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INTRODUCTION 

The work descriDed in this thesis is part of a program of investigation 

of i mmunological reactions being carried out at the California Institute of 

Technology by Drs. Linus Pauling, David Pressman, Dan H. Campbell, and others. 

Part I consists largely of the results reported in Paper X of the series 

"The Serological Properties of Simple Substances", published in the Journal 

of the .A.meric211 Chemical Society. 

The phenomomen of hapten in..ri.ibition was discovered by Landsteiner, when, 

to explain the f a ct that no precipita tion occu:rred with an excess of te st 

azoprotein, he postulated that a reaction did occu:r between the a.~tibodies 

and the specific groups of the test antigen, but the products were soluble. 

A similar effect should be excpected if molecules of the simple hapten were 

present in the solut ion; i.e., the arnount of precipitate formed with optimum 

amounts of antiserum and antigen should be much less with hapten present 

t han with antiserum and antigen alone. This effect was observed by Landsteiner.
1 

It was also found. that simple compounds having a s tructu:re closely 

similar to t hat of the homologous hapten would inhibit the precipitation, 

though to a le s ser degree. T'nis fact has been utilized in this investig­

ation as described in Part I, using £h- and!-!- (a,-methylbenzyl)succinamic 

acid, a derivative of !I,-benzylsuccinamic acid which closely resembles the 

homologous hapten, succinanilic acid. The affect of various substituents in 

various positions on the molecule of the homologous hapten is described in 

Part II. 

----------------------------------------
(1) K. Landsteiner, Bio chem. Zeitshft., l!ll!:., 280 (1920). 
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:PART I 

DJHIBI'rION OF THE PRECIPII'IN REAC':'IOlif :BY 
OPTICALLY AC'l!IDVE RAPrENS 

It was shown by Landsteiner and van der Scheer
2

•3 that by innoculating 

animals with suitable antig ens antj~era en.a be produced ~hich can distinguis~ 

between optical isomers. Tn.eir first experiments were ca: -ried out with anti­

sera prepr-i.red with use of immunizing antigens :i1ade by coupl ing p1·oteins with 

diazot ized .Q;- ?,,lld. !-J2_-amiEobenzo 2-' chphenyle;n inoa.cetic acid; e?,c:1:1 of the two 

antisera precipita ted preferentially the test a.zoprotein cont~ining the 

c0r~espond.ing n.apten. Sirn i12,r re~ults wl:tre also attained wi th azoproteins 

containing 3,zo derivFttives of the stereoisomeric t artr ,,n ilic acids as haptenic 

groups. 

These experimental results show the significance of spatical configuratio 

in serological reactions. They do not, however, depend in any way on the 

fact that antibodies themselves :O.ave inherent op tical activity. Because of 

the optic"l.l a.c t ivity (l-configur ation) of the amino acid residues of proteins, 

the possiliThity exists t h c1.t an ant i scrum made 'by use of an antigen p repared 

from e.n optici=tlly inacti"3le haptenic substance may comoine preferentially with 

one of a pair of optically isomeric suost!'mces. Such an antis erum (anti-S 

serum) was prepared by injecting rabbits with an azoprotein made from the 

inactive substanee succin~niJic acid, It was found 'by hap ten-inhibit ion 

experiments that the ant i'bodics in the senun combine more strongly with 

!-l'!-(0cwetbylbenzyl)s1.1cc i namic acid than with the d isomerJ 

(2) K. Landsteiner and J. vc=m der Scheer, J. Excltl. ~ied., !±2• 31-5(1928). 
(3) K. U1...Y!dsteiner and J. van der Scheer, .1E.li·• ;ill, 407(1929). 

p 
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PREP .ARAT ION OF COMPOU NDS 

4 
~ was prepared by the method of Auwers oy slowly adding 

0.16 mole of aniline to a boiling solution of 0.15 mole of succinic anlcydride 

in 150 ml. of chloroform. T:0.e reaction took p le,ce irrnnediately with pre­

cip itation of succina~ilic acid. The product was recry st~llized from water, 

vrith a yield of 68%. M. p., 147.2-1t~7.7°; reported, 1l.~s.5°. 4 Acidic egui­

v~_lent weight: calcd. for c10H
11

o
3
N, 193.l; found, 191.4, 191.7. 

~£3:1.£0-~a~ilis a2,~ was prepared by Dr. W. B. Renfrow, Jr., by 

mixing hot solutions of 0.2 ~ole of succinic anhydride and 0.2 mole of 

.:2,-ni traniline in 50 ml. port ions of dioxane and he8t ing in a boiling water 

bath for five minutes. The 12-nitrosuccinanilic acid crystallized on cooling. 

M. p., 194-195°; reported, 194-195°. 5 

)2;:}-@-£0 S'.lcc inan i,Ll.2_3,.PJ£, r.a s prepared by Dr. W. J3. Renfrow, Jr. , by 

reducing 0.08 mole of .:2,-nitrosuccinanilic acid in 175 ml. of 90% methnaol 

with byd.rogen at 3 atrns. over a catalyst of paddadiu.m on calcium carbonate. -
The aminosuccinar1ilic acid precipitated on cooling. It was dissolved in the 

theoretical ronount of sodium hydroxide solution, filtered, and reprecipitated 

with the theoretical amount of hydrochloric acid. M. p., 184-185°; reported, 

183-134°. 5 

d- Md t-o.-Meth lbenz la:nines were prepared by resolution of Eastman 

dt-u-methylbenzylamine using the method of wven. 
6 

The dt-emine was redistilled 

----.-.!---------------· ~ ------------------
(4) K. Auwers, Ann.,~. 326(1399). 

(5) K. Landsteiner and J. van der Scheer, J. Exptl. Med.,~. 399(1932). 

(6) J. M. wven, J. prak. Chem., 11,, 310(1905). 
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through :j cm. of glass rings, the fraction boiling from 186.0 to 136.6° 

(uncorr.) being taken. o.43 mole of the amine was added to a. solution 

of 0.44 mole of ..f-me,lic acid in 235 ml. of water. Crysta1lize,tion took 

place over night. Yield of dried _9;-a.-methylbeniylarnmonium-!-malate was 

52.0 grns., 945b of the theoretical quantity. 

The filtrate from the crystals of .9:-ai::.methylbenzylammonium-!-rnala te 

was made basic with sodium bydroxide and the released amine extracted with 

ether. The ether was removed on a water bath, and a solution of 0.22 mole 

of d-tartaric acid in 130 ml. of water added to the a~ine. It was allowed 

to crystallize over night. 'rhe yield of !-0:,..methylbenzylammonium-_9;-tartrate 

was 36.0 gms., 61% of the theoretical quantity. 

The .9:-o.-methylbenzylamrnonium-£,..mc1Jate and !-cc.--methylbenzylammoni1JJU­

.,9;-tartrate cryst a ls were recrystallized twice from water. 

The free arnines were prepared by adding sodium hydroxide solution to 

the salts, extracting with ether, removing the ether on the water bath, and 

distilling. The specific gravities and optical rotations were taken: 

ft-~-:,M~&).ben~~: b. p., 185-5-186.0° (uncorr.); d~
6

•5 = 0.9475; 

[et]~6•5 = +39.2° (a= +37.16°, t = 1 dm.); yield, n.4 gms., 44%. 

t-o:,..Met hv lbenz lamine: b. p., 186.0-186.5° (uncorr. ); d~
6•5 = 0.9466; 

[
;,26.5 0 0 ) 6 ~· aJD = -39-4 (a= -37-32 , t = 1 dm. ; yield, 9. ~ns., 38~. 

_a,:Ju-Me~,&..lP!3fl~l..,l]~_scj..E_ap~ was prepared by adding 0.091 mole of 

.9:-0:,..methylbenzylamine in 25 ml. of chloroform to a chloroform solution of 

0.091 mole of succinic anhydride. When all the succinic .anhycb:·ide had 

dissolved the solution was extracted with a solution of 0.091 mole of sodium 

hydroxide. This aqueous solution was extract ed with ether 8nd the acid 

precipitated with hydrochlorie acid. It was recrystallized from water. 
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Yield, 12.6 gms., 63%. M. p., 100.9-101.1°(corr.); [o.]~5 = +129.2° (o. = +2.5(/>0
, 

t = 2 dm., c = 10.01 gms./liter). Acidic e_g_uivalent weight: ca.led. for 

C12H
15

o
3

N, 221.1; found, 220.9, 221.5. 

J,-(o.:-Me_1;.&Jb~~~c2i~~tf c;C}.£ was prepared in the same manner form 

0.075 mole of the amine and 0.075 mole of succinic anhydride. Yield, 10.4 gms., 

63%. M. P•• 100.9-101.2° (corr.); [~J~5 = -127.0° (o. = -2._54o0
, i, = 2 dm., 

c = 10.00 gms./liter). Acidic equivalent weight: calcd. for c
12

n
15

o
3

N, 221.1; 

found, 221.6, 221.9. 

~ion of Protein Anit ens.--The immuniz1.ng ant:igen was prepared by 

diazotizing 0.006 mole of 12,-aminosuccinanilic acid and coupling with 100 ml. 

of sheep serum at pH 9. The antigen was purified according to the directions 

of Landsteiner and van der Scheer.3 

The test antigen (S -o,,a.lbuxnin) was prepared by diazotizing 0.0002 4 mole 
p 

{0.050 gm.) of 12,-aQjinosuccinanilic aicd and coupling with 0.50 gm. of o~al-

bumin at about pH 9. The azoportein w?..S: dialyzed overnight against tap water, 

precipitated twice at pH 3.5 from 50 ml. of solution, :md finally dissolved 

in saline solution at pH 7. 

~---The method of prepa.ring 811d pooling antisera has been des­

cribed elsewhere by PauJ.ing e,nd his coworkers. 7 

and permitted to stand for one hour at room temperature and over two nights 

at 5° C. Tne precipitat es were centrifuged and wa.shed three times with 10-ml. 

portions of' 0.9% sodium chloride solution and were analyzed by the standard 

8 method. 

(7) L. Pauling, D. Pressman, D. H. Carnpbell, C. Ikeda, and M. Ikawa, J • .Am. 
Chem. Soc., 64, 2994 (1942). ~ (3) D. Pressman, Ind. Eng. Chem., Anal. Ed., 12• 357 (1943). 
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DISCUSSION 

The results of t he hapten i nhibition experiments are g iven in Table I 

and Figure 1. 'l'he values of 0. 8 to 3. 5 of the heterogeneity index er obtained 

on application of the theory of heterogeneous antisera9 to the data are 

similar in magnitude 8.nd in trend to those found for other systems. The values 

I 
of the h apten inhibition constant K (aside from the difference for the d and 

0 

.£. haptens) are rea.sonable; succinanilic acid, which is very closely rela ted 

in structure to the haptenic group of the immunizing antig en (the _!-(p-azophenyl)­

succinam ic acid group), combines five to ten times more strongly with the 

' antibody than the op tically active haptens, and about fifty times more strongly 

than the simple h apten succinic acid. 

Data were obtained for th ree different arnounts of the pr ecipit ating 

antigen, S -ovalbumin, extending into the regions of antibody excess and antigen 
p 

excess. It is interesting that in these e>-:periments a, given amount of h apten 

was found to be more eff ective in inhi"biting precip itation the gre?.ter the 

amount of antigen; this corresponds to t he simple theory of ho~ogeneous 8nti­

·body, lO but is contrary to earlier work with another t ype of antiserum. 9 

'J.'he striking result of the experiments is the difference in inhib iting 

power shown by the,.2; and_! isomers of ~-(o.-methylbenzyl)succina'Ilic acid, 

amount ing in the region of antibody excess to a fac t or in X' greater than 2, 
0 

and to a diffeP-ence of about 500 cP,l. per mole in the standard free energy 

of combinat ion of hap ten and antibody. This difference is p resu.'tlably to be 

attributed to the prese:?1de of optica lly ac t ive amino acid r esidues ln the 

a.~ tibody if-globu lin, causing the stable conf i 6urs tions complement ary to the 

syrnmetl·ic h?.pter.ic group of the i mmunizing antigen to be a symmetric. An 

------------------------------------
(9) L. Pauling, D. Pressman, and A. L. Grossberg, 

7 84(1944). 
J. Am. Chem. Soc. , 66, ~ 

(10) L. Pauling, D. Pressman, D. H. Campbell, and -C. Ikeda, ibid., Q±., 

3003 ( 1942). 



7 

a.lternat iizle but less 1 i kely ex:pl~'"at ion could be "based on the presence of 

optically active amino acid residues in the protein part of the immunizing 

roitigen; this explanation is rendered improbable by the fact that the part 

of the haptenic group in the immunizing antigen which corresponds to the 

asymmetric c/3.l'bon atom of the _g and! haptens is separ;:ited from the asyYTJ.metrjc 

carbon atom of the a11 ino acid residue by a considerable distance (the length 

of a llenzene ring, azo group, an.d the amino acid side chain.). 

Our present knowledge of the structure of antibodies is not sufficiently 

detailed to permit an interpretation to be made of the observati on that it 

is t he£ isomer whicg combines the more strongly with the antibody. 

A reasonable explanation can be given of the observed dependence of the 

optical isomer effect on the amount of p recipitating a.,.'ltigen and on the 1=11nount 

of hapten. The ant.iserum is het erogeneous--it cont,dns antibodies which in 

configure t ion approximate only roughly to the haptenic: group of the inmmnizing 

azoprotein and the precipitating azoportein, and hence exert only weak attraction 

for these groups, a...."ld antibodies which fit very closely to the haptenic group, 

and fcrm strong bonds with it. It is to be expected that weak antibodies, 

fitting the haptenic group only loos_ely, could be built in a great mF.my dif­

ferent wa,.vs, of which some would combine more strong:cy with the~ isomer of 

a pair of asymmetric hap t ens than with the ! isomer, and others would com-

bine more strongly with the ! i.somer than with the d isocer, and that these 

preferential effects would largely cancel each other. A very good antibody 

molecule, however, would ha~e to assume a very well-defined comfigu:rat ion, 

bringing it into the closest approximation to the haptenic group and locating 

and orientihg its ch/3.l'ged groups and hydrogen-bond-forming group s in the most 

satisfactory way for attracting aJld holding the haptenic group; the nature 



of this more complementary configura tion would be determined by the f 8 ct 

th?..t the building stones are ,!-amino acid residues, and the configuration 

would accordingly be expected to correspond more closely t~ t ' t th .., one ~~, an o , e 

ether cf ~ri enant iomorpl:ic pair of a syrmnetr ic raolecules. 

W'nen a small amount of antigen is a.dded to a portion of antiserum, it is 

the antibody molecules with the great est attraction for the antigen wh ich 

form the precipitate with it. The argument given above leads to the expect­

at ion that the optical iso!!ler effect would be larger in this case than when 

a large amount of precipitating antigen is used. This expectation is con-

firmed by the experimental results. 

MoreoYer , in the region of the equivalence zone, with the precipjtate 

containing poor antibody as well as good antibody, the part of the precip itate 

which is dissolved first on addition of hapten is that containing the poor 

antibody ( with small conbining power for the h apteni<.: group of the im­

~unizing antigen and precipitating antigen); the good ~~tibcdy tends to remain 

in the undissolved pr ecipit:=i te. Accordingly, by the argument given above, 

the difference in effect of_£ and.f haptens would be small at low hapten 

concentrations and la.rgei· at high hap ten concentr c, t ions, at which a conside1·­

abibe fraction of the precipitate is dis solved. This effect, shown clearly 

lp: the middle pair of curves in Figure 1, leads to a dif :'erence in apparent 

heterogeneity of the ~ntiser-~n with respect to the isomers. 

The small differende shown oy the isomeric haptens in the region of 

slight antigen excess lll81' be the result of the action of the excess of antigen 

in favoring the formation of soluble complexes involving good antibody mo leculss. 
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AMOUNT OF ANTIGEN 

35 µg 110 µg 440 µg 

., Figure 1.--Effect of d- and t-N-(a.-methylbenzyl)succinamic acid in 
inhibiting the precipitation-of t::i.e anti-S serum and S -ova.lbumin; p p 
points for the~ and! haptens respectively are represented by the 
right and left halves of circles. 
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Notes to Table I 

!!: Optimum precipitation 850 pg. a t 220 f'g. of ant igen. 

E. I = !i!,- (a.-Methylbenzyl )succinamic acid; II = succinanilic acid; 

III= succinic acid. 

Q The aJTiounts of predipitate axe in parts per mille of the a~ounts 

in t he absence of hapt en: 680, 660, and 239 f.4 6 • Blanks of serum and 

buf fer 8.8, and 16 f g ·, resp ectively . Values a.re averages of triplicate 

aJ1al yses, with mean deviation ±,2%, ex cep t for duplicate an al y ses in 

parent heses. 
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PA.RT II 

IRHIB I'I'ION OF TFi: P REC IPIT IN REACT IOH BY DER IV AT IVES 
OF 'I'HE HOMOLOGOUS RAPT EH 

A number of hapten inhibit ion experiments were peri6Drmed by Landsteiner 

and van der ~cheer
11 

with e.nti-Sp serum, employing a number of substances 

related to but not derivatives of the hor:iologous hapten with the exception 

of ,E-nitro- and .E,-a..1Y1inosuccin13.::ilic ::i.cid.s. The experiments descrH,ec'l. below, 

which use a number of such derivi=it ives, have teen carried out in a manner 

. . . . . 12 previously employed with ant1-ben7,c1c Ac1d serum. 

?HEPAR.AT IO}! OF COMPOUNDS 

2 
§iucs!,1.1!1,nj.!ic _.a_cj£ was prepared by the method of Auwers by adding 0.15 

mole of aniline to a boiling chloroform solution of 0.15 mole of succinic 

anhydride. The crude yield was nearly quantitative. It was purified by 

dissolving in the calculated amount of sodiurn hydroxide solution, extracting 

twice with ether, reprecipitating with hydrochloric acid, and recrystallizing 

from water. 

0 4 0 4 M. p., 145.1-146.9 (corr.); reported, 1 8.5 . Acidic neutral eauival-

-2,.aj!: calcd. for c10H11o3
N, 193.1; found, 191.i. 192.2. 

tl~~ was prepared by the method of H. E. Fierz-

David, W. Jadassohn, and w. F. Z&cher13 b;;r dissolving 0.10 mole of succinic 

anhydride and 0.10 mole of 12.-nitraniline separately in 125 ml. of chlorobenzene 

and pouring the two solutions together. Crystallizf1.tion soon occurred through­

out the solution. The crysta.ls were filtered (yield, 81%), snd purified 

by dissolving in sodium bydroxide solution, extra.ct ing ,-rith ether, reprecipitating 

--·-------------------------------------
(11) K. Landsteiner and J. van der Scheer, J. Exotl. lled., ~. 751 (1934). 

(12) D. Pressman, S. M. Swingle, A. L. Grosslierg, and L. Pauling, J . .Arn. 
C11,em. Soc., ~. 1731 (1944). 

(13) E. E. Fierz-David, w. Jadassolm, and W. F. Z~rcher, Helv. Chim. Acta, 
20, 21 (1937 ). ~ 
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with hydrochloric acid, and recrystallizing from alcohol. 

M. p., 194.4~ (corr.); reported, 194-195°. 5 Acidic equivalent 

weight: 

~~ was prepared by Dr. W. :B. Renfrow, Jr., as 

described. previously. M. p., 18l+-1S5°; reported, 183-184°.5 Acidic 

equivalent weir;ht: calcd. for c10H12o
3

N2 , 203.l; found, 207.2, 203.3. 

o-13romosuccinanilic acid was prepared by the method of Auwersl.~ from ..._.~~~.,..---

0.06 mole of o-bromoaniline and 0.075 mole of succinic anhydride in chloJOO­

fonn solution. Yield, 9.0 gms., 57%. It was· pu.rified by dissolving in 

sodium hydroxide solution, extracting with ether, preci.pi tat ing with hydro­

ehloric acid, ?.nd recrystailizing from water. M. p., 154.1-156.1° (cor~ ). 

Acidic e_suivalent weight: calcd. for c
10

H
10

o
3

N:Br, 272.1; found, 270.1, 

270.4 

!!1:-BfQ£lOSll(lCi~,t1i,.]J.LJ,.f)Q; was prepared and p urified in the same m8Xmer 

from 0.06 mole of m-bromoaniline and 0.075 mole of succinic anbydricle. -
Yield, 9.0 gms., 57%. 

M. p., 150. 9-151. 9° (corr.). Acidic equivalent weight: calcd. for 

c10H10o
3

N:Br, 272.1; found, 266.7, 266.7. 

p..:Bromosuccin1=tnilic a cid was prepared and purified in the same manner 

from 0.17 mole of :g,-bromoaniline and 0.17 mole of' succinic an..ri.yd.ride. It 

was recrystallized from alcohol. Crude yield, 44. 7 gms., 97%; purified 

yield, 27.9 g@S• , 65%. 

M. P·' 
14 

187-2-133.2° (corr.); reported, 1g6-1e7°. Acidic eauivalent 

weight: calcd. for c10H10o3
N.Br, 272.l; found, 272.7, 270.8. 

---------------------------------------
(14) Beilstein, Vol. XII, p. 644. 
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from 0.14 mole of u-naphthylamine and 0.14 mole of auccinic anhydride. 

It was purified by dissolving in sodium hydroxide solution, extracting 

with ether, reprecipitating with hydrochloric acid, and recrystallizing 

from alcohol. Yield of purified material, 13.0 gms. , 38%. 

M. p., 171.1-171.6° {corr . ). Acidic eauiva1ent wei~t. : oalcd. for 

C141S-30
3

N, 243.1; found, 241.4, 241.2. 

& U-3.;-Ngiph;t&.l,h;uscj:Eawic~~ was prepared an d purified in the S8..me 

manner described above from O. 14 mole of f3-naphtbylamine and O. 14 mole of 

succinic anhydride. Yield of purified material, 23.3. gms., 68%.-

• 15 
M. p., 189.4-190.0° {corr.); reported, lBLl-135"• Acidic equivalent 

weis.~t: calcd. for c
14

H
13

o
3

N, 243.1; found, 240.5, 240.6. 

£.: .. fo . .:..1w9m_hen;c,}.~api]j.s_ aci£ was prepared by diazotiz-ing 

O. OJ:. mole of _£-aminosuccinanilic acid, making alkaline, and adding the 

solution to an alkaline solution of 0.10 mole of phenol. Coupling was 

complete in less than 30 minutes. The pH of the solution was adjusted to 

aoout 7, and it was extracted twice with ether. 1I'he ;:i,cid was precipitated 

with hydrochloric acid, filtered, and recrystallized twice from alcohol 

and ,,ater using decolorizing charcoal the second time. Yield., 1. 33 gms., 

M. p., 231.5° {corr.) viith decomposition. Acidic eg_uivaleELweight; 

calcd. for o16H
15

04N
3

, 313.2; found, 312.7. 

Prenarat ion of Protein Anti ens. __ The immunizing antigen wa s prepared 

by the method of L3ndsteiner and VAn der Scheer3 by diazotizing 0.006 mole 

---------------------------------------
(15) K. Auwers, ~• ~;&,, 190 (1896). 
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of E-aminosuccinanilic acid, and adding it to 100 ml. of cold alkaline 

sheep serum. Coupling was allowed to take place over night. The azo­

protein was precipitated with hydro'chloric acid, centrifuged, dissolved 

in a small amount of sodium carbonate solution, and again predipitated 

by adding ethyl '.: alcohol. After centrifugin the azoprotein was ground with 

a little water and the volume made up to 200 ml. with 0.9% saline. 

The test antigen was prepared by diazotizing 0.001 mole of E-amino­

succinanilic acid, making the solution alkaline, and adding it to a basic 

solution of 2.00 gms. of crystalline ovalbumin. Coupling was complete after 

45 minutes. The solution was dialyzed over nightin sausage casing against 

tap water. The pH of the solution was adjusted to 3.5, the precipitated 

azoprotein centrifuged, and dissolved in a small amount of sodium hydroxide 

solution. It was again precipitated, centrifuged, and dissolved. The volume 

of the solution was made up to about 150 ml. with saline and the pH adjusted 

to about 7. 

and permitted to stand for one hour at room temperature and over two nights 

at 5° C. The precipitates were centrifuged and washed three times with 10-ml. 

:portions of 0.9% sodium chloride solution and were analyzed b~r the standard 

8 method. 

DISCUSSION 

The data obtainea. in the hapten inhibition experiments were interpreted 

with the amd of the extended qua..~titative theory of the phenomomen. 9 Applicat 

ion of this theory leads to the evaluation of two constants for each anti~ 

body-antigen-hapten system: one of these constants, K', is a.,.i average hapten 
0 . 

inhibition constant, representing the average bond strength of antigody end 

hapten relative to that of antibody and antigen, and the other constant,r , 
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is an index of the effective heterogeneity of the antiserum.. Values for K
0 

2nd CS- for the hapt ens investigated are g iven in Table II. The reference 

point for K~ is tal{en as K~ = 1.00 for the hapten succi::tanilic a cid. 

The results are similar to what has been obt ained previously in this 

type of ey.;periment, 
12 

with one notable exception: the ::e.- (e_-hydro:x:yphenyl­

azo )succinanilic a cid did not inhibit as well a s the ::e.-nitro- and ::e.-bromo­

succihanilic acids. This result would not be expected, as the !I- C:12-phenyl­

azo )succinamic a cid group is present in the inmrunizing antigen, and accord­

ingly a compound cont aining such a group should inhibit better than any of 

rn 
the other related compounds tested. J.he rea sons for t he observed results 

are not clear. 

For the bromine substituent, the dependence of the inhib ition constant 

on position in the ring is p > m > o. 

derivatives, as shown in Table III. 

This is observed with the benzoic a cid 

T he change of the bromine from the pal'a 

to the meta position changes the in..h.ibition const ~nt by a factor of 3, and 

the c..h.ange from met a to ortho chruiges the constant by a factor of about 1. 3. 

For benzoic acid these f a ctors are 4 and 17 respect ively. 

The order of a ctivity of groups in the para posit ion of succinanilic 

a cid is N0
2
>Br>H006¾.li!J.'T>NH

2
. The order of activity for benzoic acid 

is HOC6Hi/1'T>N0
2

>Br))NH
2

. '1'he :reduced a ct ivity of the H0C6¾NN group in 

the succinanilic a cid series constitutes the only major difference between 

these two series. The benzoic 2 cid series, h o\·rever, shows gr eater extremes 

of values for K~ (varying from 0.074 to 21.9) t han the succinanilic acid 

derivatives (values ranging from 0.55 to 4.22). 

The greater inhioiting effect of compounds with groups in the para 

.position i s due to t h e interc:ction of these groups with the antibody , 
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which is complementary to a para-azo group. The effect of substitution in 

the meta and ortho positions seems to be steric, for the antibody would ~e 

UJ1able to fit closely ;around the hapten molecu le. The decrease in effective­

ness is greater for the ortho than for the meta position. The greatly 

decrea.sed effectiveness of !i,- Ca.-naphthyl)succinamic acid, which can be 

considered as a 2,3-substituted succinanilic acid, is likewise due to the 

steric effect. However, the increased effect of !-(~-naphthyl)succinamic 

acid (a 3,~--substituted succinanilic a cid) is again due to intera ction of 

the :para- sub st i tuen t with the anti body. 
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Notes to Table II 

.@: The amounts of precipitate are in parts per mille of the amounts 

in the absence of hapten: 657 fg• with Sp -ovalbumin. Blank of serum 

and buffer, 14 /"g. Values are averages of triplicate analyses, with 

mean deviation ±2~3%, except for duplicate analyses in parentheses. 

b - Values of c:r- in paxentheses are assumed, there being no more than 

two points to determine the heterogeneity curve. 
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Table III 

Comparison of Inhibition Constants and Heterogenity Indexes 

for Substituted Benzoic and Succinanilic Acids 

Substituent Benzoic Acid Succinanilic Acid 

Kl 
0 a- Kl 

0 0--

----------- 1.00 2.5 1.00 1.3 

E,-{E-Hydro:xy_phenyl-
azo)- 21.9 2.0 2.00 0.8 

o-Bromo- 0.074 2.8 o. 71 (1) 

!!!-Bromo- 1.25 2.0 .915 0.8 

E,-Bromo- 5.0 2.5 2.72 1.0 

E,-Ni tro- 11.5 3.0 4.22 1.0 

E,-.(\Jn.ino- 0.88 3.0 1.41 {1.5) 

• a.-Napht hyl-
derivative 0.18 4.o 0.55 (1) 

~-Naphthyl-
derivative 10.7 3.0 1.55 (1) 


