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Abstract of Results:

a. Since start of project:

Most of the work conducted so far on the naturé of cytotoxic re-
acticns mediated by antibody and complement has been concsmed with the
immunie lysls of sheap erythrocytes, since this reaction servés asg a con-
venient model from the standpoint of avallability of reagents as well
as the feasibility of precise measurement. However, in accord with the
broad objectives of our program some studies have been conducted with

Troponems pallidum as well as with typhoid bacilli.

Summsry of Resulits on Hemolysiq by Antibody and Complement:

1) Frem kinetic observations 1t has been deduced that hemolytic
antibody acts like an enzyme 1n the sense that 1t exhibits turnover,
This has been confirmed by direct demonstration of the reversibllity of
the red cell-antibody combination and the resultant transfer of anti-
body from cell to cell during the hemolytic process.

2) A kinetic method for the titration of the hemolytic activity of
antitody has been developed.

3) A precise quantitative hemolysis-inhibition prccedure has been
devised.

L4} In pursuit of the hypothesis that the erythrocyte antigen which
combinss with hemolytic antibody may represent the substrate on which
antibody and complement act, we have isolated an alcohol-scluvle, heat-
stable hapten from the sheep erythrocyte membrane (des‘gnated F-substanae)
and have succeeded in obtaining this material in partially purified

form. F-substance has the chemical properties of a2 lipo-polysaccheride
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With the aid of this hapten it has been possible to make preclise quan-
titative measurements of the amount of antibody, in weight units, which
is required to mediate the action of complement on the red cell surface.

5) By ultracentrifugal measuremenis it has been determined that
the hemolytic antibody reactive with this hapten possesses a molecular
weight of approximately 1 million, and from this, as well as frcm the
antibody weight determinations, it could be calculated that for optimal
reactivity with complement about 100Q molecules of antibody per erythro-
cyte are required. However, as few as 6 molecules of hemoclytic anti-
b~dy are sufficient for mediating the lysis of a single red cell in con-
Junction with complement.

6) This observation is in conflict with the Alberty-Baldwin theory
of immune hemolysis according to which at least 10 molecules of anti.
body are required for the lysis of a single red cell. Wes have been
able to develop two other, independent lines of evidence which alsc in-
dicate that the Alberty-Baldwin theory 1s erroneous: First, it has
been observed that iIn a system containing constant complement end vary-
ing numbers of erythrocytes, the number of vrsd cells hemolyzed ieg con-
stant (1.e. independent of the total numver of cells in the system),
provided the degree of lysis is below 50 per cent. This suggests that
hemolysis by antibody and complement is a single-hlt reactlion. The
second line of evidence has emerged from kinetic studies of the nature
of the lag or induction period. In line with ths Albsrty-Baldwin
theory, which postulates that immune hzmolysis is a multiplie-hit phen-

omenon, the lag period was explained in terms of the time required for
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the accumulation of at least 10 damaged sites per red cell. On the
other hand, if only a single damaged site is required, an alternative
explanation for the lag period must be found. Recent studies have
shown that the action of complement takes place in at least 3 success~
ive steps, and that the lag or induction perilod can be accounted for
in this manncr.

7) It has been shown that catt is specifically required for the
fixation of complement by antigen-antibody complexes, or more specif-
ically, for the fixation of certain components of complement which we
have tentatively designated C'y. This reaction is followed by a proc-
ess involving Mg*t and other components of complement, tentatively
designated C'ye A third reaction step has been identified which in-
volves the transformeation of the cell, previously damaged by the Ca*t
eand the Mg++ stepa, into a ghost with release of hemoglobin, This
terminal reaction requires no reactant from the fluld phase, and 1is
considered to be an intrinsic transformation process. It takes place
in approximately two minutes per cell. The temperature coefficient of
this reaction is about 1.5 ver 10° rise.

8) Methods have been developed for mesasuring the rates of the Mgt
and the terminal transformetion reaction steps.

9) Procedurss have been developed for the separation of C'xy from
C‘y, and this opens the way for studying the ca** and Mg** reaction
steps as sepamte processes.

16) In an attempt to learn whether complement in conjunction with

antibody exerts any effect on soluble protein antigens a study was made
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of the inhibition of the enzynie urease by rabbit antibody. It was
found that the degree of inhibition 1s a function of the molecular
ratlo of antibody to enzyme, No effect of complement could bs demon-
strated.,

11) Xt has been found that certain high molecular welght polymers
like carbowax 000 or carbowax 6000, or polyvinyl pyrrolidone, or
dextran, can be substituted for hemolytic entibody in the sense that
they will medliate the lysis of exrythrocytes by complement. The prop-
erties of thls reaction heve been studled and one of the most interest-
ing findings i1s the observation that it requires approximately 5 times
the concentration of Ca*t than the hemolytic reaction mediated by
specific rebblt antibody,

12) A study has been made of the complement-fixing ability of
sﬁacific antisera in relation to their content of antibody as measured
in weight units, It has been found that the specific complement-
fixing ebility, 1.e. amount of complement fixed per milligram of anti-
body, may very by a factor of 4 depending on the extent of immunigatim
of the animal, This is of considerable interest in connection with
studies of the properties of antibody, and it has isd us to experiments
aimed at the characterization of antibody-antigen combination in
thermodynamnic terms.

13) Progress has been made in elucidating the kinetics of antibedy-
complement action by demonstrating that in a system contalning excess
entibody and 1limited complement the rate of reaction is controlled by

the Mg** step, whille in a systom containing excess complerent and
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limited antibody the pace-making reaction is the ca™t atep, i.e. fix-

ation of C’x.

1) A quantitative specific test for horse meat in cooked meat

sroducts has been developed,

b. Abstract of resuits during current report period:

The following three reaction steps in the action of complement on

the exythrocyie-antibedy complex (EA) have been demonstrated:
Ca++
L17 BA+Cry -> BAC!y (Ca** or C'y step)

Mg‘f“!'
L 27 EAC'y + C'y ——--> EAC'C'y  (Mg** or C'y step)

[73;7 EAC'xC'ym~—~~{>ghosts + hemoglobin (terminal, intrinsic
transformation)

Cty and C'y represent certain components of complement.

i Methods have been devised for determining the rates of reactions
.27 and /3_7 by the use of sampling techniques which block these re-
action steps. Reaction / 2_7 is blocked by dilution and chilling,
while reaction 173;7 is arrested by separaticn of the cells from the
fluid phase in the centrifuge. The details of these methods are de-
scribed in the fourth paper of the series on "Kinetic Studies on Immune
Hemolysis®,.

Reaction / 1_7 has a much lower temperature coefficient than re=-
action /2_7. Therefore, it 1s possible to go through reaction /1_/
at a low temperature (i.e, 0-10°C) without appreciable progress of re-
action 172_7. By the use of controlled temperature, as well as a re=-
action system containing Catt, but lacking Mg*t, it is possible to go
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through step / 1_/, while step / 2_7/ is blocked. This results in for-
wation of the complex EAC'y which can be 1solated by centrifugal sep-
2:ration of the cells and removal of the fluid phase., C'y is firmly
fixed to the complex EA and therefore the cells in the state EAC'y may
e washed for complete removal of C'y with the fluid phase., Similarly,
it has been found possible to remove C'y from whole complement by treat-
nent with specific precipitates in the presence of ca*t, but absence of
Mg*t, and in the cold, This yields a reagent containing C'y, but lack-
ing C'y. Upon admixture of C'y with EAC'y, reaction /[ 2_7/ ensues, pro-
vided Mg** s supplied.

Preliminary studies suggest that EAC'y prepared at a low tempera-
ture actually consists of a mixture of cells in the sense that some
cells are in the state EAC'l,n,2’ while other cells are in the state
EAC'l,u (the subacripts refer to the recognized components of comple-
ment). Similarly, C_'y prepared at a low temperature contains 0'2 and
C'ys On the other hand, if reaction /1.7 is carried out at 37°C with
a dilution of C' whizh gives no lysis with catt alone, but would cause
lysis if Mg++ were also present, the complex EAC',, which 1s formed,
appears to consist entirely of EAC'l,Z,u’ At present our efforts are
directed toward a definition of the conditions under wnich C'2 reacts
with the complex EAC!l,u’ with the objective of studying the subsequent
reaction of this compiex with 0'3 a3 a single reaction step. From the

data available at present it is the 0'3 reaction step which requires

Mgtt,
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A radioetracer method for the gquantitative determination of anti-

body on a microlevel:

The ob jectives and general mode of approsch of this method have
>een described in the previous report (July 1953). From ihe few, brief
sublications in this field it seemed that no serious difficulty would
be encountered in developing thils method. However, we have come up
egainst some rather formidable obstacles. Foremost, among these, it
aas been found that the specific radioactivity (counts per minute per
nilligram of antibody nitrogen) of the antibody in a washsd specific
nrecipltate 1s always significantly lower than the specific radiocactiv-
ity of gamma globulin prepared either by Cohn's msthod 10, by 33% am-
nonium sulfate precipitation (Jager et.al.), or by the fractionation
method of Sternberger, which involves the use of ammonium sulfate be-.
tween 30% and 35% saturation. Furthermore, the same difficulty has been
>ncountered with all fractions prepared by the following method: A
rlobulin precipitate made at L0% saturation with ammcnium sulfate was
successively extracted with ammonium sulfate solutions of 38%, 36%, 34%
jaturation, etc. down to 24%. The specific radioactivity of all of
these fractions was higher than that of the antil.ody precipitated from
them, just as for antibody precipitated from whole serum or from the
samma globulln preparaticns referred to previously. It is therefore
evident that all of these fractions, as well as whole serum contain
materlial which iodinates at a higher rate than the antibody.

Moreover, the specific radiocactivity cf the antibody varies with
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the nature of the material from which it is precipitated. Antibody pre-
clpitated from whole serum shows a much higher gpecific radioactivity
then antibody precipitated from the various globulin fractions which
1ave been examined., It 1is possible that antibody may be heterogeneous
rith respect to iodination rate, but, if this were the sole difficulty,
1t would be expected that ths spscific radicactivity of antibody pre-
cipitaeted from whole serum should have a value intermediate with re-
3pect to that of antibody precipitated from the wvarious globulin frac-
slons.

Anothier possible explanation of our results might be co=precipita-
tion and incorporation in the specific precipitate of non-antibody
material possessing a high iodination rate., Co-precipitation experi-
ments conducted so far, however, do not indicate that this is a major
souwrce of error. Therefore, the problem is not yet resolved,

The closest we have been able to come in regard to the objective
5>f obtaining a protein fraction from serum which exhibits a specific
radioactivity close to that of antibody precipitatei from whole serunm,
1s the use of a globulin fraction precipitated at 33% saturation with
apmonium sulfate. This material showed the same specific radicactivity
(within 1%) as that of the antibody precipitatsd from the whole serum.

F-hanten-rabbit antibody system:

In continuation of earlier work, precipitin analyses of the F-
hapten-rabbit antibody system have been performed at 0-2°C and st 37°C.
Somewhat higher results have been obtained in the cold, but at least

one week is required for complete pre:ipitation at 0-2°C., Under these
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conditions it has been found possible to obtaln very good agreement
between percsntage of antibody precipitated (as measured on a weight
basis) and percentage of hemolytic antibody neutralized (ss determined
by hemolysis inhibition assay). An experiment of this type with anti-
serum pool Q is tabulsted below:

Tube No. 1 2 3 Iy S 6
F-hapten N,
microgm./ml.serum 2.7 St 10.1 18.0 33.8 67.5
Ab.N,/ml.,
microgma. 35 67 120 190 238 238
% Ab. ppt'd. 15 28 51 80 100 100
% Hemolytic activity
nsutralized 15 27 L8 81 95 97

The agreement between neutralization of activity and precipitation
of antibody on a weight basis permits the conclusion that all the hemo-
lytic antibody in this type of antiserum {prepared by inoculation of
rabbits with bolled sheep erythrocyte stromata) is precipitable by the
F-hapten, and that the F-hapten is homogeneous, at least 1in respect to
immunological specificity; 1.e. the F-hapten-rabbit antibody system
used here behaves as a single antigen-antibody reaction. The possibili-
ty that the antiserum contains non-hemolytic aentibody which 1s non-
reactive with the F-hapten cannot be ruled out from these data, but
this point will be checked in the future by means of the radio-ilodinated
antibody technique described above.
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Plans for Future

Imediate:

With the recognition of the Ca*t and Mg++ rayaction steps in the
nction of complement on sensitized erythrocytes it becomes necessary
to study the role of the recognized four components of complement in
these two processes, As indicated above, experiments along these lines
have been initiated. It is alrsady quite clear that components 1 and/
or U are invoived in the Ca** step, while component 3 functions in the
Mg** step. However, the role of the 2nd component has not teen clari-
fied adequately as yet. We are attempting at the present time to learn
under what conditions the action of the 2nd component takes place, so
that experiments can be designed in which sensitized cells can be
tiaken through the reaction steps involving the 1lst, L4th and 2nd compon-
osnt of complement so as to enable us to study the subsequent reaction
s%ep involving ths 3rd component. This 1s considered a necessary pre-
liminary to any attempt at the isolation of the 3rd component and study
of its propertvies.

Conventional titrations cf the components of complement are
seriously lacking in specificity as well as precision, and we are at-
tempting to develop entirely new technigues to overcome these diffi-
cultiss, It seems to us that there 1s every reason to attack the prob-
lom backwards, l1.e, to focus attention on the 3rd component in the
immediate future and then proceed stepwise to the mode of action of
the 2nd component, Lth component and finally the lst component. The
eventual objective 1s, of course, the isclation of each of the com-

ponents, the study of its properties and the elucidation of 1ts mode
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of actlon. From the in:ormation avallable at present 1t 1s quite claar

that we are dealing with a serles of successive reaction processes,

and that therefore the problem has to bs attacked In a stepwise fashim.
Tne work on radio-iodinated antibody will be continued in an ef-

fort to refine the method to the point where it can be used for ths

neasurement of antibody welght combining with red cells, bacterila,

viruses, etc. Of immedlate concern to us, of courss, 1s the applica-

tion of this method to the red cell-hemolytic entibody system.

Hemolvtic entigen-antibody system:

One of our immediate objectives 1s to learn with respect to the
F-hapten-1rabblt-antlbody system whether or not the ratio of hemolytic
activity to antibody weight 1s constant. From prevlious work 1t 1s
slready known that antibody against the isophile antigen of the sheep
erythrocyte displays much lower hemolytic activity per milligram of
antibody N than antibody to the F-napten. The reason for thls vari-
ation requires exploration; speciflcally we desire to learn whether
this 1s a matter of variation iIn complement-fixing abillity, and, 1if
so, why. In additlon, the thermodynamics of this antigen-antibody
reaction require exploration.,

Zons Ranges

1) Continuation of efforts to elucldate the mechanlsm of antibody-
complement action on erythrocytes; 2) Extension of this work to bac-
terial cells; 3) Extension to marmalian cells other than erythrocytes.
In connection with studies in this laboratory on the production of

poliomyelitls virus in tissue culture, facllities have become avallable
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for the lerge-scale preparation in tissue culture of single cell sus-
pensions from kidney as well as other organs., We hope to use material
of this type for studying the cytotoxic action of antibody and comple-
ent; l}) Extension of the work in the direction of studying the mechan-
ism of anaphylactlc and allergic reactions. Specifically, this would
proceed along essentially two lines: a) study of the production of
anaphylatoxin in serum gs a result of antigen-antibody interaction; b)
atudies of the passi;e sensitization of cells followed by antibody-

complement action (i.c., reactions of the indirect hemolysis typs).
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