0 | 19.0 |24.0
I 15.0| 26.0 | 19.0 | 26.0 | 4€.0 | 31.0
had 18.0| 35.0 | 48.0 | 21.0 | 25.0 |42.0

6 °/o
juss 35.0 | 40.0 | 39.0 | 16.0 | 26.0 | 36.0
AVERAGE | 23,0 | 34,0 | 35.0 | 21.0 | 33.0 |36.0
I 33.0 | 34.0 [ 28.0 | 53.0 | 57.0 |41.0
I 36.0 | 45.0 | 63.0 | 63.0 | 54.0 |42.0

8°/o
m 47,0 | 50.0 | 39.0 | 35.0 |45.0 |50.0
AVERAGE | 39,0 | 43.0 |43.0 | 50.0 |52.0 |44.0

SERUM + PHOSPHATE BUFFER =0°/o INHIBITION AT ABOVE pH's
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CMP VERSUS ANTI - E; °/cINHIBITION

CONCEN- | SERUM H pH oH pH pH | pH
TRATION |SAMPLES fe 68| 70| 72| 74 |80
I 0.0 0.0]|22.0 0.0 15.0 | 55.0
o 19.0( 21.0 | 32.0 | 17.0| 17.0 | 82.0

2°/o
m 24,0| 22,0 | 31,0 | 31.0| 31.0 | 62.0
AVERAGE| 14,0 14,0 | 28.0 | 16.0| 21.0 | 66.0
I 18.0| 22.0 | 42,0 | 36.0| 45.0 | 55.0
mag 28.0| 35.0 | 32,0 | 33.0| 38.0 | 82,0 |

4 °/o
puss 32.0| 57.0 | 62,0 | 62.0 | 62.0 |83.0
AVERAGE | 26.0 | 38.0 [ 45.0 | 44.0 | 48.0 [73.0
I 32,0 | 31.0 | 42.0 | 64.0 | 46.0 |78.0
0% 28,0 | 35.0 | 68.0 | 39.0 | 69.0 |95.0

6 °/o
hasd 47,0 | 57.0 | 62,0 | 83.0 |92.0 |83.0
AVERAGE | 36,0 | 41.0 [57.0 | 62.0 |69.0 |85.0
b4 50.0 [ 50.0 |42.0 | 82.0 [46.0 [78.0
o 47,0 | 52.0 |77.0 | 67.0 |[91.0 |95.0

8°/o
o 71.0 | 78.0 |83.0 | 83.0 [92.0 |92.0
AVERAGE | 56.0 | 60.0 |67.0 | 77.0 |76.0 |88.0

SERUM + PHOSPHATE BUFFER=0 /o INHIBITION AT ABOVE pH's
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GRAPH IIa
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CHAPTER IV

SUMMARY

The present study is an extension of Hackel and
co-workers' (46, 48) investigations of three ribtonucleic
acids, namely, adenylic, cytidylic and uridylic acids, all
2'-3" mixtures. The original work irvolved the inhibitory
effects of these substances on various antisera at a 2%
concentration and a pH 6.8. This investigation included
adenylic, cytidylic and uridylic acids at concentrations
of 2%, 4%, 6% and 8% at *the following pH's: 6.9, 6.8, 7.0,
7.2, 7.4 and 8.0. The Kh antisera involved were anti-L,
anti-C and anti-X. The inhibitory effects were tested by
use of the hemagglutination inhitition.

Increased inhibition of all three ribonucleic acid
derivatives with anti-kh sera was demonstrated with in-
crease in concentration. It was postulated that the more
inhibitor molecules in soluticn, the more antibtody-inhib-
itor combinations would occur. This would leave less
antibody to combine with the specific antigen on the eryth-
rocytes. Also, the results indicated that a morcmolecular
reaction was taking place between antibody and irhibitor
molecule because of the steady rise in inhibition as ttre

concentration of the inhibitor substance was increased

74
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from 2% up to 8%.

This investigation further demonstrated that al-
kaline pH's of all three inhibitors resulted in an increase
of their inhibitory effectiveness. It was speculated that
a certain amount of hydroxyl ions must be of more importance
than hydrogen ions in effecting this inhibition reaction.
It was further postulated that the ability of the hydroxyl
ion to remove hydrogen atoms from the innibitor molecule
or antibody molecule could effect a chemical combination.
Suggested bonds were hydrogen bonds through amino and/or
carboxyl groups, nitrogen-nitrogen bcnds, and oxygen bonds
through phosphate groups.

Also, the specificity of an antibody for an antigen
may depend not only uporn the determinant groups within each
molecule but also upor the spatial arrangement of these
groups. Thus, the fact that one inhibitor was more ef-
fective than another could be explained further by the
spatial arrangements of the determinant groups within the
molecules., For example, the weaker inhibition of one in-
hibitor compared to another coulid be due to the failure
of oppositely charged groups to correspond perfectly in
position because of differences in the spatial arrangements
of the determinant groups within each individual inhibitor
molecule.

Taking into consideration both increased concen-

tration and alkaline pH, adenylic acid was found to be the

f“‘v
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most effective inhibitor with anti-D, anti-C and anti-E

sera. Cytidylic and uridylic acid were almost equal in
inhibitory effects. All of the inhititors were most ef-
fective with anti-E and anti-D sera, respectively, and were
least effective with anti-C,

Even though this investigation has demonstrated
further increase of antigen mimicry of these ribonucleic
aclid derivatives in terms of the innibition theory, there
is much to be learned. For example, to be assured of the
specificity of these reactions, further investigation is
needed with these inhibitors at various concentrations and
pH's other than anti-kh sera. It wculd be interesting to
know the effects of concentration and pH's on iscmers of
the 2'-3' mixtures used in this study. Alsc, further in-
vestigation of the individual differences between samples
oif the same kind of serum is needed--is it a true effect
or not? Thus, 1t woculd appear that further experimentation
would be quite helpful in further elucidating the exact
role that ribtonucleic acid derivatives play in inhibition

of anti-Rh sera.
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