
INFORMATION TO U S E R S

This manuscript has been reproduced from the microfilm master. UMI films 

the text directly from the original or copy submitted. Thus, some thesis and 

dissertation copies are in typewriter face, while others may be from any type of 

computer printer.

The quality of this reproduction is dependent upon the quality of the 

copy submitted. Broken or indistinct print, colored or poor quality illustrations 

and photographs, print bleedthrough, substandard margins, and improper 

alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript 

and there are missing pages, these will be noted. Also, if unauthorized 

copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and continuing 

from left to right in equal sections with small overlaps.

ProQuest Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 

800-521-0600

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



UNIVERSITY OF CINCINNATI

.May-^L,_______________I9^£-

I  hereby recommend that the thesis prepared under m y

supervision b y -  Paul Scott Nicholas____________________________

entitled  'T0n th e  A nt.igp rno  S t.-n in tiirp  r»f R nivhorinn--------

tularense:i___________________________

be accepted as fulfilling this part o f  the requirements fo r  the 

degree o f_______ D o c to r  o f  P h i lo s o p h y --------------------------- ,----------------

A pproved by:

fe- V

F orm  CCS— G.S. an d  E d —  000— 3-42

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ON THE ANTIGENIC STRUCTURE 

OF BACTERIUM TULARENSE

A d i s s e r t a t io n  su b m itted  to  th e  

G raduate School 

o f  th e

U n iv e r s ity  o f  C in c in n a ti  

in  p a r t ia l  f u l f i l lm e n t  o f  th e  

req u irem en ts fo r  th e  d egree  o f

DOCTOR OF PHILOSOPHY 

1946  

by

Paul S c o t t  N ic h o le s  

A. B. Brigham Young U n iv e r s i t y ,  1941

i .6 S '46

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



UMI Number: DP15960

IN F O R M A T IO N  T O  U S E R S

The quality of this reproduction is dependent upon the quality o f the copy 

submitted. Broken or indistinct print, colored or poor quality illustrations and  

photographs, print bleed-through, substandard margins, and im proper 

alignm ent can adversely affect reproduction.

In the unlikely event that the author did not send a com plete manuscript 

and there  are missing pages, these will be noted. Also, if unauthorized  

copyright material had to be rem oved, a note will indicate the deletion.

U M I Microform D P 1 5 9 6 0  
C opyright2 0 0 9  by P roQ uest LLC  

All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United S tates Code.

ProQ uest LLC  
7 8 9  East E isenhow er Parkw ay  

P .O . Box 1346  
Ann Arbor, M l 4 8 1 0 6 -1 3 4 6

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Acknowledgement

The author w ish es  t o  ex p r ess  th an k s  

t o  a l l  th o se  who have g iv e n  so  f r e e ly  o f  

t h e ir  tim e and c o u n s e l,  and to  Dr. Lee 

Foshay fo r  h i s  u n f a i l in g  i n t e r e s t ,  t e c h ­

n ic a l  a d v ic e , and a id  in  th e  p r e p a r a tio n  

o f  th e  m an u scrip t.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



T able o f  C ontents

In tr o d u c tio n .....................................   1

H is t o r i c a l ............................................................ 3

P art I
C u lt iv a t io n  M ethod,« . . . ........................  6

Part I I  
F r a c t io n a t io n  o f  Bacterium  
tu la r e n s e ........................................  22

P art I I I  
Measurement o f  Immunologic 
A c t iv i t y  o f  A n tigen s and 
A n tib o d ie s . . . . . ............................................ 58

D is c u s s io n .......................................................... 35

Summary................................................ 78

22 T ab les  

9 F ig u res  

B ib lio g ra p h y

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



On th e  A n tig e n ic  S tr u c tu r e  

o f  B acterium  tu la r e n s e

The im m unologic r e la t io n s  betw een Bacterium  

tu la r e n s e  and mammalian h o s t s  have been  s tu d ie d  

e x t e n s iv e ly  s in c e  th e  d is c o v e r y  o f  th e  organism  

by McCoy and Chapin (1 )  in  1912 , F r a n c is  and 

Evans ( l~ a )  s tu d ie d  th e  a g g lu t in a t io n  r e a c t io n  

in  tu la r e m ia  and e s t a b l i s h e d  t h i s  proced ure a s  a  

s p e c i f i c  d ia g n o s t ic  t e s t  w ith  more th a n  th e  u s u a l  

d egree o f  r e l i a b i l i t y .  Cross a g g lu t in a t io n  

occu rred  o n ly  w ith  organism s o f  th e  genus B r u c e l la ,  

Downs (1 -b )  dem onstrated  th a t  th e  r e a c t io n  betw een  

a n tig e n  and an tib od y  f ix e d  com plem ent. T h is  

phenomenon h a s n o t been a d eq u a te ly  e x p lo re d ; in  

f a c t ,  th e r e  are no p u b lish ed  p ap ers co n cern in g  

complement f i x a t io n .  Downs found th a t  th e r e  i s  

y e t  no w h o lly  s u i ta b le  a n t ig e n  fo r  u se  in  t h i s  

r e a c t io n ,  inasm uch as w hole b a c t e r ia l  o e l l s  are  

q u ite  anticom plem entary even  in  f a i r l y  low  con­

centrations* F r a n c is  (2 )  p o in te d  out th a t  one 

a tta o k  o f  tu la r e m ia  im parts permanent immunity 

upon r e c o v e r y , and th a t  any su bseq uent in v a s io n  

o f  th e  h o s t  by B a c t , tu la r e n s e  i s  c o n fin e d  

u s u a l ly  to  a l o c a l  l e s i o n ,

Foshay (3 )  d e sc r ib ed  a d ia g n o s t ic  in trad erm al  

r e a c t io n  by which a  sm a ll amount o f  a l i g h t  su s­

p en sio n  o f  o x id iz e d  B a c t. tu la r e n s e  was u sed  a s th e  

t e s t i n g  a g e n t. The t e s t  dose e l i c i t e d  w ith in  48
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hour8 an immune resp o n se  a t  th e  s i t e  o f  in j e c t io n .  

The t e s t  was proven t o  be h ig h ly  s p e c i f i c ,  and 

r e sp o n se s  were ob served  in  many p a t ie n t s  4  days  

a f t e r  th e  o n se t  o f  symptoms— lo n g  b e fo r e  ag­

g l u t i n i n s  were dem onstrab le  in  th e  sera* Foshay  

( 4 ) ,  ( 5 )  a l s o  d e sc r ib e d  an immune r e sp o n se  t o  an 

in trad erm al in j e c t io n  o f  a n t i tu la r e n s e  g o a t serum. 

The t r a n s i t o r y  r e sp o n s e s  were im m ediate and th e  

l o c a l i z e d  r e a c t io n s  appeared w ith in  1 t o  6 m inu tes  

a f t e r  a d m in is tr a t io n  o f  th e  t e s t  d ose; seldom  

l a t e r  th a n  th e  secon d  minute*

Foshay ( 6 ) ,  ( 7 ) ,  < 8 ), ( 9 )  d e sc r ib e d  th e  

b e n e f ic ia l  u se  o f  s p e c i f i c  an tiseru m  in  th e  t r e a t ­

ment o f  th e  d is e a se *  H ie f in d in g s  were b oth  

v e r i f i e d  and d is p u te d  by d i f f e r e n t  w orkers who 

t r e a te d  p a t ie n t s  w ith  h i s  and o th e r  antiserum s*  

P ro p h y la x is  a g a in s t  th e  d is e a s e  h as a ls o  

been stu d ied *  Downs (1 0 )  a ttem p ted  to  induce  

p r o te c t io n  in  r a b b it s  by m u lt ip le  i n j e c t io n s  o f  

k i l l e d  B a c t. tu la r e n se *  She was n ever a b le  to  

save an im al8 from a c h a lle n g e  dose o f  h ig h  

v ir u le n e e  but sh e  dem onstrated  in c r e a se d  r e ­

s i s t a n c e  to  i n f e c t i o n  by com paring th e  d u ra tio n  

o f  l i f e  o f  c o n tr o ls  and preimm unized an im als  

a f t e r  c h a lle n g e .

Foshay (1 1 )  prepared  c h e m ic a lly  t r e a t e d  v a c c in e s

o f  B a c t. tu la r e n s e  w hich he a d m in is tered  t o  h im s e lf
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o v e r  p e r i o d s  o f  s e v e r a l  months® He p o s t u l a t e d  th e  

p r o d u c t io n  o f  a c t i v e  im m u n ity  i n  h im s e lf *  an d  

s u p p o r te d  M s  a s s u m p tio n  b y  r e l a t i n g  t h a t  h© t e d  

b e e n  e x p o se d  s e v e r a l  t im e s ,,  and  h a d  a t  on© t im e  

b e e n  s u b je c te d  t o  a n  e x c e p t i o n a l l y  h e a v y  e x p o s u re  

w ith o u t  becom ing  i n f e c t e d ,

Foshay* H esae lb rock *  W itten b erg  and R oden- 

b erg  (1 2 )  d e s c r ib e d  t h e i r  e x p e r ie n c e  w ith  an  

o x id is e d  v a c c in e  o f  B acto t u la r e n s e ,  They  

attem p ted  im m u n ization  o f  some 2*145 in d i ­

v id u a ls ,  E v id e n c e s  o f  p r o t e c t io n  were o b ta in ed ,, 

S in c e  th e n  a b e t t e r  v a c c in e  h a s  been  d e v is e d  

and found t o  be o f  g r e a te r  v a lu e  a s  a  prophy­

l a c t i c  a g e n t .

The d i s c u s s io n  t o  f o l lo w  d e a ls  w ith  a  s tu d y  

o f  th e  ch em ica l p r o p e r t ie s  and c o n s t i t u t i o n  o f  

B a c t , t u la r e n s e ;  a  s tu d y  which* a lth o u g h  in ­

com plete* c o n t r ib u t e s  tow ard a b e t t e r  u n d er­

s ta n d in g  o f  th e  im m unocheraistry o f  tu la r e m ia .

The accou n t i s  d iv id e d  in to  th r e e  p a r t s s  ( I )

The d evelop m ent o f  m ethods fo r  grow in g  B a c t ,  

t u la r e n s e  in  m ass c u l t u r e s ;  ( I I )  a ttem p ts  t o  

f r a c t io n a t e  i t  i n t o  a n t ig e n ic  and n o n a n tig e n ic  

components* and ( I I I )  a  means o f  q u a n t i t a t in g  

th e  a c t i v i t y  o f  c e r t a in  f r a c t i o n s .

H i s t o r ic a l

The l i t e r a t u r e  r e v e a l s  but one a ttem p t to

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



I s o l a t e  a n  a n t i g e n i c  f r a c t i o n  from  t h i s  organism ®  

F o sh a y  an d  Boyd (5 )  p r e p a r e d  b y  A ndo°s m eth o d  a  

p r o d u c t  w h ic h  g av e  n e g a t i v e  b iu re t* , M i l lo n ,  an d  

n i n h y d r in  t e s t s ,  an d  s t r o n g l y  p o s i t i v e  M o lis c h  

te s ts ®  When d i s s o lv e d  i n  p h y s i o l o g i c a l  s a l i n e  

s o l u t i o n  i t  p r e c i p i t a t e d  s t r o n g l y  w i th  a n t i t u l a -  

r e n s e  se ru m s fro m  h o r s e s ,  sheep*, an d  goats* ,

E le v e n  m i l l i l i t e r s  o f  a  s o lu t i o n  o f  unknown con ­

c e n t r a t io n  w ere in tr o d u c e d  by r e p e a te d  sm a ll  

in tr a v e n o u s  in o c u la t io n s  in to  a  y e a r l in g  lcld®

Th© an im al produced serum a n t ib o d ie s  w h ich  p r e ­

c i p i t a t e d  s t r o n g ly  w ith  s o lu t io n s  o f  B a c t , 

t u la r e n s e  S®S®S® ( S p e c i f i c  S o lu b le  Substance)®

T h is  serum d id  n o t a g g lu t in a t e  Bact® tu la r e n se ®  

n or d id  i t  in d u c e  p h a g o c y to s is  o f  th e s e  b a c t e r ia  

by le u k o c y te s  in  norm al c i t r a t e d  w hole b lo o d , b u t  

i t  d id  provoke th e  s p e c i f i c  t r a n s i t o r y  s k in  r e ­

a c t i o n s ,  m en tion ed  a b o v e , in  p e r so n s  who had o r  

had had th e  d ise a se ®

D e t a i l s  o f  fu r th e r  work w ere n e v e r  p u b lish ed ®  

P e r so n a l com m unication  w ith  Dr® Foshay d i s c l o s e d  

t h a t  su b seq u en t p r o d u c ts  w ere r e l a t i v e l y  o r  

c o m p le te ly  i n e r t ,  and th a t  t h e y  were m ixed w ith  

s u b s ta n c e s  d e r iv e d  from th e  a gar  medium upon  

w hich  th e  o rg a n ism s w ere grown® The m ost im­

p o r ta n t  o f  th e s e  c o n ta m in a tin g  s u b s ta n c e s  was 

a p p a r e n t ly  a p o ly s a c c h a r id e  d e r iv e d  from  a g a r -
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a g o r , and p r a c t i c a l l y  in s e p a r a b le  from  th e  a n t i ­

g e n ic  f r a c t i o n  b e in g  sought®

One d i f f i c u l t y ^  t h e n 0 w hich  im peded p r o g r e s s  

was th e  s o l i d  medium n e c e s s a r y  f o r  c u lt iv a t io n ®

O nly r e c e n t l y  have Tasnura and G ibby (1 3 )  and  

G ibby (1 4 )  f i r s t  d e f in e d  a  l i q u i d  medium s a t i s ­

f a c t o r y  f o r  c u l t i v a t i o n  o f  t h i s  organism * W ith  

t h i s  d is c o v e r y  t h e  i n t e r e s t  in  a n t ig e n ic  com­

p o n e n ts  o>f Bact® t u la r e n s e  w as renew ed s in c e  t h e  

p o s s i b i l i t y  o f  i s o l a t i o n  o f  s u b s ta n c e s  o f  b a c t e r i a l  

o r ig in  f r e e  from  a l l  o th e r  s u b s ta n c e s  became 

assured®
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P a r t  I

S u s ta in e d  r a p id  m u l t ip l i c a t io n  o f  o rg a n ism s  

in  t e s t  tu b e  l o t a  d o es  n o t  g u a r a n te e  t h a t  th e  

same medium w i l l  do so  in  b u lk . T h is  was t r u e  

o f  th e  medium o f  Tamura and Gibby ( 1 3 ) .  G ibby  

(1 4 )  found i t  n e c e s s a r y  to  c o n s tr u c t  s p e c i a l l y  

shaped c u ltu r e  tu b e s  in  o r d e r  t h a t ,  ev en  i n  a  

m inim al volum e o f  medium„ B a c t .  t u la r e n s e  w ould  

m u lt ip ly  r a p id ly ,  I t  was th e r e fo r e  r e q u ir e d  

t h a t  th e  medium be ad ap ted  to  mass c u ltu r e  

te c h n iq u e s  i n  o rd er  t o  o b t a in  enough m a te r ia l  

fo r  f r a c t i o n a t i o n .

The f i r s t  e x p e r im e n ta l mass c u l tu r e  

a d e q u a te ly  p roved  t h i s  p o in t ,  A medium was 

p rep ared  a s  f o l lo w s :

lo G e la t in  H y d ro ly z a te 2 ,0 p er cen t

2 , C y s t in e 0 ,0 1 C3 n

3 , Sodium C h lo r id e 0 ,3 n Cl

4 , Magnesium S u lfa t e 0 ,0 0 1 8 n H

5 , P o ta ssiu m  P h osp h ate  (m on ob asic ) 0 ,0 2 5 n n

6 , Sodium P h o sp h a te  ( d ib a s i c ) 0 .0 1 2 3 a H

7 . B lood  C e l l  E x tr a c t 2 .0 w n

8 , W ater t o  th e  volume r e q u ir e d .

The g e l a t i n  h y d r o ly z a te  was p rep a red  a cco rd ­

in g  to  th e  m ethod d e s c r ib e d  by W illia m s  ( 1 6 ) ,

Two p er  c e n t  g e l a t i n  h y d r o ly z a te  means 2 .0 £  in
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te r ra s  o f  w hole g e la t in ®  The h y d r o ly s a t a  was a  

lQ 0Qf0 s o l u t i o n  o f  th e  o r i g i n a l  g e l a t i n ,  h e n c e  

20 ml® ¥»ere u se d  t o  p r e p a r e  100 ml® o f  medium®

G ibby (1 4 )  f i r s t  p rep a red  b lo o d  c e l l  e x t r a c t  

(BCE) a s e p t i e a l l y  from r a b b it  b lo o d  c e l ls ®  Th© 

BCE f o r  t h i s  ex p er im en t was p rep ared  a c c o r d in g  

to  h i s  method® The 2 .0 #  c o n c e n tr a t io n  u sed  In  

th e  medium i s  in  term s o f  o r ig in a l  packed  c e l ls ®

T h ree l i t e r s  o f  medium were p rep a red  in  a  

s i x - l i t e r  F lo r e n c e  f l a s k  and s t e r i l i s e d  a t  10  

pounds p r e s s u r e  f o r  20 m in u te s . The inoculum  

c o n s is t e d  o f  th e  e n t ir e  grow th  from a  24 hour 

meat in f u s io n  d e x tr o s e  c y s t in e  b lo o d  agar s la n t  

(DCBA) c u ltu r e  o f  Bact® t u la r e n s e  su sp en d ed  in  

p h y s io lo g ic a l  s a l in e  so lu tio n ®  A f te r  in c u b a t io n ,  

th e  c u l t u r e  was t r a n s f e r r e d  to  c e n t r i f u g e  

b o t t l e s ,  and th e  organ ism s were sed im en ted  from  

th e  medium®

The r e s u l t s  were fa r  from  s a t is fa c to r y ®  No 

in c r e a s e  in  th e  i n i t i a l  t u r b id i t y  p roduced  by 

th e  in ocu lum  co u ld  be d etected ®  The c e n t r i f u g a t e  

was p ro b a b ly  no g r e a t e r  th a n  t h a t  w hich  m ight 

have b een  h a r v e s te d  from th e  inoculum  a lo n e .  The 

medium and th e  method were o b v io u s ly  n o t  s u i t a b le  

f o r  r a p id  m u lt ip l i c a t io n  o f  B a c t . tu la ren se®

G ibby (1 4 )  had o b serv ed  th a t  B a c t .  tu la r e n s e  

m u lt ip l i e d  more r a p id ly  in  a s h a llo w  th a n  in  a
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“ 8®

deep la y e r  o f  l iq u id  medium® T h is su g g e s te d  th a t  

th e  oxygen demand o f  th e  organism  was h ig h ,  

and th a t  i f  th e  r a t io  o f  su r fa c e  area  to  volum e 

o f  medium were to o  lo w 9 th e  organism  would f a i l  

t o  reproduce®

There were a t  hand some r e c ta n g u la r  b o t t l e s  

o f  about 500 ml® c a p a c ity  w h ich , i f  h e ld  h o r i­

z o n t a l ly ,  p resen ted  a c o n sta n t su r fa c e  area  o f  

about 8 2 .5  sq . cm. to  any c o n ta in a b le  volume o f  

medium. By v a r y in g  th e  volume th e  op tim al r a t io  

o f  su r fa c e  area  to  volume o f  medium might be 

d eterm in ed .

The medium d e sc r ib ed  above was d isp e n se d  in  

f iv e  b o t t l e s ,  each c o n ta in in g  1 0 .0 ,  2 5 .0 ,  5 0 .0 ,  

7 5 .0  and 1 0 0 .0  m l . ,  r e s p e c t iv e ly .  The b o t t l e s  

were a u to c la v e d  fo r  15 m in u tes a t  10 pounds 

p r e s s u r e . Each was in o c u la te d  w ith  0 .1 0 ,  0 .2 5 ,

0 .5 0 ,  0 .7 5  and 1 .0 0  m l . ,  r e s p e c t iv e ly ,  o f  a  

T-875 (M.A. 4 0 )*  su sp e n s io n  o f  a 48 hour c u ltu r e  

o f B a c t. tu la r e n s e  in  s a l in e  s o lu t io n .

The c u ltu r e s  were in cu b ated  fo r  120 hou rs  

a t 37° C. and th e  t u r b i d i t i e s  in  18 mm. tu b es

*  M.A. i s  an a b b r e v ia t io n  fo r  “m icroam peres,"  and 
r e p r e s e n ts  a measurement o f  th e  e l e c t r i c  cu rren t  
produced in  a p h o to e le c t r ic  c e l l  a c t iv a te d  by  
l i g h t  r e f l e c t e d  from p a r t i c l e s  in  su sp e n s io n . 
In cr ea sed  tu r b id it y  o f  a su sp e n s io n  in c r e a se d  
M.A.
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were record ed  In M.A. by means o f  a p h o t o e le c t r ic  

t u r b id it y  com parator. Each c u ltu r e  was examined  

m ic r o s c o p ic a lly  fo r  con tam in ation  and shown to  be 

pure® The 10 ml® c u ltu r e  showed bu t l i t t l e  

growth,, and th e  e v a p o r a tio n  du rin g th e  f i v e  day 

in c u b a tio n  p er io d  had l e f t  b a r e ly  h a l f  o f  th e  

o r ig in a l  amount o f  medium. The rem ain in g  medium 

was h ig h ly  co n cen tra ted  w ith  r e s p e c t  t o  non­

v o l a t i l e  c o n s t i t u e n t s .

The 50 m l. b o t t l e  showed by f a r  th e  b e s t  

grow th . See ta b le  I .

I t  was o b v io u s th a t  50 m l. o f  medium was 

th e  o p tim a l volume fo r  th e s e  b o t t l e s .  The curve 

( f ig u r e  1 )  formed by p lo t t in g  m icroam peres (M .A.) 

a g a in s t  volume shows g r a p h ic a lly  a r i s e  t o  a  peak a t  

50 ml® o f  medium and a r a p id  drop in  th e  amount o f  

growth produced in  th e  75 m l. and 100 m l. vo lum es.

T h is  e x p e r ien ce  su p p lie d  a rea so n  fo r  th e  

f a i lu r e  o f  th e  form er c u ltu r e s  to  grow. I t  may 

be n oted  th a t  th e  r a t io s  o f  th e  su r fa c e  cure a in  

square c e n tim e te r s  to  th e  volume in  m i l l i l i t e r s  

in  th e  b o t t l e s  were: 8 .2 5 : 1 ,  3 .3 : 1 ,  1 .6 5 : 1 ,  1 .1 :1

and 1 :1 .2 1  in  th e  1 0 .0 ,  2 5 .0 ,  5 0 .0 ,  7 5 .0  and 1 0 0 .0  

m l. volum es o f  medium, r e s p e c t iv e ly .  I t  i s  e v id en t  

t h a t  th e  optim al r a t i o ,  sq . era s .:m l.) i s  near  

1 .6 5 : 1 .  A volume o f  3 p 0 0 .0  m l. o f  medium w ould, 

a t  t h i s  r a t i o ,  r e q u ir e  4 ,9 5 0  sq . cm. su r fa c e  area
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T able I

V o l. o f  V o l. o f  M.A. a f t e r
B o t t le  Medium Inoculum 120 H rs. B a tio

No. Ml. Ml. In cu b ation  Sq. Cm ./Vol. Ml.

1 10o0 0 .1 0 1 8 . 25! 1

2 25*0 0 .2 5 50 3 . 3 0 i l

3 50*0 0*50 67 1 .6 5 * 1

4 7 5 . 0 0 ,  75 40 1 .1 0 : 1

5 100*0 1 .0 0 2 7 .5 1 : 1 .2 1

M u lt ip l ic a t io n  o f  B acterium  tu la r e n s e  

a t V ariou s R a tio s  o f  Surface  

to  Volume
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fo r  op tim al grow th , w hereas th e r e  were but an 

estim a te d  455 sq . cm. a v a ila b le  in  th e  s i x - l i t e r  

v e s s e l  u sed , or  a r a t io  o f  1 sq . cm. o f  su r fa ce  

area  per 1 0 .9  m l. o f  medium.

Methods fo r  grow ing B a c t , tu la r e n s e  to  

o b ta in  a la r g e  amount o f  m a te r ia l f o r  s tu d y  were 

s t i l l  u n s a t i s f a c t o r y .  During a number o f  weeks 

w h ile  th e  method was in  u se  th e  t u r b i d i t i e s  o f  

c u ltu r e s  n ev er  exceed ed  85  M.A. Large q u a n t i t i e s  

o f  media n e c e s s i t a t e d  th e  h a n d lin g  o f  to o  many 

b o t t le s , ,  r en d e r in g  th e  method slow  and cumbersome.

A ll organism s were h a r v e s te d  by c e n tr i f u g a t io n  

d u rin g  th e se  p r e lim in a r y  in v e s t ig a t io n s .  A fte r  

th e  su p ern atan t had been p ip e t t e d  o f f  th e  organism s 

were suspended in  sm a ll amounts o f  s a l t  s o lu t io n  

and p r e c ip i t a t e d  by th e  a d d it io n  o f  eq u a l volum es 

o f  a c e to n e . A sh o r t  c e n tr i fu g a t io n  sep ara ted  th e  

organism s from th e  f l u i d .  The su p ern atan t was 

d eca n ted , th e  c e n tr i fu g a te  washed once w ith  a c e to n e ,  

and removed t o  a sm all b ea k er . T h is was p la c e d  in  

a vacuum d e s ic c a to r  over anhydrous ca lc iu m  s u l f a t e  

and h e ld  a t  10 to  15 mm. Hg p ressu re  f o r  24 h o u rs . 

The organism s d r ie d  to  a  w h ite  amorphous su b sta n c e , 

and were s to r e d  over  anhydrous ca lc iu m  s u lfa t e  

u n t i l  a  method fo r  a ceto n e  e x tr a c t io n  was in ­

v e s t ig a t e d .

The e v id e n t  in h ib it in g  f a c to r  en cou n tered  in
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mass c u ltu r e  c u l t iv a t io n  o f  t h i s  organism  was th e  

la c k  o f  a e r a t io n  in  th e  deep cu ltures,*  Forced  

a e r a t io n  o f  th e  c u ltu r e s  would g r e a t ly  f a c i l i t a t e  

th e  e n t ir e  procedure by c o n c e n tr a tin g  th e  c u ltu r e  

in to  one v e s s e l  and, i f  la c k  o f  oxygen were th e  

o n ly  impeding f a c t o r , th e  volume o f  any c u ltu r e  

would be l im it e d  o n ly  by th e  s i z e  o f  a v a ila b le  

g l a s s  v e s s e ls , ,  and a means o f  s t e r i l i z i n g  

them.

C onsequently two l i t e r s  o f  th e  same medium 

were prepared in  a s i x - l i t e r  F lo ren ce  f l a s k .  An 

a e r a to r , c o n s is t in g  e s s e n t i a l l y  o f  a g la s s  tube  

w hich had a bu lb  a t one end to  c o n ta in  s t e r i l e  

c o tto n  fo r  f i l t e r i n g  th e  a i r ,  and which was open 

a t  th e  o th e r , was in s e r te d  through th e  c o tto n  

sto p p er  in  th e  mouth o f  th e  f l a s k .  I t  ex tend ed  

to  w ith in  0 .5  cm. o f  the bottom  o f  th e  f l a s k .  The 

f l a s k ,  medium and a e r a to r  were s t e r i l i z e d  to g e th e r  

in  th e  a u to c la v e  a t  10 pounds p r e ssu re  fo r  20 

m in u tes. The medium was in o c u la te d  w ith  one 24 

hour DCBA s la n t  c u ltu r e  o f  B act. tu la r e n s e  su s­

pended in  s a l in e  s o lu t io n .  A era tion  was begun 

im m ediately  and con tin u ed  during an in cu b a tio n  

p e r io d  o f  3 d a y s.

The r e s u l t s ,  though n o t as good as had been  

e x p e c ted , were en o o u ra g in g ly  b e t t e r .  The p o s s i ­

b i l i t i e s  o f fo rc ed  a e r a t io n  tech n iq u e  fo r  su p p ly ­

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-1 2 -

ing  th e  req u ired  oxygen to  the organism s were 

fu r th e r  in v e s t ig a te d *

A c r i t i c a l  exa m in a tio n  o f  th e  apparatus and 

methods o f  the ex p er im en ta l \vork up to  t h i s  tim e  

in d ic a te d  th a t  the c h ie f  d i f f i c u l t i e s  h ith e r to  

encountered  were due to s

1 . The bu lk  o f  the medium was to o  la rg e  fo r  

t h i s  type o f  a e r a to r . The a ir  em itted  from th e  

com p arative ly  la r g e  end opening r o se  to  the  

su r fa c e  im m ediately  around the conductor as 

sep arate  la r g e  b u b b les , and the medium in  th e  

o u ter  c ircu m feren ce o f  the f la s k  was d istu rb ed  

v e ry  l i t t l e .  A era tio n  in  t h i s  o u te r  area  was 

p robab ly  not e x te n s iv e  enough to  support rap id  

rep ro d u ctio n  o f  th e  organism .

2 . The s iz e  o f  th e  bu bbles was to o  la r g e ,  

and i t  was deemed probab le  th a t  i f  th e  bu bbles  

were broken up , i f  th ere  were se v e r a l hundred 

in  p la c e  o f  on e , th e r e  would be a fa r  g r e a te r  

a ir  su r fa c e  p r e sen ted  to  the l iq u id .

3 . A lthough i t  was unknown w hether a g ita ­

t io n  w ith  a e r a t io n  would c o n tr ib u te  to  or 

d e tr a c t  from op tim al c o n d it io n s  i t  seemed 

probable th a t  shaking th e  medium would g iv e  

more organism s g r e a te r  o p p o rtu n ity  fo r  co n ta c t  

w ith  more m o lecu les  o f  g a s .

S tep s were tak en  to  improve th e  ap p ara tu s.
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The c o n ta in e r  fo r  th e  medium was changed from 

th e  F lo ren ce  f la s k  to  a t a l l ,  t e s t  tube shaped  

c y lin d e r  o f  ap p rox im ate ly  2 l i t e r s  ca p a c ity *

A ir le d  to  th e  bottom  o f  th e  c y lin d e r  by th e  

con d u ctin g  tub e would d is p e r se  through  much o f  

th e  l iq u id  du rin g  i t s  passage from th e  bottom  

to  th e  top®

An a e ra to r  was d e v ise d  which would spray  

t in y  bu bb les in to  th e  medium in  two to  fou r  

d ir e c t io n s .  T h is  a e r a to r  was e s s e n t i a l l y  the  

same g la s s  tube used  b e fo re  but th e  end o f  the  

tube was c lo s e d . Two t o  fou r h o le s  o f  m icro” 

s c o p ic  s i z e  were blown in to  th e  c lo s e d  end.

A ir fo rced  through th e s e  m inute h o le s  a t  h igh  

p ressu re  produced m yriads o f  minute b u b b les .

A g ita t io n  o f  th e  medium in  a d d it io n  to  

t h i s  v ig o ro u s  a e r a t io n  was beyond c o n tr o l .

T his ap p aratu s and a e r a t io n  tech n iq u e  were 

t e s t e d  fo r  s e v e r a l  w eeks. E xp erien ce  soon  

proved th a t  i f  th e  a e r a to r s  were s t e r i l i z e d  

in  the medium the t in y  a ir  o u t l e t s  were o f t e n  

occlu d ed . S t e r i l i z a t i o n  in  se p a r a te  c y lin d e r s  

w ith  tr a n s fe r  to  th e  c u ltu r e s  o n ly  when a e r a t io n  

was to  b eg in  so lv e d  t h i s  problem . To f a c i l i t a t e  

th e  tr a n s fe r  o f  th e  a e r a to r s ,  and a t th e  same 

tim e to  m inim ize th e  p o s s i b i l i t y  o f  contam ina” 

t i o n ,  a s p e c ia l  p lu g  was d esig n ed  to  c lo s e  th e
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mouths o f  th e  cy lin d ers®

The c lo s e d  ends o f  stan dard  t e s t  tu b es  were 

cut o f f  to  form  open cy lin d ers®  Two sm all f la n g e s  

were formed on th e  s id e s  o f  th e s e  tubes® Each 

tube was th e n  r o l l e d  in to  th e  c en te r  o f  a c o tto n  

p lu g  which would f i t  a c u ltu r e  c y l in d e r ,  and was 

s e c u r e ly  t i e d  in to  p o s i t i o n  w ith  str ing®  The en­

t i r e  p lu g  was covered  w ith  c h e e s e c lo th  to  avo id  

e x c e s s iv e  con tam in ation  o f  the medium w ith  c o tto n  

lin t®  The ends o f  th e  c e n tr a l  tube were a llo w ed  

to  p ro tru d e ap p rox im ately  1^ in c h e s  from each end  

o f  th e  plug® When t h i s  typ e o f  sto p p er  was f i t t e d  

in to  th e  c u ltu r e  c y l in d e r s  th e  c e n tr a l  tube fu r ­

n ish e d  a sm all op en in g  which co u ld  be r e a d i ly  

flam ed during t r a n s f e r s  o f  inoculum  and aerators®

C See f  ig u re  2 . )

The medium tinder oon tin u ed  stu d y  by Gibby 

( 1 4 ) ,  (1 5 ) had been  s im p l i f ie d  in  co m p o sitio n  

as fo l lo w s :

1 . G e la t in  H yd ro lyza te  2®0 per cen t

2 . C ystin e 0 .0 1 «

3 . G ly c er in e 0 .5 0 H n

4 . Sodium C h lor id e 0 .7 0 tt ii

5® B lood  C e ll  E x tra ct 1 0 .0 n H

6 . D i s t i l l e d  W ater to  volume

Two l i t e r s  o f  t h i s  medium were d iv id e d  in
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equal p o r t io n s  among 3 cy lin d er s*  These were 
plugged w ith  th e  s p e c ia l  s to p p e rs  and s t e r i l i s e d  

at 10 pounds p r essu re  fo r  20 minutes®

A fter  cooling*, th e  medium was in o c u la te d  

w ith  a 24 hour c u ltu r e  o f  B a c t. tu larenas®  Each 

c y lin d e r  r e c e iv e d  th e  w ash ings o f  1 meat in fu s io n  

c y s t in e  g lu c o se  g ly c e r in e  b lood  agar (DCGBA) 

s la n t  c u ltu r e  suspended in  s a l in e  so lu tion ®

A fter  four hours® in c u b a tio n  th e  a e r a to r s  

were tr a n s fe r r e d  a s e p t i c a l ly  t o  th e  c u ltu r e  c y l ­

in d e r s  and a e r a t io n  begun immediately® A ir was 

su p p lie d  by th e  h o s p i t a l  compressed a ir  l i n e s .  

B efore  rea ch in g  th e  medium th e  a ir  was w e ll  washed 

through 2 b o t t l e s  o f  d i s t i l l e d  water® A trap  

to  remove w ater w hich might have sp la sh e d  in to  

th e  a ir  l i n e s  was in te r p o se d  betw een th e  wash 

b o t t l e s  and th e  aerators®  S t e r i l e  c o tto n  f i l t e r s  

in  the a e r a to r s  served  to  f i l t e r  out any rem ain­

in g  sp o res  or bacteria®

In cu b ation  and a e r a t io n  con tin u ed  fo r  72 

hours®

G en era lly  th e  r e s u l t s  o f  t h i s  c u ltu r e  method 

were good, even  though th e  d egree o f  m u lt ip l ic a ­

t io n  v a r ie d  from c u ltu r e  to  culture®  Table I I  

l i s t s  th e  r e s u l t s  o f  8 b a tc h e s  grown during 5 

w eeks. The II*A* r ea d in g s  were made in  standard  

18 mm. t e s t  tubes® The dry w eight o f  th e  organism s
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T able I I  

F in a l
iltu r®
No.

Amt. o f  
Medium

T u rb id ity
M.A.

Dry2
W eights

1 2 L 87 0 .6401

2 2 L 135 0 .6 3 0 1

3* 2 L 810

41 2 L 218

5 6 L 124 1 .1 2 4 0

6 2 L 155 0 .9 8 6 0

7 1 .6 6  L 155 0 .6 6 6 2

8 1 .0 0  L 175 0 .5 5 6 2

,/sv-
0 .6 4 0 1

0 .8 3 0 1

0 . 3747  

0 .9 8 6 0  

1 .0 4 3 6  

1 .1 1 2 4

1 C u ltu res were used  fo r  v a c c in e  and were never  
d r ie d . T h e r e fo r e , d ry  w e ig h ts  are n o t g iv e n .

O
Dry w eight r e p r e s e n ts  th e  t o t a l  w eigh t o f  th e  
a c e to n e .t r e a te d  and d e s ic c a te d  organism s grown 
in  th e  amount o f  medium g iv e n .

3 E q u iv a len t dry w eigh t eq u a tes a l l  dry w e ig h ts  
to  dry w eigh t per 2 l i t e r s  o f  medium.

grow th o f  Bacterium  tu la r e n s e  by 

th e  A era tio n  Method
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r e p r e se n ts  th e  t o t a l  d e s ic c a te d  r e s id u e  o f  a ce to n e  

e x tr a c te d  organism s per cu ltu r e*  The t o t a l  dry  

w eigh t o f  each  c u ltu r e  b a tch  has been  equated  to  

th e  dry w e ig h t per 8 l i t e r s  o f  c u ltu r e  to  i l l u s t r a t e  

th e  wide v a r ia t io n  in  y i e l d  under a s n e a r ly  c o n sta n t  

c o n d it io n s  o f  com parable inoculum* a era tio n *  and 

in c u b a tio n  a s was p o s s ib le *

O b v iou sly  t h i s  method was by fa r  th e  most s u c c e s s ­

f u l  y e t  a ttem p ted . I t  was em ployed fo r  some tim e*  

and much o f  th e  m a ter ia l u sed  in  subsequent f r a c ­

t io n a t io n  exp erim en ts was o b ta in e d  by t h i s  te c h n iq u e .

There were some s e r io u s  o b je c t io n s  t o  t h i s  

method. Foaming was u n c o n tr o l la b le .  I t  was u n d e s ir a ­

b le  to  have th e  c o tto n  p lu g s  sa tu r a te d  w ith  m o istu re  

c a r r ie d  to  them as foam. U lt im a te ly  s e v e r a l c u ltu r e s  

became contam inated  owing to  t h i s  d e f e c t .

The volume o f  th e  t a l l  v e s s e l s  was n o t g r e a t .

The foam ing problem  was p a r t i a l l y  c o n tr o lle d  by r e ­

ducing th e  volume t o  2 /3  l i t e r  b u t t h i s  n e c e s s i ta t e d  

more tu b e s  fo r  the same q u a n tity  o f  medium* and an 

e q u iv a le n t  in c r e a se  in  tu b es fo r  s t e r i l i z a t i o n  o f  

th e  a e r a to r s . These o b je c t io n s  added to  the i r ­

r e g u la r i t y  in  c u ltu r e  y ie ld s  s t im u la te d  fu r th e r  

sea rch  fo r  a  b e t t e r  method o f  a e r a t io n .

A era tio n  o f  c u ltu r e  medium i s  w e ll  accom p lish ed  

by sh a k in g . Gibby (1 5 ) record ed  a s ig n i f i c a n t  in -
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c re a se  in  growth o f  Bact® tu la r e n se  due t o  th e  

in te r m it te n t  shaking in c id e n t  to  tu r b id it y  de­

term inations®  I f  r ea d in g s  were made ev ery  4 

hours th e  d e n s ity  o f  c u ltu r e s  in c r e a se d  more 

r a p id ly  than  i f  th e y  were made ev ery  8 hours®

A s e r i e s  o f  shaken c u ltu r e s  was attem pted  in  

order to  e x p lo i t  th e  v a lu e  o f  th e s e  observa­

tions®  The r e s u l t s  were so  good th a t  th e  shaken 

c u ltu r e  became th e  stan dard  mass c u ltu r e  te c h ­

nique® A s im p li f ie d  and r e l ia b le  mass c u ltu r e  

tech n iq u e  was e v e n tu a lly  developed® A d e s c r ip ­

t io n  o f  t h i s  techn iqu e fo l lo w s :

per l i t e r  o f
7sedium

1® Soybean H ydrolyzate q . s .  t o  make N 3 .0  gms®

2® C ystin e  0*1 gnu

3® G ly cer in e  5®0 m l.

4 . NaCl ( t o t a l )  1 5 .0  gms.

5 . B lood C e ll  E x tra ct (d eh yd rated ) 2 .5  gms.

6 . D i s t i l l e d  Water q.s®

S u f f ic ie n t  h y d ro ly za te  was added to  bring  th e  

f i n a l  n itr o g e n  co n ten t to  300 mg. per 100 ml. o f  

medium.

F if t e e n  grams o f  NaCl r e p r e se n ts  th e  t o t a l  

c h lo r id e , accom plished  by adding enough NaCl to  

th a t  a lre a d y  p resen t In  th e  h yd ro lyza te  to  b r in g
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th e  c h lo r id e  c o n ten t o f  th e  medium t o  1«5&

The M ood c e l l  e x tr a c t  was dehydrated  from  

th e  fro z en  s t a t e  by th e  ly o p h ile  p r o c e s s  o f  

F lo sd o r f  and Mudd ( 2 5 ) ,

The soybean h y d ro ly z a te  was prepared from  

com m ercial Ortho P r o te in  S, O rtho P r o te in  

i s  a  soybean meal product com m ercia lly  a v a i la b le  

and produced by The B ra ck ett Company, C in c in n a t i,  

O hio, The m anufacturer d e sc r ib e d  th e  p re p a r a tio n  

o f  th e  meal a s  fo llo w s s

“Soybeans are  crushed and th e  o i l  ex­

t r a c t e d  from them by means o f  a hydro­

carbon “H exane” s o lv e n t .  The r e s u l t in g  

o i l - f r e e  meal i s  t r e a te d  w ith  an a lk a ­

l in e  s a l t  s o lu t io n  which e x t r a c t s  th e  

Ortho P r o te in , The a lk a l in e  s o lu t io n  

a f t e r  proper c l a r i f i c a t i o n  i s  tr e a te d  

w ith  an a c id  which p r e c i p i t a t e s  ou t  

th e  p r o te in  in  a form v e r y  s im ila r  to  

c o tta g e  c h e e se . T h is  curd i s  d r ied  

and p u lv e r iz e d  in to  th e  m a te r ia l o f  

which t h i s  sample i s  com posed ,*

(E xcerp t from a l e t t e r  from R, A,

B oyer, D ir e c to r  o f  S c i e n t i f i c  R esearch ,

The D rack ett Company.)

The h y d ro ly z a te  o f  t h i s  meal was a t  f i r s t
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prepared  accord in g  t o  th e  method o f  .W illia m s  

(16)® I t  was soon ohs©nred th a t  upon .s ta n d -, : • 

in g  a t r e f r ig e r a t o r  tem p eratu re , and a t pH 3o0 ,  

a t  which pH the m a te r ia l had been d e c o lo r is e d  

w ith  charcoals, a w h ite  c r y s t a l l in e  p r e c ip i t a t e  

sep a ra ted  from so lu tion®  The c r y s t a l l in e  

s tr u c tu r e  and th e  s o l u b i l i t y  c h a r a c t e r i s t i c s  

o f  t h i s  su b stan ce  su g g e s te d  th a t  i t  was l a r g e ly  

t y r o s in e .  I t  was soon apparent th a t  t h i s  w h ite  

c r y s t a l l in e  m a ter ia l was d e tr im e n ta l t o  th e  

grow th o f  B a c t. tu la r e n se  i f  i t  was a llow ed  to  

rem ain in  th e  hydrolyzate®  S tep s were th e r e ­

fo r e  tak en  to  c o n tr o l p r e c ip i t a t io n ,  and to  

remove from th e  h y d ro ly z a te  a l l  or m ost o f  th e  

compound or compounds th a t  formed th e  p r e c ip ita te ®  

During p r e p a r a tio n  o f  th e  h y d ro ly za te  a cco rd in g  

t o  W illiam s® method i t  i s  co n cen tra ted  tw ic e  

in  vacuo t o  a th ic k  syrupy c o n s is te n c y  to  remove 

e x c e s s  HC1« A fter  each  c o n c e n tr a tio n  th e  

r e s id u e  i s  r e s to r e d  w ith  w ater to  th e  o r ig in a l  

volume® In order to  p r e c ip i t a t e  th e  m a te r ia l  

d e sc r ib e d  above th e  r e s id u e  was r e s to r e d  to  

£  volum e a f t e r  th e  second  c o n c e n tr a t io n , th e  pH 

a d ju ste d  to  3®0 , th e  humus c le a r e d  w ith  c h a r c o a l,  

and th e  m a ter ia l p la c e d  in  th e  c o ld  room over  

n ig h t*  A volum inous p r e c ip it a t e  form ed by
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morning® A fte r  f i l t r a t i o n  the m a te r ia l was 

r e s to r e d  t o  volume w ith  w a ter , d e c o lo r iz e d  a  

second tim e w ith  c h a r c o a l, and f i n a l l y  con­

c e n tr a te d  in  vacuo to  is volume fo r  storage®

At r e f r ig e r a t o r  tem p eratu res th e r e  was no 

fu r th e r  p r e c ip i t a t io n  or c r y s t a l l i z a t i o n  ©f 

in s o lu b le  compounds® Media compounded w ith  

soybean h y d ro ly z a te  prepared by t h i s  method 

y ie ld e d  abundant growth o f  Bact® tularenas®  

Comparative t r i a l s  w ith  g e la t in  h y d ro ly za te  

and soybean h y d ro ly za te  showed th e  soybean  

h y d ro ly za te  to  be su p er io r  fo r  mass c u ltu r e  

purposes®

Mass c u ltu r e s  were grown in  2 l i t e r  

l o t s  co n ta in ed  in  s i x - l i t e r  F loren ce  flasks®  

In o cu la  c o n s is te d  o f  organism s washed from  

th r ee  or fo u r  24 hour DCBA slants®  Twenty- 

fou r h o u rs’ in c u b a tio n  was s u f f i c i e n t  to  

reach  a lm ost maximum growth i f  th e  g a s e s  were 

c o n tin u o u s ly  exchanged, and i f  th e  c u ltu r e  

were c o n tin u o u s ly  shaken® To accom p lish  an 

e f f i c i e n t  exchange o f  g a s e s ,  a ir  was b le d  in to  

the f l a s k  v ia  a g la s s  tube which exten d ed  

through a rubber stopper a t  the mouth o f  th e  

c u ltu r e  flask®  The tu b e , f i t t e d  w ith  a s t e r i l e  

c o tto n  f i l t e r ,  le d  th e  incom ing a ir  to  w ith in

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



21

4 or 5 in ch es  o f  th e  su rfa ce  o f  the medium,, The 

sto p p er  was p e r fo r a te d  a t a second p la c e  and 

f i t t e d  w ith  a la r g e r  g la s s  tub® p lu gged  w ith  

cotton *  T h is  tube f a c i l i t a t e d  in o c u la t io n  o f  

th e  medium, and p erm itted  th e  escap e o f  g a se s  

as th e y  accum ulated over th e  cu ltu re*  A tw o- 

l i t e r  l o t  y ie ld e d  an average o f  1 ,5  to  2 ,5  gms, 

o f  aceton e d r ied  organ ism s, (F ig u re  3 . )

Table I I I  in d ic a t e s  th e  y i e ld s  th a t  were 

ob ta in ed  from severed  c u l tu r e s .  Most c u ltu r e s  

were tr e a te d  w ith  phenol and con verted  in to  

p r o p h y la c t ic  v a c c in e . The dry w eigh t o f  th e  

y i e l d s  fo r  th o se  c u ltu r e s  w as, th e r e f o r e ,  not  

o b ta in ed . I t  w i l l  be n o ted  th a t  th e re  was con­

s id e r a b le  v a r ia t io n  among y i e ld s  in  r e la t io n  to  

e ith e r  in c u b a tio n  tim e. T h is  cannot be e x p la in e d .  

G reat care was e x e r c is e d  t o  ensu re th a t  m edia, 

in o c u la , and in cu b a tio n  t im e s  were un iform .

Some o f  th e  i r r e g u la r i t y  may be a t tr ib u te d  t o  a 

phenomenon n o ted  by Gibby ( 1 5 ) ,  th a t  th e  l i g h t  

r e f l e c t io n  p r o p e r t ie s  o f  B a c t, tu la r e n s e  in  

su sp en sio n  change during con tin u ed  m u lt ip l ic a ­

t io n ,  O ften  equal numbers o f  organism s per  

m i l l i l i t e r  o f  medium gave w id e ly  d isc r e p a n t  

r ea d in g s  on the tu r b id ity  com parator, prob ab ly  

due to  d i f f e r e n t  s i z e s  o f th e  preponderant 

number o f  c e l l s  among th e  v a r io u s  c u ltu r e s .
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C u ltu re In cu b a tio n  C u ltu re Dry Wt.
No« Hra» L i t e r s  M„ A» Gmâ

1 48  2.0  210 1 . 51

2 48 2 ,0  192 la  89

3 48 2«0 240 2 .3 5

4 48 2 .0  245

5 24 2 .0  192

6 24 2 .0  228

7 48 2 .0  204

8 24 2 .0  440

«

E xten t o f  M u lt ip l ic a t io n  o f  

B acterium  tu la r e n a e  

in  Shaken C u ltu re
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Shaken C ulture A e ra tio n Apparatus
«*

F igu re 3_
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P a rt I I

Doches and Avery (1 7 ) i s o la t e d  from f i l ­

t r a t e s  o f  c u ltu r e  media th e  p o ly sa c c h a r id e s  

th a t  con fer  a n t ig e n ic  s p e c i f i c i t y  upon pneu­

mococcus types* S in ce  any organism  may 

l ib e r a t e  a n t ig e n ic  su b sta n c es  c u ltu r e  medium 

f i l t r a t e s  o f  Bacto tu la r e n s e  were in v e s t ig a te d  

fo r  the p resen ce  o f  so lu b le  a n t ig e n ic  su bstances*  

A sample o f  medium from which b a c te r ia  

had been sedim ented by c e n tr ifu g a t io n  was 

f i l t e r e d  through a s in te r e d  g la s s  f i l t e r .

The f i l t r a t e  was t e s t e d  fo r  th e  p resen ce  

o f a n t ig e n ic  su b sta n ces  a s  fo llo w s :

S e r ia l  d i lu t io n s  o f  th e  f i l t r a t e  were 

made in  4 mm. tu b es  to  a f i n a l  d i lu t io n  o f  

1 :1 5 ,6 2 5  in  s a l in e  s o lu t io n .  Each d i lu t io n  

was 5 t im e s  g r e a te r  th an  th e  p reced in g  on e .

A p o r t io n  o f  each  d i lu t io n  was la y ed  over  

antiserum  to  form a  sharp in te r fa c e  betw een  

the l iq u i d s .  The tu b es were incub ated  fo r  

60 m inutes a t  3 7 .5 ° C. O b serv a tio n s were mad© 

a t 30 and a t  60 m inutes t o  d isc o v e r  p r e c ip i­

t a t e s  a t  the in t e r f a c e s .  The experim ent was 

c o n tr o lle d  by o v e r la y in g  antiserum  w ith  s a l t  

s o lu t io n .

As a fu r th e r  t e s t  th e  antiserum  and th e
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d i lu t e d  f i l t r a t e  in  each  tube were mixed by 

v ig o r o u s  sh ak in g , th e  tu b e s  in cu b ated  fo r  

an oth er  30 m in u tes, and th e n  r e f r ig e r a te d  

over n ig h t* O b serv a tio n s were made th e  

fo l lo w in g  morning.

Ho p r e c ip i t a t io n  o ccu rred  in  any d i lu ­

t i o n ,  and th e  c o n tr o l was a ls o  n e g a t iv e .

A 100 m l. p o r t io n  o f  th e  f i l t e r e d  c u l­

tu r e  su pernatant was t r e a te d  w ith  2 volum es 

o f  c o ld  e th y l  a lc o h o l and r e fr ig e r a te d  over  

n ig h t .  The f lo c c u le n t  p r e c ip i t a t e  was 

c e n tr ifu g e d  down and th e  su p ern atan t was 

d ecan ted . The c e n tr ifu g a te  was washed 

once w ith  c o ld  a lc o h o l .

The p r e c ip i t a t e  was th en  tak en  up in  

w ater w ith o u t having b een  a llow ed  t o  d ry . 

Much o f  i t  went in to  s o lu t io n  but a f t e r  

c e n tr i fu g a t io n  ap p rox im ate ly  h a l f  o f  the  

o r ig in a l  r e s id u e  was thrown down as an 

in s o lu b le  m a te r ia l .  That which went in to  

s o lu t io n  was t e s t e d  fo r  p r e c ip i t a b le  sub­

s ta n c e s  a s  d e sc r ib ed  above.

The f i r s t  su p ern a ta n t, and the a lc o h o l  

from th e  subsequent w a sh in g s, were poo led  

and th e  a lc o h o l removed by d i s t i l l a t i o n  

in  vacu o . The rem aining s o lu t io n  was a ls o

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



" 24 ->

t e s t e d  a s d e sc r ib e d  above.

Mo p r e c ip i t a t io n  occu rred  in  any d i lu t io n  

o f  e i t h e r  th e  a lc o h o l s o lu b le  o r  a lc o h o l  

in s o lu b le  f r a c t io n s  o f  th e  c u ltu r e  su pern atant*

During in v e s t ig a t io n s  in to  th e  p r o d u ctio n  

and t e s t in g  o f  v a c c in e s  i t  was ob served  th a t  

B a c t. tu la r e n se  in  th e  soybean h y d r o ly z a te  

medium was n o t  a g g lu t in a te d  by hom ologous 

immune serum . T h is  was tr u e  a ls o  fo r  organ ism s  

which had been c e n tr ifu g e d  from l iq u id  c u l t u r e s .  

However, a f t e r  th e s e  organism s w ere washed, or  

a f t e r  a su sp en sio n  o f  organism s in  l iq u id  medium 

was d ia ly z e d , th e y  were r e a d i ly  a g g lu t in a te d  by  

immune serum.

The mechanisms o f  a g g lu t in a t io n  and p r e c ip i ­

t a t i o n  are e s s e n t i a l l y  th e  same. Hence i t  was 

reason ed  th a t  th e  p r e c ip i t a t io n  p ro ced u res  u sed  

m ight have been in ad eq uate t o  prove th e  absence  

or p resen ce  o f  a su b stan ce  in  th e  c u ltu r e  su p er-  

n a te  w hich would combine w ith  a n tib o d y . Conse­

q u e n tly  th e  fo l lo w in g  m o d if ic a t io n s  were d e v ise d  

to  s a t i s f y  th e  req u irem en ts imposed by t h e s e  

c o n d it io n s .

At the tim e o f  h a r v e s t in g  a  2 l i t e r  c u ltu r e  

50 m l. o f  su p ern atan t were w ithdraw n and f i l t e r e d  

through  a v e r y  f in e  s in te r e d  g l a s s  f i l t e r  t o  fr e e
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i t  o f  p a r t ic u la te  m atter  and to  make i t  s a fe  fo r  

fr e e  m anipulation* The supern atant was p la ced  

in  a V isk in g  c e llo p h a n e  sa c  and d ia ly z e d  fo r  

24 hours in  running ta p  w a ter . T h erea fter  th e  

m a ter ia l rem aining in  th e  sa c  was t e s t e d  fo r  

p r e c ip ita b le  su b sta n c es  by th e  u su a l methods*

At th e  tim e t h i s  work was done 5 e x p e r ien ce  had 

proven th a t  the d i a l y s i s  procedure was l e g i t im a t e .

A f a i n t l y  v i s i b l e  r e a c t io n  a t  d i lu t io n s  o f  

1 :2  and 1 :5  occu rred  a f t e r  50 m in u tes' incuba­

t io n ;  a f t e r  1 h o u r 's  in cu b a tio n  th e r e  was no 

fu r th e r  d e te c ta b le  change.

Thorough m ixing and r e f r ig e r a t io n  over  

n ig h t  confirm ed th e s e  o b se r v a tio n s;  sedim ent 

appeared o n ly  in  th e  1 :2  and 1 :5  d i lu t io n s .

T h is procedure was r ep ea ted  w ith  c u ltu r e  

su pernatant a f t e r  th e  c u ltu r e  had been a llo w ed  

to  stand a t room tem perature fo r  3 weeks to  

a llo w  tim e fo r  a u t o ly s i s  to  occur i f  the organ­

ism produced an a u t o ly t i c  enzyme* The r e s u l t s  

were unchanged. P r e c ip i t a t e s  appeared a t  

d i lu t io n s  o f  1 :2  and 1 :5 .

I t  was coneluded  th a t  v e r y  l i t t l e  a n t ig e n ic  

m a te r ia l was formed by Bact* tu la r e n s e  in  l iq u id  

c u l t u r e s ,  and th a t  an a p p rec ia b le  amount o f  

a u t o ly s i s  d e te c ta b le  by t h i s  method d id  n ot oocur*
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R a is tr ic k  and TopXey (1 8)„ Morgan (1 9 ) ,  

and Freeman, C h a llln o r  and W ilson (2 0 ) during  

s tu d ie s  o f  a s im ila r  natu re on E b e r th e lla  

ty p h o sa , Bacterium d y s e n te r ia e , and S a lm on ella  

typhimurium r e s p e c t iv e ly ,  f i r s t  su b je c te d  th e  

r e s p e c t iv e  organism s to  aceton e  e x tr a c t io n  to  

remove su b stan ces o f  l ip o id  n a tu re ,

A p i lo t  a ceto n e  e x tr a c t io n  experim ent 

was conducted on th e  f i r s t  h a rv ested  crop o f  

B act, tu la r e n se  t o  n o te  the e f f e c t  o f  aceton e  

on the a n t ig e n ic i t y  o f  the c e l l s  in  v iv o .  

E x tr a c tio n  to  2 d egrees o f  in t e n s i t y  

were in v e s t ig a te d  in  order to  approxim ate an 

optim al e x tr a c t io n  method* A sample o f  a ceto n e  

d ried  organism s was d iv id e d  app roxim ately  in to  

2 equal p a r ts . One was p la ced  in  a S o x h le t  

e x tr a c to r  and e x tr a c te d  w ith  aceton e  fo r  24 

h ou rs. The o th er  was p laced  in  a c e n tr ifu g e  

b o t t l e  w ith  25 to  30 ml* o f  aceton e and 

incub ated  fo r  24 hours a t 37°C. During t h i s  

in t e r v a l  th e  b o t t le  was shaken fr e q u e n t ly .

Upon com p letion  o f  e x tr a c t io n  th e  sam ples 

were d r ied  in  vacuo over  anhydrous calcium  

s u l fa t e  a t reduced p r e ssu r e .

Three r a b b its  were chosen a t  random from  

the s to c k  a n im a ls , numbered, and a sample o f
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b lood  tak en  from each  a s  a c o n tr o l to  t e s t  fo r  

the p resen ce  o f  a n titu la r e m se  agg lu tin in s®

Each anim al was t r e a t e d  a s  fo l lo w s ;

R abbit No® 1 r e c e iv e d  subcutaneous in j e c ­

t io n s  o f  a su sp en s io n  o f  c e l l s  o f  B act. tu la r e n s e  

which had been tr e a te d  w ith  a ce to n e  a t 37°0o f o r  

24 h ou rs. The in j e o t io n s  were ad m in istered  on  

th e  f i r s t ,  t h ir d ,  and f i f t h  days o f  5 c o n s e c u t iv e  

days in  d o ses o f  0 .5  m l. ,  1 .0  m l . ,  and 1 .0  m l . ,  

r e s p e c t iv e ly .

R abbit No. 2 was in j e c t e d  s im i la r ly  w ith  a  

su sp en sio n  o f  c e l l s  which had b een  aceton e  ex­

tr a c te d  in  th e  S o x h le t  ap p ara tu s.

R abbit No. 3 was in j e c t e d  s im i la r ly  w ith  a  

d i lu t io n  o f  the v a c c in e  u sed  fo r  im m unization o f  

human s u b je c ts  a g a in s t  tu la r e m ia . T h is  v a c c in e  

had been  prepared by th e  n itr o u s  a c id  o x id a t io n  

method o f  Foshay ( 1 2 ) ,  and i t  was u sed  to  compare 

i t s  a n t ig e n ic i t y  w ith  th o se  o f  th e  a ceto n e  tr e a te d  

organ ism s.

The s ta n d a r d iz a t io n  o f  th e  su sp en sio n s u sed  

fo r  t h i s  experim ent was made on th e  t u r b id i t y  

com parator. As th e  in stru m en t has o n ly  a l im i t e d  

ran ge, and a s  th e  su sp en s io n s  which were t o  be  

sta n d a rd ized  were o u ts id e  t h i s  ra n g e , i t  was 

n e c e ssa r y  t o  in c r e a se  the range o f  th e  in stru m en t
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by p u tt in g  a measured tu r b id  su sp en sio n  in  th e  

sample chamber and u s in g  i t s  tu r b id it y  a s  th e  

zero  se ttin g®  The normal range o f  th e  in stru m en t  

i s  from O to  200 m icroam peres. O r d in a r ily  th e  

zero p o in t  i s  s e t  w ith  d i s t i l l e d  water in  th e  

sample ohamber but i t  was found e x p e r im e n ta lly  

th a t  th e  range o f  th e  machine cou ld  be in c r e a se d  

by s e t t in g  th e  zero  w ith  a su sp en sio n  o f  a  

known t u r b id i t y  and, a f t e r  ta k in g  th e  read in g  

o f  th e  unknown, m erely  adding th e  M.A. o f  th e  

su sp en sio n  which was u sed  a s  zero  t o  th e  M.A. 

g iv e n  by th e  unknown suspension®  For exam ple: 

a tu rb id  su sp e n s io n  read s 175 M.A. when th e  

zero  s e t t in g  i s  made w ith  c le a r  d i s t i l l e d  w ater  

in  th e  sample chamber. W ith th e  tu r b id  su s­

p e n s io n  in  th e  sample chamber, the m icro­

ammeter i s  a g a in  a d ju sted  to  z e r o . The unknown 

su sp en sio n  which i s  g r e a te r  th an  200 M .A ., and 

th e r e fo r e  o u ts id e  th e  normal ra n g e , i s  now 

p la c e d  in  th e  sample chamber, and a r ea d in g  o f  

40 M.A. i s  g iv e n . Thus 175 M.A. p lu s  40 M.A. 

e q u a ls  215 M.A. T h is method o f  m easuring th e  

tu r b id it y  o f  su sp en s io n s  g r e a te r  than 200 M.A. 

was proven to  be s u f f i c i e n t l y  a ccu ra te  fo r  

t h i s  pu rp ose.

The su sp en sio n s f o r  in j e c t io n  in to  r a b b its  

were s ta n d a rd ized  a t  320 M .A ., an a r b itr a r y  con-
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ceaafcration w ith  no s ig n if ic a n c e  o th e r  than eq u a li~  

z a t io n  o f  dosage fo r  a l l  an im als.

F ourteen  days a f t e r  th e  f i n a l  in j e c t io n s  th e  

anim als were b le d  and t h e ir  se ra  su b je c te d  to  

a g g lu t in a t io n  t e a t s  a g a in s t  both fo rm a lin ize d  

B a ct„ tularena®  and th e  homologous a n t ig e n s  

w ith  which the an im als had been t r e a te d .

The a g g lu t in a t io n  t e s t s  were perform ed by  

th e  u su a l m acroscopic methods* and r e v e a le d  

th a t a l l  an im als had produced a n t ib o d ie s .  The 

serum o f  anim al No* 1 showed th e  h ig h e s t  t i t e r s :  

to  1 :1 6 0  w ith  th e  hom ologous antigen,, and 

1 :6 4 0  w ith  the fo r m a lin iz e d  antigen* The serum 

o f  r a b b it  No* 2 f a i l e d  to  a g g lu t in a te  i t s  

hom ologous a n t ig e n  in  any d i lu t io n ,  but d id  

a g g lu t in a te  th e  fo r m a lin iz e d  a n tig en  in  

d i lu t io n  o f  1 :1 6 0 . The serum o f  anim al No. 3 

a g g lu t in a te d  i t s  hom ologous a n tig e n  in  

d i lu t io n  o f  1:10 and th e  fo rm a lin ize d  a n tig e n  

in  d i lu t io n  o f  1 :8 0 .  Table IV ta b u la te s  the  

r e s u l t s ,  and f ig u r e  4 i l l u s t r a t e s  g r a p h ic a lly  

th e  d i f f e r e n c e s  in  an tib od y  t i t e r s .

Hence m oderate treatm en t o f  Bact* tu la r e n se  

w ith  acetone d id  n o t a p p rec iab ly  d e s tr o y  i t s  

a n t ig e n ic  p r o p e r tie s*  They were s t i l l  ab le  to  

s t im u la te  an tib od y  production* Too r ig o r o u s
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T able IV

A gain st Homologous Ant ig e n

Serum
from
Rabbit

No.________ 10 20 40 80 160 320 640 1280

1 4 4 4 3 1 0 0  O

2 0 0 0 0 0 0 0  0

3___________ 2 0 0 0  0 0 0 O

A gain st F orm alin ized  A n tigen

Serum
from
R abbit

No.________ 10 20 40 80 160 520 640 1280

1 4 4 4 4 4  4 2  O

2 4 4 4 4 2 0 0  O

 3___________ 4 4 3 2  0 0 0  0

R abbit Serum A g g lu tin in  T ite r s

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



750

625

500

375

250

Formalinized
Antigen

Homologous
Antigen

2 3 1 2
Rabbit Serum Agglutinin Titers

Figure 4

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-3 0 -

trea tm en t j as e x e m p lif ie d  by th e  S o x h le t  ex­

t r a c t io n  w ith  aceton e  or o x id a t io n  w ith  

n itr o u s  a c id , im paired th e  a n t ig e n ic i t y  o f  

th e  organism*

The aceton e  u sed  fo r  th e  above e x tr a c t io n s  

was examined fo r  th e  p resen ce  o f  a c t iv e  sub­

s ta n c e s  th a t  m ight be s o lu b le  in  acetone*

A ll a ceto n e  u sed  fo r  (1 )  f i r s t  p r e c ip i­

t a t in g  th e  p o o le d , c e n tr ifu g e d  organism s su s­

pended in  a minimum o f  p h y s io lo g ic a l  s a l in e  

s o lu t io n ,  ( 2 ) th a t  u sed  to  wash th e  p r e c ip i ­

ta te d  organ ism s, and (3 )  th a t  u sed  fo r  th e  

e x tr a c t io n  was p oo led  and c a r e fu l ly  f i l t e r e d  

through paper* Two volum es o f  aceton e  were 

added to  th e  f i l t r a t e  t o  in c r e a se  i t s  con­

c e n tr a t io n  and to  p r e c ip i t a t e  any su b sta n c es  

s o lu b le  in  low er c o n c en tr a tio n s*  There was 

no fu r th e r  p r e c ip ita t io n *

D i s t i l l a t i o n  in  vacuo removed th e  a ceto n e  

and th e  rem ain ing s o lu t io n  o f  s a l t s  and a ceto n e  

so lu b le  m a te r ia l was fu r th e r  co n cen tra ted  to  a 

volume o f  10 to  15  ml* At no tim e d id  th e  

d i s t i l l a t e  v a p o rs exceed  a tem perature o f  3 7 °C* 

The co n cen tra te  was a tu rb id  su sp en sio n  which  

r e a d i ly  sep a ra ted  by c e n tr i fu g a t io n  in to  w ater  

so lu b le  and w ater in s o lu b le  fr a c t io n s *  The
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w ater s o lu b le  m a ter ia l was l i g h t  y e llo w  In  

c o lo r  and q u ite  v isco u s,. The water in s o lu b le  

m a ter ia l was p a r t ic u la t e  in  nature and was 

so lu b le  in  e th e r , ch loro form , a c e to n e , x y len e  

and in  h ot a lk a lin e  s o lu t io n .  I t  was in s o lu b le  

in  a c id  s o lu t io n ,  and more f lo c c u le n t  in  

appearance.

The su pern atant was t e s t e d  fo r  p o s s ib le  

a n t ig e n ic  su b sta n ces by a p r e c ip i t in  t e s t  

a g a in s t  immune g o a t serum. The c e n tr ifu g a te  

was resuspended in  s a l in e  s o lu t io n  and a 

sample was t e s t e d  fo r  a c t i v i t y  by m ixing i t  

w ith  v a r io u s  d i lu t io n s  o f  immune serum.

Another p o r t io n  o f  th e  co n c en tr a te  from  

th e  d i s t i l l a t i o n  was d ia ly z e d  fo r  24 hou rs in  

running ta p  w ater and th e  d ia ly z e d  r e s id u e  

was t e s t e d  s im i la r ly .  No f r a c t io n  showed a  

tr a c e  o f  p r e c ip i t a t io n  w ith  immune serum.

F u rth er , a sm a ll p o r t io n  o f  th e  c o n c en tr a te  

was d ilu te d  w ith  s a l in e  s o lu t io n  and 1 .5  m l. 

were in je c te d  in tr a v e n o u s ly  in to  a  r a b b it .

Two in j e c t io n s  were g iv e n  a t  a th r e e  day 

in te r v a l:  0 .5  m l. in  th e  f i r s t ,  and 1*0 m l.

on th e  second. The r a b b it  was b led  14 days 

t h e r e a f t e r ,  and th e  serum was t e s t e d  fo r  

a n tib o d ie s  by a g g lu t in a t io n  and p r e c ip i t in
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t e s t s .

Again a l l  t e s t s  were n ega tive ,,

I t  was concluded th a t  no a n t ig e n ic  m a ter ia l  

was e x tr a c te d  by the a ceto n e  o r , i f  i t  w ere, i t s  

a n t ig e n ic i t y  had been destroyed*

E xp erience th u s fa r  showed th a t  no a n t ig e n ic  

su b stan ce  had been i s o la t e d  from th e  c e l l s  o f  

Bacto tu la r e n a s  and th a t  th e  aceton e  t r e a te d  

organism s were s t i l l  a n t ig e n ic  in  v ivo*  T h is  

in d ic a te d  th a t  th e  su b sta n ces  th a t  con ferred  

a n t ig e n ic  s p e c i f i c i t y  on th e  organism  were 

c lo s e ly  r e la t e d  to  the c e l l  body, and th a t  in  

a l l  p r o b a b i l i t y  th e  organism s would have to  be 

broken up in  ord er  to  r e le a s e  them .

The l i t e r a t u r e  p e r ta in in g  to  i s o l a t io n  o f  

a n t ig e n ic  f r a c t io n s  from v a r io u s  b a c t e r ia l  

s p e c ie s  p resen ted  a wide ch o ice  o f  methods and 

p ro ced u res . F ive  were chosen  fo r  e x p lo r a to r y  

t r i a l s :  (a )  the t r y p t ic  d ig e s t io n  method o f

R a is tr ic k  and T opley ( 1 8 ) ,  a l s o  used by Wakeman 

( 21) to  i s o l a t e  immunizing f r a c t io n s  from th e  

typ h oid  b a c i l lu s ;  (b ) the co n cen tra ted  phenol 

e x tr a c t io n  method o f  Palmer and G erlough (2 2 );

( c )  g r in d in g  the organism s w ith  g la s s  b ea d s , a 

method su g g ested  by Curran and Evans (2 3 );  (d )  

th e  d ie th y le n e  g ly c o l  e x tr a c t io n  o f  Morgan e t
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a l 0 (1 9 )j  and ( e )  th e  t r i c h l o r a c e t i c  a c id  ex­

t r a c t io n  o f  B o iv in  and M esrobeanu ( 2 4 ) .

The T r y p tic  D ig e s t io n  Method

Two and o n e -h a lf  grams o f  a ceto n e  d r ied  

organism s were ground t o  a f in e  powder, then  

suspended in  400 m l, o f  d i s t i l l e d  w ater in  a 

500 m l, Erlenm eyer f l a s k  to  which 0 ,1 2 5  gms, 

o f  t r y p s in  ( P fa h n s t ie l )  was added, and th e  

pH a d ju sted  to  8 .5  w ith  2 N NaOH. The su s­

p e n s io n  was d iv id e d  e q u a lly  in to  500 m l. 

Erlenm eyer f l a s k s ,  5 m l, o f  t o lu o l  added to  

e a c h , and in c u b a tio n  con tin u ed  fo r  5 days a t  

37 .5° C, The pH was a d ju sted  to  pH 8 .5  sv e ry  

24 h o u rs , and a t  60 hou rs another 0 .0 5  gm. o f  

t r y p s in  was added t o  each  f la s k .  The f l a s k s  

were shaken fr e q u e n t ly  to  resu sp en d  th e  organ­

ism s.

A fte r  in c u b a tio n  the c o n te n ts  o f  th e  

f l a s k s  were combined and th e  t o lu o l  was removed 

by d i s t i l l a t i o n  in  va cu o . The w ater  bath  sur­

rounding th e  d i s t i l l i n g  f la s k  n ever  reach ed  a 

tem p erature h ig h er  than  4 0 °C. D i s t i l l a t i o n  con­

t in u e d  u n t i l  th e  volume o f  th e  su sp e n s io n  was 

reduced to  ap p rox im ately  1 /3  o f  i t s  o r ig in a l  

volum e.

T h is  co n c en tr a te  was c e n tr ifu g e d  a t  ap p rox i-
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m ately  3 ,0 0 0  R,P«M, fo r  Ig- hours to  remove un­

d ig e s te d  organism s and c e l lu la r  deb ris*  The 

su p ern atan t was decanted* The c e n tr ifu g a te  

was re suspended in  25 ml* o f  d i s t i l l e d  w a ter , 

d is tr ib u te d  in to  4 c o n ic a l  c e n tr ifu g e  tu b e s ,  

and spun at 4 ,0 0 0  R«P*M. in  the an g le  c e n tr i ­

fu ge  fo r  1 hour* The supernatant was d ecan ted . 

The sedim ent was resuspended  in  w ater and ag a in  

c e n tr ifu g e d , and th e  supernatant added to  the  

form er w ashings* The c e n tr ifu g a te  was f in & lly  

suspended in  a sm a ll amount o f w ater , washed 

in to  sm all ta re d  b e a k ers , d r ied  a t  105° C* fo r  

8 4 .h o u rs , and weighed*

The su pern atant from th e  o r ig in a l  c e n t r i ­

fu g in g  was d is tr ib u te d  in to  100 ml* c e n tr ifu g e  

f la s k s  and c e n tr ifu g e d  a t  3 ,0 0 0  R.P.M. fo r  2 

h o u rs . A g r e a te r  speed was n o t attem pted  

b ecause the c e n tr ifu g e  b o t t l e s  ten ded  to  crush  

at h ig h er  sp ee d s . The c e n tr ifu g a te  from t h i s  

o p e r a tio n  was not g r e a t  in  volume* I t  was 

taken  up w ith  th e  w ashings from th e  main 

c e n tr i f u g a t e ,  washed tw ic e  by c e n tr ifu g a t io n ,  

and th e  w ash ings added to  th e  bu lk  o f  the  

supernatant* T h is  f r a c t io n  was d e s ig n a te d  as 

D i-3 , a crude t r y p t i c  d ig e s t  e x tr a c t  o f  B act. 

tu la r e n s e .  I t  was an o p a le sc e n t  s o lu t io n  

which p r e c ip ita t e d  r e a d ily  in  th e  p resen ce  o f
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immune serum.

The dark f i e l d  m icroscope showed th a t t h i s  

crude product con ta in ed  in t a c t  organism s* As 

a n t ig e n ic  a c t i v i t y  o f  th e  e x tr a c t  co u ld  he 

a t t r ib u te d  to  th e  p r e sen ce  o f  th e s e  c e l l s #  th e ir  

rem oval was d e s ir a b le *  The a v a i la b le  c e n tr ifu g e  

f a c i l i t i e s  were inad eq uate fo r  a com plete  

se p a r a tio n  so o th er  means were so u g h t. I t  was 

found by p i l o t  experim ent th a t  th e  S e i t z  f i l t e r  

b e s t  f i t t e d  th e  req u irem en ts f o r  t h i s  s e p a r a t io n .  

T herefore# th e  e n t ir e  bulk o f  D i-3  was f i l t e r e d  

through a S e i t z  pad. The r e s u l t a n t  f r a c t io n  

r e c e iv e d  th e  d e s ig n a t io n  D i-3F ,

In  v i t r o  p r e c ip i t in  t e s t s  showed D i-3F  to  

be h ig h ly  r e a c t iv e  w ith  immune serum# and a 

p r e c ip i t a t e  cou ld  be d e te c te d  a t  an a n tig e n  

d i lu t io n  o f  1 :3 ,1 2 5 .  The immune serum had an 

a g g lu t in in  t i t e r  o f  1 :6 4 0 , A ll  th e  p r e c ip i t in  

t e s t s  perform ed w ith  th e  D i-3  s e r i e s  o f  f r a c t io n s  

were made w ith  th e  same serum# w hich was ob ta in ed  

from an immunized h o r s e . No p r e c ip i t a t io n  oc­

curred  w ith  normal h o rse  or human s e r a .

Each o f  3 r a b b it s  was in j e c t e d  w ith  2 ,2 5  m l, 

r e s p e c t iv e ly  o f  1:250# 1 :5 0 0 , and 1 :1 ,0 0 0  d i lu t io n s  

o f  D i-3F , Each r a b b it  r e c e iv e d  0 ,5 #  0 ,7 5 #  and

1 ,0 0  m l, each day on 3 s u c c e s s iv e  d ays. The
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anim al which r e c e iv e d  th e  I s 500 d i l u t i o n  d ied  

2 days a f t e r  th e  l a s t  in je c t io n *  The in j e c t io n  

m a te r ia l was c u ltu r e d  and a Gram n e g a t iv e  rod  

was i s o la t e d  from i t .  T h is same Gram n e g a t iv e  

rod  was n o t I s o la t e d  from th e  dead animal® so  

i t  cannot he assumed th a t  t h i s  organism  was 

th e  cause o f  d e a th . M oreover, th e  o th e r  anim als  

l i v e d  and a t  no tim e d id  th e y  appear to  he i l l *  

though th e  Gram n e g a t iv e  organism  was p r e se n t  

in  th e  m a te r ia l g iv e n  t o  ea ch .

F ou rteen  days a f t e r  th e  l a s t  in j e c t io n  th e  

2 su r v iv o r s  were b le d  from th e  h eart*  and th e  

3erum o f  each was t e s t e d  fo r  th® p resen ce  o f  

a g g lu t in in s  and p r e o ip i t in s ,  Serum from  

b le e d in g s  made p r io r  to  th e  in j e c t io n s  were 

t e s t e d  a g a in s t  a g g lu t in a t in g  a n t ig e n  and the  

hom ologous a n t ig e n  fo r  th e  p resen ce  o f  agg lu ­

t i n i n s  and p r e o ip i t in s ,  These t e s t e  gave th e  

r e s u l t s  shown in  t a b le  V,

Both se r a  con ta in ed  a g g lu t in in s  and p re­

c i p i t i n s ,  A g g lu t in a tio n  was ob serv ed  in  d i lu ­

t i o n  1 :1 6 0 , and p r e c ip i t a t io n  o f  th e  hom ologous 

a n t ig e n  occu rred  w ith  a 1 :2 5  d i l u t i o n  o f  th e  

a n t ig e n . The l a t t e r  t i t e r  was n o t im p r e s s iv e . 

The t e s t s  in d ic a te d  th e  p ro d u ctio n  o f  

an tib od y  and one must conclude th a t  th e  in j e c t e d
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T able V

P r e c ip i t in  T ite r  

D ilu t io n

Is  5 25 125  625  5»125  15^625 7 8 .1 2 5

250 2 1 0  0  O 0  0

1.000 2 1 0 0 0 0 O

Co nt r o l s  O O O P _______ 0________ 0________ 0

A g g lu t in in  T ite r  

D ilu t  io n

Is  10 20 40 80 160 520 640 1280

250 4 4 4 3 8 0 0 0

1 .0 0 0  4 4 4 4  2 0 0  0

C o n tro ls  0 0 0 0 0  0 0  0

T e s ts  fo r  Ant ibody Product io n  w ith  th e  

D i-3F  F r a c t io n
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m a te r ia ls  were antigen ic®  D i-3F  con ta in ed  

su b sta n ces which were in s o lu b le  in  e th an o l 

and acetone® I t  a ls o  gave a s tr o n g ly  

p o s i t iv e  M olisch  t e s t B and p o s i t iv e  b iu r e t ,  

n in h yd rin  and M illon  tests®  (T able V I*)

No osazon es were formed when th e  f r a c t io n  

was tr e a te d  w ith  p h en y lh yd raz in e . B e n e d ic t 's  

s o lu t io n  was not red u ced , and h y d r o ly s is  o f  a 

sample o f  th e  f r a c t io n  w ith  stro n g  HC1 y ie ld e d  

no red u cin g  su b sta n c e s .

A p i l o t  experim ent proved th a t  d i a l y s i s  

o f  f r a c t io n  Di-3F d id  n o t  im pair th e  a c t i v i t y  

o f  th e  f r a c t io n ,  and th a t  th e  m olecu lar s i z e  

o f  th e  a o t iv e  su b stan ce  was o f  such m agnitude 

th a t  i t  would n ot p a ss  th e  c e llo p h a n e  sa c .

The bulk o f  th e  a c t iv e  f r a c t io n  was th e r e fo r e  

d ia ly z e d  fo r  £4 hours a g a in s t  s e v e r a l changes 

o f  d i s t i l l e d  water a t  4°C. The volume r a t io  

o f  d ia ly z e d  D i-3F  to  th e  d ia ly z a te  a t  th e  

com p letion  o f  d ia l y s i s  approxim ated 1 :3 0 . In  

vacuo c o n c en tr a tio n  o f  th e  d ia ly z a te  reduced  

th e  volume t o  ap p roxim ately  400 m l. During th e  

c o n c e n tr a tio n  th e  tem perature o f  th e  d i s t i l l a t e  

vapors never ro se  above 30°C. The c o n c en tr a te  

m an ifested  no a c t i v i t y  to  tu la r e n s e  immune 

serum. T h is m a te r ia l r e c e iv e d  th e  d e s ig n a t io n
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D1-3F D ia ly z a te , and th e  d ia ly z e d  f r a c t io n  th© 

d e s ig n a t io n  D1-3FD.

Di-3FD was an o p a le sc e n t  s o lu t io n  which  

upon pro lon ged  c e n tr i fu g a t io n  a t  4 ,0 0 0  R.P.M. 

in  th e  an g le  c e n tr ifu g e  y ie ld e d  a v ery  sm all 

amount o f  sed im en t. I t  gave p o s i t iv e  r in g  

t e s t s  w ith  a lp h a -n a p h th o l, thymol and 

r e s o r c in o l  in  th e  p resen ce  o f  s u l f u r i c  a c id .

The b iu r e t  and M ilIo n 's  t e s t s  were n e g a t iv e ,  

but a n in h y d rin  t e s t  gave a f a i n t l y  p o s i t i v e  

r e a c t io n . (T able VIJ

Two r a b b its  were in j e c t e d  w ith  1 .0  mg. 

and 0 .5  m g., r e s p e c t iv e ly ,  o f  DI-3FD. The 

m a te r ia l was d iv id e d  in to  3 eq u al d o se s  and 

a d m in istered  on 3 c o n se c u t iv e  d a y s . F ourteen  

days a f t e r  the l a s t  d ose  th e  r a b b it s  were b led  

and th e  serum o f  each was t e s t e d  fo r  the  

p resen ce  o f  a g g lu t in in s  and p r e o ip i t i n s .  These  

t e s t s  were c o n tr o l le d  w ith  an immune serum and 

w ith  serum from b le e d in g s  o f  the same r a b b its  

p r io r  to  treatm en t w ith  Di-3FD. The r e s u l t s  

are shown in  t a b le  V II.

The t e s t s  o f  se r a  from both  r a b b it s  were 

e n t i r e ly  n e g a t iv e , w hereas th e  immune c o n tr o ls  

p r e c ip i t a t e d  t o  a t i t e r  o f  1 :3 ,1 2 5 , and agg lu ­

t in a t e d  fo r m a lin iz e d  B a c t . tu la r e n se  to  a t i t e r  

o f  1 :6 4 0 . I t  must be conclu ded  th a t  th e  f r a c t io n
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Table VI

M
« <•H Q o f t
a fa fa fa fa
3 to CO to to

1 9 9 9
p-l ♦H •H
<« f t f t f t q

B iu ret — + + - — — +

N inhydrin -  + + ± -  -  +

M illo n 's -  + + - -  -  +

M olisch — + + + — + +

Chem ical T ea ts  o f  F r a c t io n s  o f  th e  

P i - 3 S e r ie s
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T able VII

P r e e lp i t in  T ite r

5 25 125 625 3* 125 1 5 ,6 2 5

R1 0 0 0 0 0 0

R2 0 0 0 0 0 0

P o s i t iv e 4 4 4 2 1 0

N eg a tiv e
C ontrol 0 0 0 0 0 0

ig g lu t in a t io n  T ite r

10 20 40 80 160 320 640 1280

R1 0 0 0 0 0 0 0 0

R2 0 0 0 0 0 0 0 0

P o s i t iv e 4 4 4 4 3 2 1 0

N egative
C ontrol 0 0 0 0 0 0 0 0

R1 Serum from r a b b it  which r e c e iv e d  1 .0  mg. 
o f  a n t ig e n .

R2 Serum from r a b b it  which r e c e iv e d  0 .5  mg. 
o f  a n tig e n .

P o s i t iv e  Known p o s i t i v e  serum.

N egative  C ontrol C ontrol se r a  from p r e ­
in o c u la t io n  b le e d in g s .

T e s ts  on Sera from R a b b its  I n je c te d  w ith  Di-3FD
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was n o t a n t ig e n ic ;  a t  l e a s t  not in  the co n cen tra ­

t io n s  adm inister©do

I t  was lea rn ed  by p i l o t  exp erim en ts th a t  a 

component, or com ponents, o f  D1-3PD were in s o lu b le  

in  th e  o rg a n ic  s o lv e n t s ,  e th a n o l ,  m eth anol, and 

a c e to n e . Four volum es o f  9 5% e th a n o l were added 

in  th e  c o ld  (4° C*) to  a p o r t io n  o f  D1-3FD. The 

p r e c ip ita t e  was sep arated  from the su p ern atan t  

f lu id s  by c e n tr i f u g a t io n , and taken  up in  d i s t i l l e d  

w ater. I t  d is s o lv e d  r a p id ly .  The m a te r ia l cou ld  

be seen  to  "stream 11 in to  s o lu t io n  a t  th e  su r fa c e  

o f  the t i g h t l y  packed p r e c ip i t a t e .  I f  th e  p re­

c ip i t a t e  was shaken so t h a t  sm all clumps or m asses  

o f  p a r t i c l e s  were in  su sp e n s io n , th e  fragm ents  

undergoing s o lu t io n  from th e  su r fa c e  o f  each  

p a r t ic le  would make th e  p a r t i c l e  bounce around 

in  th e  l iq u id  medium. The movement had th e  same 

appearance as Brownian movement. Prolonged  

c e n tr ifu g a t io n  a t  4 ,0 0 0  R.P.M. threw  out o f  

su sp en sio n  o n ly  a v ery  sm a ll amount o f  p a r t ic u la t e

m atter which was sep a ra ted  from th e  supern atant
»

s o lu t io n  by d e c a n ta t io n . The l a t t e r  was o p a le sc e n t  

and r e a c te d  r a p id ly  w ith  immune serum to  form a 

p r e c ip i t a t e .  I t  was g iv e n  th e  symbol Di-3FDAI.

T h is  f r a c t io n  a ls o  gave p o s i t i v e  r in g  t e s t s  to  

a lp h a -n a p h th o l, n a p h th o -r e so r c in o l, m enthol, thym ol, 

and r e s o r c in o l ,  in  th e  p resen ce  o f  s u l fu r ic  a c id .
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The r in g  c o lo r s  throughout. , though n o t e x a c t ly  

l ik e  th o se  o f  g lu c o s e e more n e a r ly  compared 

w ith  g lu c o se  th an  w ith  any o th e r  sugar which  

was t e s t e d  a t th e  same time* B i a l #s t e s t  fo r  

p en to se  was n e g a tiv e*  The f r a c t io n  was a ls o  

n e g a tiv e  to  th e  b iu r e t , M il lo n ’ s ,  and riinh ydrin  

t e s t s  fo r  p r o te in s*  (T ab le  V I*)

• iS . ~ylvo exp erim en ts dem onstrated  th e  

f r a c t io n  to  be d evo id  o f  a n t ig e n ic  p r o p e r tie s*

The a lc o h o l ic  su p ern atan t was co n cen tra ted  

in  vacuo to  ap p rox im ately  200 ml* Again th e  

tem perature o f  th e  co n c en tr a te  was never a llo w ed  

to  exceed  3 0 °C* T h is  m a ter ia l was f a i n t l y  

o p a le sc e n t  in  th e  co n cen tra ted  s o lu t io n ,  and 

was p r e c ip i t a t e d  by tu la r e n s e  immune serum, 

but n ot n e a r ly  to  th e  same degree as Di-3FDAI* 

T h is  f r a c t io n  was g iv e n  th e  d e s ig n a t io n  Di-3FDAS^. 

I t  was n o n -r e a c t iv e  to  th e  p h e n o ls , g iv in g  

n e g a t iv e  r in g  t e s t s  to  th o se  l i s t e d  above* I t  

a ls o  gave a n e g a t iv e  t e s t  to  B ia l* s  rea g en t fo r  

r e c o g n it io n  o f  p e n to se  su g a rs , and was n e g a t iv e  

t o  th e  b iu r e t ,  th e  M il lo n 's  and th e  n in h yd rin  

t e s t s  fo r  p r o te in s*  (T ab le  V I .)  No an tib od y  

was produced by a r a b b it  to  which a sample o f  

t h i s  f r a c t io n  had been p a r e n te r a l ly  a d m in is tered .

The a lc o h o l in s o lu b le  f r a c t io n ,  Di-3FDAI was
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su b je c te d  to  a second  treatm en t w ith  4 volum es 

o f  c o ld  9 5 #  e th a n o l. I t  was ob served  th a t  th e  

bulk  o f  the p r e c ip i t a t e  was n ot n e a r ly  a s g r ea t  

in  t h i s  second p r e c ip i t a t io n .  The f lo c c u le n t  

p r e c ip i t a t e  was c e n tr ifu g e d  o u t , th e  su p ern atan t  

d eca n ted , and th e  in s o lu b le  su b stan ce d is s o lv e d  

in  d i s t i l l e d  w ater . The appearance o f  t h i s  

s o lu t io n  was th e  same as th a t  o f  th e  f r a c t io n  

Di-3FDAI excep t th a t  a t  the same volume th e  

o p a le sc en ce  appeared to  be l e a s  than th a t  o f  th e  

p aren t prod u ct. T h is  was co n sid ered  t o  be th e  

same a s th e  former a lc o h o l  in s o lu b le  f r a c t io n  

and k ep t th e  same d e s ig n a t io n .

The a lc o h o l ic  su p ern atan t was co n cen tra ted  

in  vacuo to  remove th e  a lc o h o l .  The c o n c en tr a te  

was an o p a le sc e n t  s o lu t io n  which had th e  same 

appearance in  s o lu t io n  as th a t  o f  Di-3FDAI and 

was r e a d i ly  p r e c ip i t a t e d  by immune serum. T h is  

f r a c t io n  r e c e iv e d  the d e s ig n a t io n  Di-3FDASg.

In  ev ery  r e s p e c t ,  e x c e p t fo r  i t s  s o l u b i l i t y  in  

e th a n o l, t h i s  f r a c t io n  had th e  same p h y s ic a l ,  

c h e m ic a l, and im m unologioal c h a r a c t e r i s t i c s  o f  

DI-3FDAI.

The bu lk  o f  th e  d ig e s t  supern atant D i-3  was 

p r o c essed  c o m p le te ly  as th e  p i l o t  experim en ts  

in d ic a te d . A liq u o t p o r t io n s  o f  th e  end product  

f r a c t io n s  were d r ie d  from th e  fr o z e n  s t a t e  by

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-42®

th© ly o p h ile  method o f  F lo sd o r f  and Mudd (2 5 )  

and th© q u a n tity  by w eigh t o f  each f r a c t io n  was 

c a lc u la ted o

Each o f  th e  d r ie d  m a te r ia ls  was d i s t i n c t i v e  

in  i t s  appearance,, The Di~3FDAI was a l i g h t  

g ra y -w h ite  f l u f f y  m a te r ia l and i t s  bu lk  in  th e  

d ry in g  v i a l s  was d e c e p tiv e  s in c e  i t  appeared to  

be th e  most abundant o f  a l l  th e  f r a c t io n s .  

However, i t s  t o t a l  w eigh t proved to  be th e  l e a s t .  

The D1-3FDAS-L in  th e  d"ied s t a t e  was a tan  co lo red  

gran u lar  m a ter ia l and, o f  a l l  f r a c t io n s ,  i t s  

b u lk  was the l e a s t  fo r  i t s  m ass. Di-3FDASg had 

an appearance v e r y  much l ik e  th a t  o f  Di-3FDAI. 

There was l i t t l e  d if fe r e n c e  in  th e  b u lk  to  mass 

r a t io  between th e  tw o. The f r a c t io n  D i-3F  

(D ia ly z a te )  had th e  appearance o f  crumbled  

f la k y  m a ter ia l and had a d e f in i t e  b lu is h  t i n t  

which s tr o n g ly  su g g ested  th e  p resen ce  o f  

copper s a l t s .  A l l  f r a c t io n s  d is s o lv e d  r e a d i ly  

in  e i t h e r  w ater or p h y s io lo g ic a l  s a l in e  s o lu t io n .

Table V III  ta b u la te s  th e  dry w eight d ata  

from which the per cen t o f  y i e ld  o f  each f r a c t io n  

to  th e  t o t a l  w eigh t o f  th e  aceton e  tr e a te d  

organism s used  was determ ined . The 1 .3 4  gms. 

o f  m a ter ia l in  th e  d ia ly z a te  which made th e  

t o t a l  w eight o f  all f r a c t io n s  g r e a te r  than  th e  

w eigh t o f  th e  o r ig in a l  organism s may be accounted
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Table V III

No, Symbol

1 Di-3FDAI

2 D1-3FDAS!

3 Di-3FDAS2

4 DI-3F
(D ia ly z a te )

5

6

7

8

9 D1-3F
(D ia ly z a te )

D e sc r ip t io n

A lcoh o l In so lu b le  
f r a c t io n

A lcoh o l s o lu b le  
f r a c t io n  No. 1

A lcoh o l so lu b le  
f r a c t io n  No. 2

D ia ly z a te  o f  
Di-3F

R esidu e from  
D ig e st  No. 3

T o ta l w eigh t o f  
f r a c t io n s

A cetone d r ied  
organism s u sed  
fo r  d ig e s t io n

W eight o f  un­
i d e n t i f ia b l e  
m a te r ia l.N o . 6 
minus No. 7

M a ter ia l in  
d ia ly z a te  
a c t u a l ly  from 
th e  organism s,. 
No. 4 minus " 
No. 7

Per Cent o f  
Dry Wt. o f  

Wt« in  A cetone Dried  
Gms. Organisms

A c t iv i t y

0* 14 5 .6  +

0 .1 4  5 .4  +

0 .2 0  4 .0  +

3 .3 0

0 .1 3  5 .2

3 .8 1

2 .5 0

1 .3 1

1 .9 0  7 9 .7 6

F r a c tio n s  O btained by T r y p tic  D ig e s t io n
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Table IX

1: 5 25 125 625 3 .1 2 5  1 5 ,6 2 5

D i-3 4 4 4 3 1 0

D1-3F 4 4 4 3 1 0

Di-3FD 4 4 4 3 1 0

Di-3FDAI 4 4 4 2 1 0

Di-3FDASX 3 1 0 0 0 0

Di-3FDASg 4 4 4 2 1 0

D i-3F
(D ia ly z a te ) 0 0 0 0 0 0

Normal H orse
Serum C on tro l 0 0 0 0 0 0

P r e c ip i t in  T it e r s  O btained w ith  

C erta in  D ig e st F r a c t io n s
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fo r  by sodium hydroxide added t o  th e  d ig e s t io n  

m ixture du rin g  th e  d ig e s t io n  process®  There  

were o th er  con tam inating  su b sta n c es  which  

c o n tr ib u te d  to  t h i s  e x c e s s  w e ig h t, one example 

o f  which may be noted: Some copper s a l t s  were

p ick ed  up from th e  S e i t z  f i l t e r  which gave th e  

f i l t r a t e  a d e f in i t e  b lu is h  t i n t  and th e s e  s a l t s  

were w eighed w ith  th e  D1-5F (D ialyzate),

The th r e e  f r a c t io n s  which showed a n t ig e n ic  

a c t i v i t y  added up to  15*0#  o f  th e  t o t a l  w eight 

o f  th e  organism s u sed  fo r  th e  d ig e s t io n *  By 

fa r  th e  g r e a te s t  per c e n t , 79*76, o f th e  

o r ig in a l  was d ia ly z a b le  a f t e r  d ig e s t io n ,  and 

showed no a o t i v i t y  w ith  immune serum*

These f r a c t io n s  were compared q u a n t i t a t iv e ly  

fo r  t h e ir  v i s i b l e  a c t i v i t y  w ith  immune serum* 

Table IX and f ig u r e  5 dem onstrate th e  d i f f e r e n c e s  

between th e  f r a c t io n s .  The method o f  q u a n tita ­

t io n  was th e  u su a l s e r i a l  d i lu t io n  p r e c ip i t in  

method*

The Phenol E x tr a c t io n  Method 

Palmer and G erlough (2 2 ) rep o r ted  s u c c e s s fu l  

e x tr a c t io n  o f  a n t ig e n ic  su b sta n ces  from typ h o id  

b a c i l l i  by trea tm en t w ith  co n cen tra ted  phenol*  

They ob ta in ed  a carbohydrate f r a c t io n  w hich was 

in s o lu b le  in  8 8 -9 5 #  phenol and in  a lc o h o l ,  but
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s o lu b le  in  w ater or in  s a l in e  s o lu t io n .  The 

f r a c t io n  which th e y  i s o la t e d  was a c t i v e l y  

a n t ig e n ic  in  v iv o  a s  w e ll  as in . v i t r o »

Two and e ig h t y - f iv e  one-hu nd redth s (2®85) 

grams o f  a ceto n e  d r ied  organism s were e x tr a c te d  

3 tim es  w ith  co n cen tra ted  phenol® (Enough 

w ater was added to  th e  c r y s t a l l in e  phenol so  

th a t  a t 28®C. i t  would rem ain in  a l iq u id  

state®  I f  th e  tem p erature were a llo w ed  to  

drop much below  28°.C., i t  would c r y s t a l l i z e * )

A c le a r 9 a lm ost tra n sp a ren t g e la t in o u s  in s o lu b le  

f r a c t io n  form edt was sep a ra ted  from th e  phenol 

by c e n t r i f u g a t io n ,  and washed s e v e r a l  t im e s  

w ith  c o ld  (4° C .) 95% e th a n o l to  remove th e  

p h en o l. The e th a n o l w ash ings were p reserv ed  

and p o o le d , th e  a lc o h o l removed by d i s t i l l a ­

t io n  in  v a cu o , and th e  r e s id u a l  p h en o l added 

to  th e  b u lk  o f  th e  e x tr a c ta n t .  The a lc o h o l  

washed p r e c ip i t a t e  was f i n a l l y  washed 3 t im e s  

w ith  aceto n e  and d r ied  over  anhydrous ca lc iu m  

s u l f a t e  a t  14 mm* Hg p re ssu re  in  a vacuum 

d e s ic c a t o r .

The r e s u l t a n t  f r a c t io n  was a w h ite  f la k y  

and tough s o l i d .  An attem pt was made t o  gr in d  

th e  su b stan ce  to  a powder, but th a t  was found  

to  be q u ite  im p o ss ib le  a s  th e  f la k e s  m erely

R eproduced  with perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



4 5 -

rubbed over  one a n o th e r 8 each a c t in g  as a  

lu b r ic a n t  fo r  another r a th e r  th an  break in g  

in to  sm a ller  p a r t i c l e s .  A p o r t io n  o f  th e  

m a ter ia l was put in to  d i s t i l l e d  w a ter , and 

shaken m ec h a n ica lly  fo r  s e v e r a l  hour®. As 

fa r  as cou ld  be determ ined i t  was in s o lu b le .  

T h is  sample was c e n tr ifu g e d  and th e  super­

n a ta n t t e s t e d  fo r  v i s i b l e  a c t i v i t y  in  

tu la r e n s e  immune serum but th e re  was none. 

T r itu r a t io n  o f  a sample o f  th e  f la k y  sub­

sta n ce  e f f e c t e d  p a r t ia l  s o lu t io n ,  or more 

probab ly  a su sp e n s io n , o f  sm a ll p a r t i c l e s .

The t r i t u r a t e d  su sp en sio n  gave immediate 

and s tr o n g ly  p o s i t iv e  r in g  t e s t s  t o  a lp h a -  

n a p h th o l, n a p h th a -r e so r o in o l, and thymol in  

th e  p resen ce  o f  e i t h e r  s u l f u r ic  or  hydro­

c h lo r ic  a c id ,  and was n e g a t iv e  to  th e  b iu r e t  

t e s t .  M illon «a  t e s t  was f a i n t l y  p o s i t i v e .

The f r a c t io n ,  though in s o lu b le  at 

n e u t r a l i t y ,  was so lu b le  in  h o t  h y d r o c h lo r ic  

a c id ,  and in  hot a l k a l i .  I f  a l k a l i  was 

added to  th e  h ot HC1 s o lu t io n ,  th e  m a te r ia l  

became in s o lu b le  a t or near n e u t r a l i t y ,  and 

a g a in  became so lu b le  as more a l k a l i  was 

added.

The t r i t u r a t e d  su sp en sio n  d id  n o t reduce
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B e n e d ic t 's  s o lu t io n ,  and though a s o lu t io n  

o f  t h i s  f r a c t io n  in  HC1 was h ea ted  fo r  som® 

tim e (th e  trea tm en t should  have i n i t i a t e d  

h y d r o ly s is )  no red u c in g  su b sta n ces  were 

dem onstrated by e i t h e r  B e n e d ic t 's  s o lu t io n  

or m ethylene blue*

The f r a c t io n  d id  n ot induce th e  produc­

t io n  o f  an tib od y  in  a r a b b it .  E xperim ental 

ev id en ce  p r e sen ted  p ages 54 and 5 5 . A sm all 

p o r t io n  o f  th e  t r i t u r a t e d  su sp en sio n  was 

t e s t e d  fo r  a c t i v i t y  a g a in s t  immune serum by 

th e  d i lu t io n  method but no v i s i b l e  r e a c t io n  

appeared in  any d i l u t i o n .  The su b sta n ce  r e ­

c e iv e d  th e  d e s ig n a t io n  Phl-HgOl (Phenol 

in s o lu b le ,  water in s o lu b le  f r a c t io n ) .

The e n t ir e  bu lk  o f  th e  phenol e x tr a c ta n t ,  

to  which had been added th e  r e s id u a l  m a te r ia l  

from th e  a lc o h o l d i s t i l l a t i o n ,  was tr e a te d  

w ith  5 volum es o f  d i s t i l l e d  w ater . A w h ite  

p r e c ip i t a t e  formed im m ed iate ly . To p i l o t  th e  

next procedure a p o r t io n  o f  t h i s  phenol w ater  

m ixture was d ia ly z e d  through ce llo p h a n e  a g a in s t  

running ta p  w ater fo r  18 h o u rs . T h is pro­

cedure removed th e  phenol a s  w e ll  as o th er  

d ia ly z a b le  su b s ta n c e s . The m a ter ia l rem ain ing  

in  the sac  was a m ilky su sp en sio n  w hich, when

allow ed  to  stan d  fo r  any le n g th  o f  t im e , would
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sep ara te  in to  a co a rse  gran u lar  sedim ent and an  

o p a le sc e n t  su sp ension*

T h is  su sp en sio n  was su bm itted  to  c e n tr ifu g a ­

t io n  fo r  30  m inutes a t  2 ,0 0 0  R.P.M. T h is t r e a t ­

ment y ie ld e d  a two la y er ed  c e n tr i f u g a t e ,  th e  

bottom la y e r  b e in g  a gran u lar  coarse  m a te r ia l,  

th e  top  la y e r  a creamy homogeneous m a ter ia l;  

and the d iv id in g  l in e  was sharp betw een th e  two 

la y e r s*  The su p ern atan t was v e ry  o p a le sc e n t  

and i t  was r e a d i ly  observed  th a t  th e  creamy 

p r e c ip i t a t e  p robab ly  came from some o f  the  

m a ter ia l which made the s o lu t io n  o p a le s c e n t .

The very  sharp l in e  o f  d em arcation , and the  

ra p id  s e t t l i n g  o f  th e  gran u lar  p r e c ip i t a t e ,  

su g g ested  a means o f  se p a r a t io n  o f  th e  2 

c e n tr i f u g a t e s .  They were th o ro u g h ly  r e s u s ­

pended by s t i r r i n g ,  and th en  c e n tr ifu g e d  

s lo w ly  (700  t o  1 ,0 0 0  R .P .M .) in  th e  h o r i­

z o n ta l c e n tr ifu g e  fo r  5 m in u tes. T h is  tim e  

most o f  the coarse  granu lar p r e c ip i t a t e  was 

w e ll  packed a t  th e  bottom o f  th e  c e n tr ifu g e  

tu b e , and th e r e  was no creamy homogeneous 

m a ter ia l on top  o f  th e  coarse  c e n tr i f u g a t e .

The supern atant from t h i s  c e n tr ifu g in g  was 

ag a in  spun fo r  5 m inutes a t th e  same slow  

sp eed . A v e ry  l i t t l e  a d d it io n a l  coarse
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gran u lar  m a te r ia l separated® The su p ern atan t  

was p ip e t te d  from th e  se d im e n t, and th e  

p ro cess  r e p e a te d  a th ir d  and a fo u r th  tim e  

u n t i l  by th e  l a s t  c e n tr i f u g a t io n ,  none o f  th e  

coarse  gran u lar  su b sta n ce  was o b served  to  

sep ara te  from th e  o p a le s c e n t  su sp e n s io n . The 

combined sed im ent o f  the c o a rse  gran u lar  p re­

c ip i t a t e  was washed se v e r a l t im es  w ith  sm all 

amounts o f  d i s t i l l e d  w ater and th e  w ash in gs  

added to  th e  o p a le sc e n t  su p e rn a ta n t. The 

same slow  c e n tr ifu g e  speed  was u sed  but th e  

tim e was len g th en ed  to  15 m in u tes . The 

coarse  gran u lar  f r a c t io n  r e c e iv e d  th e  d e s ig n a ­

t io n  PhS-HgOI (P henol s o lu b le ,  w ater in s o lu b le  

f r a c t io n ) .

T h is  f r a c t io n  was n ever  d r ie d  and cannot 

be d e sc r ib e d  in  th a t  s t a t e ,  A m icro sco p ic  

exam in ation  o f  a p o r t io n  s ta in e d  by Gram's 

method showed th e  w ater in s o lu b le  m a te r ia l to  

be composed o f  sm a ll d i s c r e t e  sp h eres o f  

v a r io u s  s i z e s .  There was some a g g r eg a tio n  o f  

th e  sp h eres but n ever  were th e  a g g r e g a te s  

la r g e .  The sp h eres were much la r g e r  th an  any 

s in g le  B a c t. tu la r e n se  and th e y  v a r ie d  g r e a t ly  

in  s i z e  ( f ig u r e  6 ) .  The f r a c t io n  was s o lu b le  

in  s tr o n g ly  a lk a l in e  s o lu t io n .  A f i v e  m i l l i -
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l i t e r  sample o f  a h e a v ily  tu r b id  su sp en sio n  d i s ­

so lv e d  im m ediately  upon th e  a d d it io n  o f  a s in g le  

drop o f  30#  sodium h yd roxid e. Twice normal sodium  

hydroxide was added drop by drop to  a second 5 m l. 

sample in  order to  determ ine a t  which pH s o lu t io n  

occu rred . The pH o f  th e  s o lu t io n ,  measured on  

th e  Coleman pH m eter a f t e r  s o lu t io n  was co m p lete , 

was found to  be 1 1 .0 .  The su b stan ce  was in s o lu b le  

at a n e u tr a l or a c id  pH, and th e  a d d it io n  o f  HC1 

caused th e  su bstance to  become s tr in g y  and 

f ib r o u s  in  appearance*

The f r a c t io n  gave a p o s i t iv e  r e a c t io n  to  the  

b iu r e t ,  M illo n  and n in h y d rln  t e s t s *  The p a r t i c l e s  

in  th e  b iu r e t  t e s t  ten d ed  to  s e t t l e  out o f  su s­

p e n s io n , and th e  su p ern atan t s o lu t io n  was c o lo r ­

l e s s .  The c o lo r  which accom panies a p o s i t iv e  

b iu r e t  t e s t  was on th e  p a r t i c l e s .

The m a te r ia l was a ls o  p o s i t iv e  to  the  

M olisch  r e a c t io n .

I t  d id  n o t r e a c t  v i s i b l y  w ith  immune serum, 

nor d id  i t  s t im u la te  p ro d u ctio n  o f  an tib ody in  

a r a b b it . (P ages 54 and 5 5 .)

The o p a le sc e n t su p ern atant was c e n tr ifu g e d  

a t  3 ,0 0 0  R.P.M. fo r  2 h o u rs , and th e  r e s u l t in g  

c e n tr ifu g a te  was th e  creamy homogeneous m a ter ia l  

d e sc r ib ed  above. The su p ern atan t was a f a i n t l y
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o p a le sc e n t  s o lu t io n  from which p ro lon ged  c e n t r i ­

fu g a t io n  a t h ig h  speed (4 ,0 0 0  R .P .M .) f a i l e d  to  

throw o u t any fu r th e r  sed im en t. The creamy 

c e n tr ifu g a te  was c o l l e c t e d  and s to r e d  to  be 

s tu d ie d  la te r *  I t  was g iv e n  th e  d e s ig n a t io n  

Fh-HgOSH (P henol w ater s o lu b le  heavy f r a c t io n ) .  

I t  was not t r u ly  w ater so lu b le  b u t , u n le s s  i t  

was c e n tr ifu g e d  in t e n s i v e ly ,  i t  would n ot  

s e t t l e  from su sp en sio n . L i t t l e  s tu d y  was 

made o f  t h i s  m a te r ia l s in c e  th e  su p ern atan t  

was o f  g r e a te r  i n t e r e s t .  I t  r e a c te d  v i s i b l y  

w ith  immune serum but n o t n e a r ly  t o  th e  same 

i n t e n s i t y  a s  d id  th e  o p a le s c e n t  su p e rn a ta n t.

The l a t t e r  was g iv e n  th e  d e s ig n a t io n  Ph-HgOS 

(P henol s o lu b le -w a te r  so lu b le  f r a c t i o n ) ,  and 

i t  was r e a d i ly  p r e c ip i t a t e d  by immune serum  

in  the c o ld .

In  v iew  o f  th e  s u c c e s s fu l  p i l o t  fr a c ­

t io n a t io n  the bu lk  o f  th e  ph en ol s o lu b le  

m a ter ia l was d ia ly z e d  in  runn ing  ta p  w ater  

fo r  84 hours in  numerous c e llo p h a n e  s a c s .

A fte r  d i a l y s i s  was com plete th e  s a c s  were 

hung b e fo re  an e l e c t r i c  fa n , and th e  t o t a l  

volume o f  th e  tu r b id  s o lu t io n  was c o n c en tr a ted  

by e v a p o r a tio n  to  ap p rox im ate ly  1 /1 0  th a t  o f  

th e  o r ig in a l .  The c o n c e n tr a te  was c e n tr ifu g e d
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care f u l l y  as d e sc r ib ed  above, whence th e  4 fr a c ­

tions®  Ph-HgOI, PhS-HgOI® Ph-HgOSH® and Ph-HgOS 

were obta in ed *

The f r a c t io n  Ph-HgOS® w hich m a n ife sted  th e  

g r e a t e s t  a c t i v i t y  o f  a ll®  was found to  be 

in s o lu b le  in  3 volum es o f  e th a n o l in  th e  co ld  

(4 ° C .) .  The c e n tr ifu g a te  from th e  f i r s t  

e th a n o l p r e c ip i t a t io n  d is s o lv e d  v e ry  r e a d i ly  

in  d i s t i l l e d  w ater but a com plete p r e c ip i t a ­

t io n  o f  the m a te r ia l a  second tim e co u ld  not 

be accom p lish ed  e x c e p t in  th e  p resen ce  o f  

sodium acetate®  and a t a  s l i g h t l y  a lk a l in e  

pH. Under th e se  con d ition s®  th e  p r e c ip i t a ­

t io n  o f  th e  a c t iv e  f r a c t io n  was a p p a re n tly  

co m p lete . I t  was a ls o  n o ted  th a t  w ith  each  

s u c c e s s iv e  p r e c ip i t a t io n  w ith  a lc o h o l th e r e  

was an accom panying f a l l  in  the n itr o g e n  

c o n te n t  o f  th e  f r a c t io n .  The produ ct a f t e r  

th e  f i r s t  p r e c ip i t a t io n  y ie ld e d  3 .7  to  4*7^

N on a n a ly s i s ,  and a f t e r  3 more p r e c ip i t a t io n s  

w ith  e th a n o l i t  co n ta in ed  1 .5  t o  1 .7 #  N. There  

was a ls o  an accompanying l o s s  in  a n t ig e n ic  

a c t i v i t y  inasmuch a s  th e  t h r ic e  p r e c ip ita t e d  

a n tig e n  d id  n o t r e a c t  *ifch immune serum in  as 

h ig h  a d i lu t io n  a s  d id  th e  once p r e c ip i t a t e d  

a n tig e n . The f r a c t io n  a ls o  l o s t  a n t ig e n ic
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a c t i v i t y  i f  i t  rem ained in  a lc o h o l fo r  se v e r a l  

d ays, and i t  d evelop ed  a c o n s id e r a b le  amount o f  

a lc o h o l in s o lu b le  m a te r ia l which would not 

r e d is a o lv e  in  d i s t i l l e d  w ater or in  s a l in e  

s o lu t io n . (T able X .)

A fte r  th e  f i r s t  p r e c ip i t a t io n  w ith  e th a n o l 

an a l iq u o t  o f  Ph-HgOS was d r ied  from th e  fro z en  

s ta te  by the ly o p h ile  method to  compare th e  

y ie ld  w ith  th a t from th e  t r y p t ic  d ig e s t  method« 

T h is was 1 6 .5 8 #  o f  th e  t o t a l  w eigh t o f  aceton e  

d r ied  organ ism s, comparing fa v o r a b ly  w ith  th e  

1 5 #  y i e ld  o b ta in ed  by t r y p t ic  d ig e s t io n .  The 

f r a c t io n  was b iu r e t ,  n in h y d rin , and M illon  

n e g a t iv e ,  and s tr o n g ly  M olisch  p o s i t i v e .

(T able X I .)

E vidences o f  th e  p resen ce  o f  red u cin g  

su b sta n ces in  t h i s  m a te r ia l were u n ob ta in ab le

fo r  a lo n g  t im e . B e n e d ic t 's  s o lu t io n  was
%

n ever  reduced by the f r a c t io n ,  even  a f t e r  

h y d r o ly s is  in  stro n g  HC1 fo r  4 h ou rs. The 

f i r s t  in t im a tio n  th a t  h y d r o ly s is  d id  produce 

a red u c in g  su b stan ce  occurred  when m ethylene  

blue was used a s an in d ic a to r .  The pH had to  

be c a r e fu l ly  c o n tr o lle d ;  o n ly  th en  cou ld  r e ­

d u c tio n  o f  th e  in d ic a to r  be n o ted  in  th e  

p resen ce  o f  a p o r t io n  o f  th e  hyd rolyzed  fr a c -
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T able X

1: 5 25 125 625 S .125 1 5 .6 2 5  7 8 .1 3 5  390 .625

PhI-H20 I

PhS-HgOI

PH-HgOSH

Ph-HgOS

Ph-HgOS (3 x )*

Ph-HgOS (3x)4Hf

Ph-HoOSAS

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

4 4 4 3 2 0 0 0

4 4 4 4 3 2 1 0

4 4 4 4 2 1 ? 0

4 4 3 1 0 0 0 0

4 4 4 1 0 0 0 0

#  F r a c tio n  was p r e c ip ita te d  3 tim es by e th a n o l in  th e  p resen ce  
o f  sodium a c e ta te  a t  an a lk a lin e  pH,

Same as above but th e  l a s t  tim e i t  was p r e c ip it a t e d  i t  re ­
mained in  th e  a lc o h o l fo r  approxim ately  7 d ays.

P r e c ip i t in  T it e r s  o f  V ariou s Phenol E x tr a c tio n  F ra c tio n s  

a g a in s t  T u laren se Immune Serum
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Table XI
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O o m GO w to

oa 03 o O o o .
X X 01 03 o j 01
l 1 X X W X

H CO 1 1 1 1
£3 £3 £3 £3 £3 £3
CU a. X X

B iu ret + - - - -

N inhydrin + - - - -

M illo n  + + - - - -

M olisch  -H- + - . . . 4- 4- ___-fat___ -

Chemical T esta  o f  Phenol E x tr a c tio n  

F ra c tio n s
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t i o n .  A fter  t h i s  i t  was a ls o  o b served  th a t  th e  

f r a c t io n  reduced m ethylene b lu e  w ith o u t  

h yd ro lysis®  Q u a n tita t iv e  s t u d ie s  w ith  th© 

Hagedorn and Jen sen  (2 6 )  tech n iq u e  dem onstrated  

th a t  a u n it  amount o f  th e  HOI h y d ro ly zed  fr a c ­

t i o n  reduced more p o tassiu m  fe r r ic y a n id e  to  

potassium  fer r o c y a n id e  them d id  an e q u iv a le n t  

amount o f  unhydrolyzed  fraction ®  H y d r o ly s is  

o f  t h i s  f r a c t io n  w ith  sodium h yd roxid e was 

u n s u c c e s s fu l .  (T able X I I .)  The Ph-HgOS fr a c ­

t io n  was n ever  proven  t o  be a n t ig e n ic  in  

v iv o .

The a lc o h o l su p ern atan t from t h i s  s e r i e s  

o f  p r e c ip i t a t io n s  was pooled  and evaporated  to  

a sm a ll volume in  a vacuum s t i l l .  The r e s id u a l  

m a te r ia l was d ia ly z e d  a g a in s t  runn ing tap  w ater  

fo r  84 hours and t e s t e d  fo r  a n t ig e n ic  a c t i v i t y  

in  v i t r o .  I t  was p r e c ip i t a t e d  by th e  immune 

serum. T h is f r a c t io n  was g iv e n  th e  d e s ig n a ­

t io n  Ph-HgOS-AS (P h en o l-w ater  s o lu b le ,  a lc o h o l  

s o lu b le  su b s ta n c e ) .

Other e x tr a c t io n  methods proved to  be 

l e s s  s u c c e s s f u l .  The y i e l d  o f  a c t iv e  m a ter ia l  

was low; th e r e fo r e  th e  f r a c t io n a t io n s  were n o t  

c a r r ie d  out in  d e t a i l .  W ith fu r th e r  stu d y  and 

proper em phasis th e  3 m ethods cou ld  p rob ab ly

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

T able XII

Per Cent Reducing  
Mgs. Substance

Sample_____________G lucose E q u iva len t__________ G lu cose E q uivalent

1 U nhydrolyzed
Ph-H2OS 0 .0 5 8 1 9 . 3$

2 Ph-H20S  
H ydrolyzed  
w ith  NaOH 0 .0 5 9 1 9 .3 #

3 Ph-H20S  
H ydrolyzed  
w ith  HC1 0 .1 2 7 4 2 .3 €

Reducing Substance in  H ydrolyzed Samples o f  Ph-Ho03
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be mad© to  y i e l d  good r e s u l t s  in  f r a c t io n a t in g  

B a c t, t u la r e n s e „ but w ith  th e  s u c c e s s f u l  fr a c ­

t io n a t io n  ob ta in ed  w ith  th e  2 m ethods d e sc r ib ed  

ab ove, th ey  were n o t  u sed  beyond a l im i t e d  

t r i a l  fo r  com parative purposes®

E xperim ental ev id en ce  fo r  th e  r e a c t io n  o f  

r a b b it s  to  c e r ta in  o f  th e  f r a c t io n s  was found  

to  be more c o n v e n ie n t ly  p resen ted  i f  i t  were 

assem b led . The fo l lo w in g  m a ter ia l e x p la in s  

th e  p roced u res and r e s u l t s  o f  th e s e  e x p e r i­

m ents.

F e lto n , S u t l i f f ,  and S te e le  (2 7 ) showed 

th a t  sm all amounts o f  typ e  I I I  p o ly sa c c h a r id e  

induced th e  p ro d u ctio n  o f  s p e c i f i c  an tib od y  in  

r a b b i t s ,  w hereas la r g e  amounts o f  th e  same 

m a te r ia l d id  n o t .  A la r g e  and a v e ry  sm a ll  

dose o f  th e  Ph-HgOS f r a c t io n  was t e s t e d  fo r  

i t s  p rop erty  o f  s t im u la t in g  a n tib o d y  produc­

t io n  in  r a b b it s .

R ab b its r e c e iv e d  d o ses  o f  Ph-HgOS a s  

in d ic a te d  b e low .

No.
Amt. in j e c t e d  

in  mg.
D osage/day  

Route in  mg.

1 2  5

118 5 .0 IV 1 .0  2 .0  2 .0

113 5 .0 SQ 1 .0  2 .0  2 .0

105 0 .0 5 IV 0 .0 1  0 .0 2  0 .0 2

112 0 .0 5 SQ 0 .0 1  0 .0 2  0 .0 2
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IV in d ic a t e s  in tr a v en o u s  ro u te  o f  in je c t io n #

SQ in d ic a t e s  subcutaneous ro u te  o f  in je c t io n #

A p r e in o c u la t io n  b le e d in g  was perform ed on  

each r a b b it ,  and th e  serum o f  each was t e s t e d  fo r  

th e  p resen ce  o f  a g g lu t in in s  and p r e c ip it in s #

S ix te e n  days fo llo w in g  th e  l a s t  in j e c t io n  a l l  

r a b b it s  were b le d  from th e  h e a r t and th e  serum o f  

each  was t e s t e d  fo r  a g g lu t in in s  and p r e c ip it in s *  

The t e s t s  were c o n tr o l le d  w ith  a known p o s i t i v e  

immune serum*

None o f  th e  r a b b it s  produced d e te c ta b le  a n t i ­

body. Hence th e  Ph-HgOS p o r t io n  was n o t a n t ig e n ic  

in  v ivo*  Table X III shows th e  ob served  f in d in g s*  

The a n t ig e n ic  e f f e c t  in  r a b b it s  o f  th e  

f r a c t i o n s ,  Ph-HgOS, Phl-H gO I, PhS-HgOI, find th e  

a ceto n e  s o lu b le  f r a c t io n  from th e  a ceto n e  ex­

t r a c t io n  p ro ced u re , in d iv id u a l ly  and c o l l e c t i v e l y ,  

was n ot known*

R a b b its  r e c e iv e d  d o ses  o f  a n tig e n s  a s  

in d ic a te d  below*

D osage/day
No. F r a c tio n Route in

1

ml*

3

4 A cetone
S o lu b le IV 0 .5 1 .0

5 PhS-HgOI SQ 0 .5 1 .0

6 Ph-HgOS IV 0 .5

oaH

7 Phl-HoOI IV 0 .5 . . JL*°
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IV in d ic a t e s  in traven ou s r o u te  o f  in j e c t io n ,

SQ in d ic a t e s  subcutaneous rou te  o f  in j e c t io n ,
4

The c o n c e n tr a t io n s  o f  th e  v a r io u s  t e s t  sub­

s ta n c e s  were n o t measured- s in c e  o n ly  th e  p o s s ib le  

a c t i v i t i e s  a s  a n t ig e n s  were to  be te s te d *  B efo re  

th e  t e s t  su b s ta n c e s  were a d m in istered  th e  r a b b it s  

were b led  from th e  h ea rt and th e  serum o f  each  

was t e s t e d  fo r  th e  p resen ce  o f  a g g lu t in in s  and 

p r e c ip i t in s .  F i f t e e n  days a f t e r  th e  l a s t  dose  

th e  anim als were a g a in  b led  and th e  serum o f  

each  was t e s t e d  s im ila r ly *  C o n tro ls  o f  known 

p o s i t iv e  serum were perform ed w ith  th e  unknowns. 

No serum e x cep t th e  p o s i t iv e  c o n tr o l r e a c te d  

w ith  the a n t ig e n . T able XIV shows th e  ob served  

d a ta .

I t  was thought th a t  p o s s ib ly  th e s e  4 sub­

s ta n c e s  m ight be a n t ig e n ic  i f  th e y  were admin­

is t e r e d  a s  a m ix tu re . R abbit No, 5 was su b je c te d  

to  su bcutan eou s in j e c t io n s  o f  a m ixture o f  a l l  

4 a n tig e n s  d u rin g  a p e r io d  o f  7 d a y s , r e c e iv in g  

a to te d  o f  4 ,0  m l. o f  th e  m ix tu re . F ourteen  

days a f t e r  th e  l a s t  dose was a d m in istered  th e  

r a b b it  was a g a in  b le d  and i t s  serum was t e s t e d  

fo r  p r e c ip i t in s  and a g g lu t in in s .

P r e c ip i t a t io n  t e s t s  o f  th e  serum o f  t h i s  

anim al were n e g a t iv e  in  a l l  d i lu t io n s  as were
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T able XXV

Animal
No.

ao 5 

7

Ph-H2OS 6

Acetone S o l. 4

3  a Phl-HgOI
f-jU 3 ©
O tHa e-*
•rl 
<]>

PhS-HgOI

C ontrol
a
5  jPhS-HgOI

h mfchl-HoOI 
o 4)
c!S

<0 o 
a .

Ph-HgOS 

Acetone Sol.

5 

7

6  

4

P r e c ip i t in  T ite r a
5 85 185 685 3 ,1 8 5  1 5 ,6 8 5  7 8 ,185  

0 0 0 0 0 0 0

0 0 

0 0 

0 0

4 4

0

0

0

0

0

0

0

0

0

0

0

0

C ontrol

0 0 

0 0 

0 0 

0 0

4__4

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

A g g lu tin in  T ite r s  
10 80 40 80 160 320 640 i860

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 .0

4 4 4 4

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

4 4 4 4

0

0

0

0

4M S

0

0

0

0

0

0

0

0

0

0

0

0

0 0 

0 0 

0 0 

0 0

JL

0

0

0

0

_0

0

0

0

0

P r e c ip i ta t io n  and A g g lu tin a tio n  T esta  o f  R abbit Sera



a g g lu t in a t io n  t e s t s  a g a in s t  fo rm a lin ize d  B a c tn 

tu la r e n se o

T h erefore  th e  f r a c t io n s  i s o la t e d  from 

B acta tu la r e n se  by phenol e x tr a c t io n  were not  

a n t ig e n ic  in  v iv a c e  itfaer s in g ly  or c o l l e c t iv e ly *
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During th e  cou rse  o f  the work th e  need became 

apparent fo r  a method th a t was cap ab le  o f  d e te c t ­

in g  sm all d i f f e r e n c e s  in  th e  a c t i v i t y  o f  v a r io u s  

a n t ig e n s . The s e r i a l  d i lu t io n  method used to  

compare th e  a c t i v i t y  o f  th e  a n t ig e n s  was not con­

s id e r e d  adequate fo r  th e  d e te c t io n  o f  sm all 

d if f e r e n c e s  o f  a c t i v i t y .  Boyd (2 8 ) warns th a t  

i f  each  s u c c e s s iv e  d i lu t io n  d ou b les th e  p rev iou s  

d i l u t i o n  in  any sy stem , th e  error  in  th e  de­

te r m in a tio n  i s  a u to m a tic a lly  50%, end th a t  100% 

erro r  i s  p o s s ib le  s in c e  i t  i s  d i f f i c u l t  to  

choose which o f  2 tu b es  shows th e  f i n a l  d i lu ­

t io n  w herein  a v i s i b l e  r e a c t io n  has o ccu rred .

The error  i s  even g r e a te r  i f  th e  d i l u t i o n s  are  

f i v e f o l d  or t e n f o ld .  Thus i t  fo l lo w s  th a t  i f  

2 d i f f e r e n t  a n tig e n s  were cap ab le  o f  r e a c t in g  

w ith  antiserum  to  th e  same d i lu t io n  th e y  are  

n o t n e c e s s a r i ly  o f  th e  same p o ten cy  per u n i t  

o f  mass o f  a n t ig e n . I f  o f cou rse  th e r e  were 

d if f e r e n c e s  in  d i lu t io n s  to  which a r e a c t io n  

cou ld  be observed th e  d if fe r e n c e  was v a l id ,  

and the one a n tig e n  cou ld  be assumed to  have 

a g r e a te r  a c t i v i t y .

Gibby (1 5 ) had prepared some m o d ified  

h em a to cr it  tu b es to  compare th e  c u ltu r e  y i e l d s
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o f  B a c t. tu la r e n s e . These tu b es measured th e  

packed volum es o f  c e l l s  and9 by s im p le  c a lc u la ­

t io n *  th e  r e l a t iv e  p ro p o r tio n  o f  c e l l s  t o  

volume was d e term in a b le . The method was v e r y  

s u c c e s s fu l  and i t  was hoped th a t  th e  same 

tech n iq u e  would measure th e  volum es o f  a 

s e r i e s  o f  packed s p e c i f i c  p r e c i p i t a t e s .  As­

cending amounts o f  one r e a c ta n t  were added to  

a c o n sta n t amount o f  th e  o th e r , and th e  volum e 

made co n sta n t by th e  a d d it io n  o f  s a l in e  s o lu ­

t i o n .  A fter  in c u b a tio n  fo r  2 ho*urs th e  p re­

c i p i t a t e  in  each  tub e was w e ll  suspended and 

th e  p r o p o r tio n s  o f  p r e c ip i t a t e s  to  t o t a l  

volum es were d eterm in ed . T h e o r e t ic a l ly  th e  

g r e a te s t  r e la t iv e  volume o f  p r e c ip i t a t e  

should  have been  found in  th e  tub e in  whioh 

th e  p ro p o rtio n  o f  a n t ig e n  t o  a n tib o d y  was at 

or near th e  e q u iv a le n c e  p o in t ,  where th e r e  

was no e x c e s s  o f  e i th e r  or a s l i g h t  e x c e s s  

o f  b o th .

T able XV and f ig u r e  7 i l l u s t r a t e  th a t  

th e  procedure d id  n o t produce th e  ex p ected  

r e s u l t s .  These d a ta  are  r e p r e s e n ta t iv e  o f  

a number o f  s im ila r  t r i a l s .  The cu rves were 

alw ays smooth and r eg u la r  u n t i l  th e y  reached  

a c e r ta in  p r o p o r tio n  o f  a n tig e n  t o  a n tib o d y , 

th e n  th e y  broke and wandered. T h is  occu rred
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vol % 
X 10

vol.% 
X 10

2.0 10.0

8.0

6.0

4.0

0.5
2.0

0  . .025 .059 .075  .100 0  .100 .150 .200 .250 . 3 0 0  .350
mg Antigen ml Antiserum

Volume per cent of Precipitates 

Figure 7

T able XV

Mgo V o l. % 
A n tigen  x  10

0,00  0,00
OoOl 0 .7 2
0 .0 2  1 .2 6
0 .0 3  1 .5 0
0 .0 4  1 .7 7
0 .0 5  1 .1 1
0 .0 6  1 .0 5
0 .0 7  1 .3 4
0 .0 8  1 .4 3
0 .0 9  1 .3 4

Mg. V o l. %
A n tigen  x  10

0 .0 7 5  1 .6 6
0 .1 0 0  2 .6 4
0 .1 2 5  3 .2 0
0 .1 5 0  4 .0 0
0 .1 7 5  5 .7 4
0 .2 0 0  6 .9 8
0 .2 2 5  9 .3 9
0 .2 5 0  1 0 .0
0 .2 7 5  7 .4 2
0 .3 0 0  7 .2 3
0 .3 2 5  8 .7 7
0 .3 5 0  1 2 .1 4
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i r r e s p e c t iv e  o f  which r e a c ta n t  was v a r ie d  and 

which was h e ld  con stan t*  I f  v a r y in g , ascen d in g  

amounts o f  a n tib od y  were added t o  a u n it  o f  

a n t ig e n  th e  curve had a s l i g h t l y  d i f f e r e n t  shape 

th an  i f  th e  an tib o d y  were h e ld  c o n sta n t and th e  

a n t ig e n  added in  ascen d in g  amounts*

Many a ttem p ts were made to  a l t e r  th e  cou rse  

o f  th e  curve by a l t e r in g  th e  p h y s ic a l  c o n d it io n s  

surrounding th e  r e a c tio n *  The amount o f  e le c t r o -  

l y t e  in  which th e  r e a c t io n  occu rred  was v a r ie d ,  

th e  pH was v a r ie d , and th e  tu b es  w ere shaken  

c o n tin u o u s ly  throughout in c u b a tio n , but a l l  

w ith  a s im ila r  r e s u lt*  The o v e r a l l  h e ig h t  o f  

th e  curve was changed w ith  t h e s e  changes o f  

c o n d it io n s  but th e  shape rem ained th e  same, 

and th e  break and wander came a t app roxim ately  

th e  same r a t io  o f  an tib o d y  t o  a n t ig e n .

U lt im a te ly  th e  h em atocr it tu b e s  were d i s ­

carded and a method o f  com parison was d e v ise d  

w h ich , though i t  d id  n o t r e s u l t  in  a cu rv e , 

gave an a ccu ra te  end p o in t  a t th e  eq u iv a len ce  

zone* T h is method was found to  be u s e fu l  not  

o n ly  fo r  comparing th e  a n t ig e n ic  a c t i v i t y  o f  

f r a c t io n s  o f  B a c t. tu la r e n a s * but a ls o  fo r  

comparing th e  an tib od y  c o n ten t o f  v a r io u s  

l o t s  o f  tu la r e n se  immune serum. The l a t t e r  

com parisons were made in  c o n ju n c tio n  w ith
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serum p r o te c t io n  t e s t s  in  r a t s 9 and th e  r e s u l t s  

o f  the an tib od y  t i t r a t i o n s  in  v i t r o  were in  

good agreem ent w ith  th e  r e s p e c t iv e  s u r v iv a l  

r a te s  o f  ch a llen g ed  r a t s .  (F oshay, Ruchman 

and N ic h o le s  ( 3 5 ) . )

The t e s t s  were s e t  up in  a s e r i e s  o f  tu b es  

so th a t  an tib od y  was mixed w ith  a n t ig e n  in  

v a r y in g  p r o p o r tio n s . I f  two or more a n t ig e n s  

were to  be compared a c o n sta n t  amount o f  each

was s e t  up a g a in s t  vary in g  q u a n t i t ie s  o f  a

g iv e n  an tiseru m . I f  two or  more a n t is e r a  

were to  be compared a c o n sta n t amount o f  each

was s e t  up a g a in s t  v a r y in g  q u a n t i t ie s  o f  a

g iv e n  a n t ig e n . In  each ca se  th e  volume in  

a l l  th e  tu b es was kept co n sta n t by a d d it io n  

o f  s a l in e  s o lu t io n . T able XVI and t a b le  XVII 

i l l u s t r a t e  th e  u su a l a d d it io n s  o f  r e a g e n ts  

in  th e  r e a c t io n  tu b e s . The tu b es  were w e ll  

mixed by shaking and were in cub ated  fo r  2 to  

3 hours a t  37®C. They were th en  c e n tr ifu g e d  

to  throw down th e  p r e c ip i t a t e s  and the super­

n a ta n ts  were d iv id e d  and t e s t e d  fo r  th e  

p resen ce  o f  both  e x c e ss  an tib od y  and a n t ig e n .  

The c o n c e n tr a tio n  o f  th e  v a ry in g  r e a c ta n t  a t  

which n e ith e r  was p resen t in  e x c e s s  or a t  

which both  were p r e se n t in  s l i g h t  e x c e s s  was 

co n sid ered  to  be th e  end p o in t  and the eq u iv a -
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No.
Mg®

A ntigen

T able W I

Ml.
A n tigen  A ntibody  
S o lu t io n  S o lu t io n

NaCl
S o lu t io n

Tota:
Ml.

1 0 .0 1 0 .1 0 .5 1 .9 2 .5

2 0 .0 2 0 .2 n 1 .8 i i

3 0 .0 3 0 .3 Hi 1 .7 ii

4 0 .0 4 0 .4 i i 1 .6 M

5 0 .0 5 0 .5 W 1 .5 «

6 0 .0 6 0 .6 II 1 .4 II

7 0 .0 7 0 .7 II 1 .3 II

8 0 .0 8 0 .8 II 1 .2 H

9 0 .0 9 0 .9 II 1 .1 II

10 0 .1 0 1 .0 lli 1 ,0 II

11 0 .1 1 1 .1 t l 0 .9 »

12 0 .1 2 1 .2 II 0 .8 II

13 0 .1 3 1 .3 II 0 .7 II

14 0 .1 4 1 .4 VI 0 .6 II

15 0 .1 5 1 .5 II 0 .5 II

16 0 .1 6 1 .6 I I 0 .4 I)

17 0 .1 7 1 .7 « 0 .3 w

18 0 .1 8 1 .8 I I 0 .2 II

19 0 .1 9 1 .9 II 0 .1 H

20 0 .2 0 2 .0 VI 0 .0 n

A n tlgen  S o lu t io n

0*1 m g ./m l. o f  s o lu t io n

a n tib o d y  S o lu t io n

0 .2  m l. serum /fiil. o f  s o lu t io n

NaCl
0 .9 #  s o lu t io n

A d d itio n  o f  R eagents t o  D eterm ine  
A ntib ody Index

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



T able XVII

S e r ie s
A

S e r ie s
B

Ml. 
Antiserum  
S o lu t io n

Ml.
A n tigen
S o lu t io n

Ml.
S a lin e

S o lu t io n
T o ta l

Ml.

01 1 0 .1 0 .5 0 .9 1 .5

02 2 0 .2 ♦i 0 .8 it

03 3 0 .3 H 0 .7 it

04 4 0 .4 0 .6 i i

05 5 0 .5 0 . 5 tt

06 6 0 .6 » 0 .4 it

07 7 0 .7 M 0 .3 i i

08 8 0 .8 t l 0 .2 »

09 9 0 .9 II 0 .1 i t

1 10 1 .0 H 0 .0 i i

S e r ie s  A

For antiserum  a d d it io n s  u se  a s  in d ic a te d  a 
1 :1 0 0  d i lu t io n  o f  th e  stan dard  antiserura.

S e r ie s  B

For an tiserum  a d d it io n s  u se  a s in d ic a te d  a 
1 :1 0  d i lu t io n  o f  th e  stan dard  an tiseru m .

The A n tigen  S o lu t io n

C ontains 0 .1  m g ./m l. o f  s o lu t io n  o f  the  
a n tig e n  to  be t e s t e d .

The A S e r ie s  i s  t o  be u sed  where th e  a c t i v i t y  
o f  th e  a n tig e n  per m l. f a l l s  below  th e  range  
measured by S e r ie s  B*

A d d itio n  o f  R eagen ts to  Determ ine  
th e  A n tigen  Index
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le n c e  p o in t o f  t h i s  a n tig e n -a n tib o d y  system®

In most ca ses  th e  end p o in t was v e ry  sharp®

T able XVIII reco rd s  th e  r e s u l t s  o f  s e v e r a l  

t e s t s  o f  th e  phenol and w ater so lu b le  a n tig e n  

a g a in s t  v a r io u s  a n t is e r a .  T able XIX reco rd s  

s e v e r a l  t e s t s  o f  one antiserum  a g a in s t  some o f  

th e  d i f f e r e n t  a c t iv e  a n t ig e n s  o b ta in ed  by the  

d e sc r ib ed  f r a c t io n a t io n  m ethods. A ll  f r a c t io n s  

are n o t  rep resen ted  s in c e  some had been e n t i r e ly  

d e p le ted  by o th er  exp erim en ts but a l l  f r a c t io n s  

which showed a c t i v i t y ,  and were s t i l l  a v a i la b le ,  

were t e s t e d .

Each a n tig e n  and each antiserum  was g iv e n  

an index number which r e p r e se n te d  a r a t io  o f  th e  

r e a c ta n ts  a t  th e  eq u iv a len ce  p o in t .  T h is number

was d er iv ed  as fo l lo w s ;

Ai — G
A1 "TT ( l )

where G i s  th e  amount o f  a n tig e n  in  m illig ra m s  

n e c e ssa r y  to  p r e c ip i t a t e  A m i l l i l i t e r s  o f  the  

antiserum  at th e  eq u iv a len ce  p o in t ,  and Ai i s  

th e  index number fo r  th a t  serum. A lso ,

Gi = Q , .nr (2 )
where A i s  th e  amount o f  antiserum  in  m i l l i ­

l i t e r s  s u f f i c i e n t  to  p r e c ip i t a t e  G m illig ra m s  

o f  th e  a n tig e n  a t the eq u iv a len ce  p o in t , and 

Gi i s  th e  index number fo r  th a t  a n t ig e n .
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T a b le X V III

H to in e*> CO CT> o H to in CO e- 00 o> o
Mgs. O o o o o o o o o H rH H r-t r-t t—i pH r-l r-l H 0 3

A n tig en o o o o o o o o o o o o o o o
© • 

o o o O O

G /S + + L“44°G
S/A + + T + + + + + 0 .1  iaL

S/A _ mm + + + + + + + #50737
G/S + + + + + * 0 .1  ml

S/A + + + + + + + L-45-A
G/S + + + - 0 ,1  ml

S/A + + + + L-44-E
G/S + + + + + + + - - - 0 .1  mi

Mgs.
A n tig en

S/A
G/S

S/A
G/S
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NO
o
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oeo

So«
o

in
oo

•
o

<0oo
•

o

c-o
o

00o
o

•
o

0>ooe
o

o
o

+ + + +
_ + + + # 7 9 4 0 9 -G 
+  4- _ Ool m l.

-  + + + + + Normal H orse  
0 .1  m l.

S s  S u p ern a ta n t; A -  A ntiserum ; G s  A n tig en  
+ -  P o s i t i v e  r in g  t e s t ;  -  -  N e g a tiv e  r in g  t e s t

E q u iv a len ce  P o in t  o f  V a r io u s  Immune S era  a g a in s t  Ph-HgOS
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T a b le  XIX

M l. S 3 8 3 8 8 S 8 8 2
.  ' . j  ' O • ' ♦ • • 4 • • • # 6A ntiseruro o  o  o  o  o  o  o  o  o  o

S/A + + + _ _  _ Ph-HgOS
. . - G/S. . . . . . — . • _+ • -*F • "F + + -F + 0 .0 5  mg.

S/A  + + + D1-3FDAI
. G /S — — J ^ ' ^ ' F ' F ' F ' F ^ F ' F  0 .0 5  mg.

S/A + + + „ Ph-HgOS (A le .  p p t . )
G /S _ _ + + + + + + + + 0 .0 5  mg.

S /A  -  -  -  -  -  -  -  ~ _ Ph-H20SH
G /S -  , + +. + + . + + + + + 0 .0 5  mg.

H O J t o ^ t o y j t ^ o o o i O
o q o o o o o o o h  M l. o o o o o o o o o o

Ant i  serum o  o  p  p o p  p  p  p  q

S/A  + + + + + _ _ _ _  -  ^'Ph-HoOS ( A le .  p p t . )
G/S -  -  -  -  + + ' + + + + 0 . 0 5  mg.

#  A n tig en  was a llo w e d  to  sta n d  in  th e  a lc o h o l  
7 d ays d u rin g  p r e c i p i t a t i o n .

S a S u p ern a ta n t; A = A ntiserum ; G * A n tig en  
+ = P o s i t i v e  r in g  t e s t ;  -  “ N e g a tiv e  r in g  t e s t

E q u iv a len ce  P o in t  o f  V a r io u s  A n tig en  
F r a c t io n s  a g a in s t  T u la ren se  

Immune Serum L -44-E
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A Linear C om parison  of 'lAi
of Various A ntisera 

F igure 8
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A B C 0   ̂ E
A Linear Com parison of "Gi" 

of V arious F rac tio n s

Figure 9

A -  Ph-HgOS 

B -  Di-3FDAI

C -  PI1-H 2 OS (A lc o h o l p r e c ip i t a t e d )  

D -  Ph-H20SH

E -  Ph-HoOS (A lc o h o l p r e c ip it a t e d .
w as a llo w e d  t o  s ta n d  
fo r  so m e tim e .)

' F r a c t io n  
i n  a lc o h o l
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F ig u res 8 and 9 are l in e a r  com parisons o f  

th e  t e s t e d  a n t is e r a  and a n t ig e n s  r e s p e c t iv e ly .

In o n ly  one in s ta n c e  d id  th e  t e s t  f a l l  to  

g iv e  a sharp eq u iv a len ce  p o in t .  The p h en o l, 

w ater and a lc o h o l s o lu b le  f r a c t io n  showed an 

e x c e s s  o f  both  a n tig e n  and a n tib o d y  throughout 

the range from 0 .0 2  mg, t o  0 ,3 0  rag. o f  a n t ig e n  

a g a in s t  0 .1  m l. o f  an tiseru m . (T able XX)

I t  was n o ted  in  the in tr o d u c t io n  t h a t  

complement f i x a t io n  by any a n t ig e n -a n tib o d y  

system  o f  B a c t. tu la r e n a s  had n o t been a d eq u a te ly  

e x p lo r e d . Downs (1 -b )  ob served  th a t  th e r e  was 

no w h o lly  s u i ta b le  a n tig e n  fo r  th e  t e s t .  The 

whole b a c t e r ia l  c e l l  m a n ife s ts  an anticom plem en­

ta r y  e f f e c t  and, t h e r e f o r e ,  r ed u ces  th e  s e n s i ­

t i v i t y  o f  th e  r e a c t io n . The a n tib o d y  fo r  th e  

system  p r e s e n ts  th e  same problem . Many a n t i ­

se r a  from v a r io u s  so u rces  were ob served  by 

Downs to  be anticom plem entary , w ith  human serum 

showing t h i s  p r o p e r ty  th e  l e a s t .

I t  seemed p o s s ib le  th a t  th e  u se  o f  th e  

Ph-HgOS f r a c t io n  a s an a n tig e n  might e lim in a te  

th e  anticom plem entary e f f e c t  ob served  w ith  

b a c t e r ia l  c e l l s .  Complement f i x a t io n  t e s t s  

were perform ed w ith  i t  a s  a n t ig e n . S in ce  th e  

u n ion  o f  a n tig e n  and a n tib o d y  formed a p re­

c ip i t a t e  i t  was n e c e ssa r y  t o  c e n tr ifu g e  th e
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tu b es  so th a t  r ea d in g s  cou ld  be made w ithou t  

th e  co n fu sin g  t u r b id i t y  caused by th e  p r e c ip i ­

t a t e .  The degree o f  h em o ly sis  was judged (a )  

by the in t e n s i t y  o f  th e  c o lo r  o f  th e  su p ern atant  

f lu id s *  and (b ) by com parison o f  th e  sedim ented  

e r y th r o c y te s  in  th e  c e n tr i f u g a te s .

T able XXI i l l u s t r a t e s  a  t y p ic a l  complement 

f i x a t io n  t e s t  in  w hich in c r e a s in g  in crem en ts o f  

a n tig e n  were added to  a con stan t amount o f  a n t i ­

serum (0 .1 4  m l.)  and made t o  a co n sta n t volume 

o f  1 .0  m l. w ith  s a l in e  s o lu t io n .  Antiserum  in  

h ig h er  c o n c e n tr a t io n  per u n it  volume was a n t i ­

complem entary. The a n tig e n  was not a n t i ­

complementary a t  any c o n c e n tr a tio n . F ix a t io n  

was n ot com plete* but alm ost s o . An in c r e a se  

in  q u a n tity  o f a n tig e n  d id  not in c r e a se  

f ix a t io n ;  on th e  c o n tr a r y , a s  th e  con cen tra ­

t io n  o f  th e  a n tig e n  in crea sed  above 0 .1  mg. 

l e s s  complement was f ix e d .  I t  was in d ic a te d  

th a t  th e  op tim al amount o f  a n tig e n  was betw een

0 .0 9  and 0 .1 0  mg. o f  a n t ig e n  fo r  0 .1 4  m l. o f  

antiserum  (L -4 4 -E ). I f  o n ly  1 to  1 .5  u n i t s  o f  

complement had been added i t  i s  p o s s ib le  th a t  

com plete f i x a t io n  would have occu rred .
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T able XXI

No.
Ml.

A n tigen
Ml.

Antiserum S a lin e Complement
S e n s it iz e d

C e l ls R e s u lt s

1 0 .0 2 0 .1 4 0 .3 4 0 .3 0 0 .2 0 .5  +
2 0 .0 4 0 .1 4 0 .3 2 0 .3 0 0 .2 0 . 5 +
3 0 .0 6 Oe 14 0 ,3 0 0 .3 0 0 .2 1 .0  -f
4 0 .0 8 0 .1 4 0 .2 8 0 .3 0 0 .2 1 .0  +
5 0 .1 0 0 .1 4 0 . 26 0 .3 0 0 .2 2 .0  +
6 0 .1 2 0 .1 4 0 .2 4 0 .3 0 0 .2 2 .0  +
7 0 .1 4 0 ,1 4 0 .2 2 0 . 30 0 .2 2 . 5 +
8 0 .1 6 0 .1 4 0 .2 0 0 . 30 0 .2 3 .0  +
9 0 .1 8 0 .1 4 0 .1 8 0 .3 0 0 .2 3 .5  +

10 0 .2 0 0 .1 4 0 .1 6 0 .3 0 0 .2 3 .5  +
11 0 . 20 - 0 .3 0 0 .3 0 0 .2 0 +
12 0 .1 4 0 .3 6 0 . 30 0 .2 0 +
13 — - 0 . 50 0 .3 0 0 .2 0 +
14 - - 0 .8 0 - 0 .2 -

Complete f ix a t io n  i s  in d ic a te d  by th e  number 4+.

A n tigen  S o lu t io n  
0* 5 rag*/m l.

A ntiserum  S o lu tio n  
U n d ilu ted

Complement
1 u n i t / 0 . 15 ml.

Complement F ix a t io n  T est
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DISCUSSION

Methods have been d e v ise d  and d e sc r ib e d  

whereby c e r ta in  su b sta n c es  w hich m a n ifested  

a n t ig e n ic  a c t i v i t y  were f r a c t io n a te d  from  

B a c t„ tu la r e n s e ,  Methods were a ls o  d e v is e d  

and d e sc r ib ed  f o r  com parative measurement o f  

th e  a n t ig e n ic  a c t i v i t y  o f  th e se  su b s ta n c e s» 

and some p r a c t ic a l  U3es fo r  th e  f r a c t io n s  

have been dem onstrated  or in d ic a te d .

I t  was n e c e s s a r y  t o  a tta c k  th e  b a c t e r ia l  

c e l l  in  ord er  t o  o b ta in  a c t iv e  su b s ta n c e s .

The s l i g h t  a c t i v i t y  which was dem onstrated  

in  a d ia ly z e d  c u ltu r e  f i l t r a t e  m ight be ex ­

p la in e d  by exp erim en ts o f  F oshay, Downs, 

Ruchman and N ic h o le s  (2 9 ) who found th a t  a 

f in e  s in te r e d  g l a s s  f i l t e r  d id  n o t remove 

a l l  th e  organism s from a c u ltu r e  super­

n a ta n t ,  These organ ism s were v ia b le  and 

th e r e fo r e  can h a r d ly  be c a l l e d  a f r a c t io n  

B a c t, tu la r e n s e .  I t  was p rob ab ly  an 

a g g r eg a tio n  o f  th e s e  t in y  rep ro d u c tiv e  

u n i t s  a t the in t e r f a c e  o f th e  immune serum 

and c u ltu r e  su p ern atan t th a t  caused the  

p o s i t iv e  r e a c t io n .  No p r e c ip i t in  r e a c t io n  

was ob served  w ith  n o n -d ia ly z e d  c u ltu r e  

f i l t r a t e s .  The r ea so n  fo r  t h i s ,  and fo r
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th e  i n a b i l i t y  o f  immune serum to  a g g lu t in a te  

B a c t. tu la r e n s e  in  th e  p resen ce  o f  t h i s  medium,, 

i s  n o t known. The s a l t  c o n c e n tr a tio n  o f  th e  

medium was h ig h  (a p p rox im ate ly  0 .2 6  Molar NaCl) 

b u t, ju d g in g  from the e x p e r ie n c e  o f  many w orkers 

w ith  d i f f e r e n t  a n tig e n -a n tib o d y  sy stem s, i t  was 

n o t so h ig h  th a t  i t  would b lo c k  a g g lu t in a t io n  

com pletely*  I t  seems more probab le th a t o th e r  

c o n s t i tu e n t s  o f  th e  medium are r e s p o n s ib le  fo r  

th e  f a i lu r e  t o  a g g lu tin a te *

A lthough m ild  trea tm en t o f  B a ct. tu la r e n s e  

w ith  a ceto n e  d id  n ot a p p rec ia b ly  a l t e r  a n t ig e n ic i t y  

i t  d id  a l t e r  i t s  a g g lu t in a b i l i t y  by immune serum. 

C ontinued r ig o r o u s  treatm en t w ith  a ceto n e  a l t e r e d  

i t s  a n t ig e n ic i t y ,  and i t s  a g g lu t in a b i l i t y  was 

d im in ish ed  to  an even  g r e a te r  d e g r ee . T h is  

phenomenon ( l o s s  o f  a g g lu t in a b i l i t y  o f  th e  c e l l s  

a f t e r  trea tm en t w ith  v a r io u s  s o lv e n ts  and 

o x id a t io n  p ro ced u res) was ob served  by Foshay  

and E ig e lsb a ch  ( 3 0 ) .  They immunized r a b b its  

t o  s e v e r a l d i f f e r e n t l y  prepared a n t ig e n s , and 

found th a t  even  though th e  a n t is e r a  from th e s e  

anim als would a g g lu t in a te  fo r m a lin iz e d  c e l l s  t o  

a h ig h  t i t e r ,  th e y  a p p a ren tly  would a g g lu t in a te  

t h e ir  hom ologous a n tig e n s  to  o n ly  a v ery  low  

t i t e r  or n o t a t  a l l .  D e sp ite  t h i s  th e y  showed
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th a t  th e se  t r e a te d  c e l l s  were abl® to  absorb  

antib ody q u a n t i t a t iv e ly  from Immune se ra .

Cohn (3 1 ) dem onstrated th e  same phenomenon 

a f t e r  t r e a t in g  P ro teu s 0X19 w ith  benzene 

s u lfo n y l c h lo r id e . Immune serum which would 

n orm ally  a g g lu t in a te  n a t iv e  organism s would 

not a g g lu t in a te  th e  tr e a te d  organism s. He 

fu r th er  determ ined  th a t  an a n tig e n -a n tib o d y  

complex was formed even though a g g lu t in a t io n  

f a i l e d  to  occur* and he concluded th a t  t r e a t ­

ment w ith  benzene s u lfo n y l  c h lo r id e  a lte r e d  

th e  su r fa c e  to  such an e x te n t  th a t " la t t ic e "  

form ation  d id  n o t tak e  p la c e  and th u s aggrega­

t i o n  d id  n o t o ccu r .

In  a l l  p r o b a b il i ty  th e  e f f e c t  o f  trea tm en t  

o f B act. tu la r e n s e  w ith  a c e to n e , n itr o u s  a c id ,  

or phenol a f f e c t s  some su r fa c e  fe a tu r e  o f  th e  

b a c te r ia l  c e l l  w hich i s  c lo s e l y  r e la te d  to  

a g g lu t in a t io n , but th a t  t h i s  a l t e r a t io n  i s  n ot  

e s p e c ia l ly  r e la te d  to  the un ion  o f  a n tig e n  and 

an tib od y . I t  i s  o f  in t e r e s t  to  p o in t ou t th a t  

a form alin  tr e a te d  su sp en sio n  o f  B act. tu la r e n se  

i s  the standard a g g lu t in a t io n  a n tig en  used  in  the  

d ia g n o s t ic  la b o r a to r y  a g g lu t in a t io n  p roced u re, 

and s in o e  fo rm a lin  h as an a f f i n i t y  fo r  amino 

groups th a t  in  a l l  p r o b a b ili ty  the amino group
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does n o t p la y  an im portant r o le  in  th e  a n t ig e n -  

an tib od y  complex o f  Bact® t u la r e n s e . F urther  

s tu d ie s  o f  th e  a g g lu t in a t io n  r e a c t io n  in  th e  

p resen ce  or absence o f  fo rm a lin , and in  th e  

p resen ce  o f  v a r io u s  c o n c e n tr a tio n s  o f  fo rm a lin  

may in d ic a te  w hether or  n o t  t h i s  d ed u ctio n  i s  

c o r r e c t  o

The c e l l s  o f  B a c t. tu la r e n se  were s u c c e s s ­

f u l l y  a tta ck ed  by d ig e s t io n  w ith  tr y p s in *  P h y s ic a l  

and chem ical m an ip u la tion  o f  th e  p ro d u cts  o f  

d ig e s t io n  y ie ld e d  both  im m u n olog ica lly  a c t iv e  

and in a c t iv e  products* Only one o f  th e  a c t iv e  

p rod u cts showed immunogenic p r o p e r t ie s ;  th e  

f r a c t io n  c a l le d  Di-3F* A fter  d i a l y s i s  t h i s  

same su b stan ce  f a i l e d  t o  s t im u la te  an tib od y  

p ro d u ctio n  in  r a b b its*  At no tim e t h e r e a f t e r ,  

nor w ith  any subsequent f r a c t io n ,  was an tib od y  

p ro d u ctio n  dem onstrated* The q u e s t io n  a r i s e s ,

Why wa3 the f r a c t io n  D i-3F a n t ig e n ic  in  v iv o , 

whereas D1-3FD was not?  The d ia ly z a te  from  

D i-3F  m a n ifested  no a c t i v i t y  in  v i t r o  and, 

t h e r e fo r e ,  no attem pt was made to  e s t a b l i s h  a 

r e a c t io n  in, v iv o * F a ilu r e  to  do t h i s  i s  now 

p e r c e iv e d  to  have been an error  b ecause now i t  

i s  n ot known i f  th e r e  was an immunogenic 

d ia ly z a b le  su b stan ce  p r e se n t  in  D i-3 F . S p ie s ,
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B ern ton , and S te v en s  (3 2 )  i s o la t e d  a d ia ly z a b le  

immunogenic su b sta n ce  from c o tto n se e d . B efore  

d i a l y s i s  i t  was a p r o te in -p c ly s a c c h a r id s  com plex. 

A fte r  d i a l y s i s  an in a c t iv e  p o ly sa c c h a r id e  rem ained  

in  th e  c o l lo d io n  s a c ,  and an immunogenic su b sta n ce  

which gave p o s i t i v e  t e s t s  fo r  p r o t e in  was found in  

th e  d ia ly z a t e .  C ou lson , S p ie s ,  and S te v en s  (3 3 )  

l a t e r  compared th e  d i a l y z a b i l i t y  o f  t h e i r  im m unogenic, 

p r o t e ic  product w ith  th e  d i a l y z a b i l i t y  o f  ovalbum in, 

and a r r iv e d  a t  th e  c o n c lu s io n  th a t  th e  immunogenic 

su b stan ce  was f r e e l y  d i f f u s i b l e  through a c o l lo d io n  

membrane. I t  i s  p o s s ib le  th a t  a d i f f u s a b l e , a n t i ­

g e n ic  m o lecu le  was p r e se n t  in  th e  f r a c t io n  D i-3 F ,

I t  seems d o u b tfu l i f  t h i s  su b sta n ce  cou ld  have  

been immunogenic s in c e  most e f f i c i e n t l y  immunogenic 

su b sta n c es  are o f  la r g e  m olecu lar  s i z e .

I t  i s  g e n e r a l ly  agreed  th a t  a la r g e  m o lecu le  

i s  a b e t t e r  a n t ig e n  th an  a sm all on e , and th a t  

among a n t ig e n ic  su b sta n c es  th e  la r g e r  th e  m olecu le  

th e  b e t te r  th e  a n t ig e n . P a r t i c l e  s i z e s  may be 

in c r e a se d  by a d so r p tio n  o f a w eakly a n t ig e n ic  

m o lecu le  upon a la r g e r  m olecu le or p a r t i c l e  such  

a s c o l lo d io n  o r  c h a r c o a l, th u s in c r e a s in g  th e  

a n t i g e n i c i t y  o f  a poor a n t ig e n . Boyd and M alk ie l 

(3 4 )  adsorbed c r y s t a l l in e  horse hem oglob in  onto  

k i l l e d  b a c t e r ia ,  and produced th e r e w ith  a s p e c i f i c
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antibody fo r  th© hem oglobin . Boyd (2 8 ) s t a t e d ,

MEven m erely  suspending p a r t ic u la t e  m a te r ia l , 

e s p e c ia l ly  k i l l e d  m icroorganism s in  a s o lu t io n  

o f  an a n tig e n  may s u f f i c e  to  enhance th e  a n t i ­

g e n ic  s tim u lu s  so th a t  f a i r  a n t is e r a  may be 

ob ta in ed  a g a in s t  poor a n t ig e n s  such a s hemo­

glob in *  M An analogou s s i t u a t io n  may have 

e x is t e d  w ith  r e sp e c t  t o  th e  d ig e s t  f r a c t io n  

used  to  immunize r a b b it s .  I t  was n o ted  th a t  

Gram n e g a t iv e  organism s were p resen t a s  con­

tam inants in  th e  in je c te d  su sp en sio n s*  I t  

i s  p o s s ib le  th a t  e i t h e r  th e  a c t iv e  carbohydrate  

fr a c t io n *  or a d ia ly z a b le  p r o te in  f r a c t io n ,  

was adsorbed on th e  b a c te r ia  and th a t  t h i s  

caused th e  s p e c i f i c  a n t ig e n ic  s t im u lu s .

The d ig e s t io n  i t s e l f  was q u ite  s u c c e s s fu l  

in  break ing  down th e  organism s s in c e  7 9 .7 6 #  o f  

th© d r ied  organism s was d ig e s te d  to  a m olecu lar  

s iz e  which would p a ss  a  c e llo p h a n e  membrane.

The d ia ly z a te  c o n ta in e d , th e r e fo r e ,  by fa r  th e  

g r e a t e s t  p art o f  th e  organism s in  th e  form o f  

s a l t s  and su b sta n ces  which were p o s i t i v e  to  th e  

u su a l t e s t s  fo r  p r o te in s .

Not much was lea rn ed  o f  th e  f r a c t io n  Di-3FDAS^.

I t  was n e g a t iv e  to  t e s t s  fo r  p r o te in  and carb ohydrate, 

y e t  i t  con ta in ed  a s l i g h t  a c t i v i t y .  T h is  cou ld
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have been by con tam in ation  from th e  a c t iv e  

fr a c t io n *  A sm all amount which had rem ained  

so lu b le  from th e  f i r s t  p r e c ip i t a t io n  w ith  

e th a n o l co u ld  have been p r e sen t in  to o  sm all 

a q u a n tity  to  g iv e  a p o s i t iv e  chem ica l t e s t  

fo r  carbohydrate* Immunologic r e a c t io n s  have 

long  been known to  be more s e n s i t i v e  th an  

many chem ical t e s t s .

The two f r a c t io n s ,  Di-3FDAI and Di-3FDASg, 

in  l i g h t  o f  the e x p e r ien ce  w ith  th e  e th a n o l  

s o l u b i l i t y  o f  f r a c t io n  Ph-HgOS in  th e  p resen ce  

o f  sodium a c e ta te  and sodium h y d ro x id e , were 

undoubted ly  th e  same m a te r ia l.  The imm unologic  

a c t i v i t y ,  th e  chem ical c h a r a c t e r i s t i c s  so  fa r  

as th e y  became known, and th e  p h y s ic a l  c h a r a c ter ­

i s t i c s  o f  th e  2 f r a c t io n s  were a l ik e  ex cep t fo r  

th e  r e s p e c t iv e  s o l u b i l i t i e s  in  e th a n o l. I t  i s  

probab le th a t  the d ig e s t  f r a c t io n  would a ls o  

have proved to  be in s o lu b le  in  e th a n o l i f  a 

s a l t  such a s sodium a c e ta te  had been p resen t  

a t  th e  tim e p r e c ip i t a t io n  was a ttem p ted .

A second s u c c e s s fu l  a tta c k  on th e  b a c t e r ia l  

c e l l  was made w ith  co n cen tra ted  p h en o l. Palmer 

and G erlough (2 2 ) found th a t  th e  c a p su la r  p o ly ­

sa c c h a r id e s  o f  most ty p e s  o f  pneum ococci were 

in s o lu b le  in  co n cen tra ted  p h en o l. P o ly sa c c h a r id e s
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w hich were a ls o  s o lu b le  in  p h en o l were reco v ered  

from phenol s o lu t io n s  by f r a c t io n a l  p r e c ip i t a ­

t io n  w ith  a lc o h o l or  g l a c i a l  a c e t i c  a c id .  Th® 

immunogenic su b sta n c es  were i s o l a t e d  from th e  

p h en ol In so lu b le  p o ly sa c c h a r id e 0 They a ls o  

o b ta in e d  an immunogenic phenol in s o lu b le  p o ly ­

sa c c h a r id e  from ty p h o id  b a c i l l i  a f t e r  t r e a t in g  

aceto n e  e x tr a c te d  organism s w ith  co n c en tr a ted  

p h en o l. Both o f  th e s e  immunogenic p o ly sa c c h a r id e s  

were found in  th e  phenol in s o lu b le  f r a c t io n s .

Phenol e x tr a c t io n  o f  B a c t. t u la r e n s e .  how ever, 

did  n o t  y i e l d  an immunogenic p h en o l in s o lu b le  

carb oh yd rate . On th e  co n tra ry  i t  y ie ld e d  an im- 

m u n o lo g ic a lly  in e r t  su b stan ce w hich  r e a c te d  

p o s i t i v e l y  to  t e s t s  fo r  carb oh yd rates and 

n e g a t iv e ly  toward t e s t s  fo r  p r o te in s  and w as, 

t h e r e f o r e ,  judged to  be a ca rb o h y d ra te , probab ly  

a p o ly sa c c h a r id e .

The phenol so lu b le -w a te r  in s o lu b le  f r a c t io n ,  

PhS-HgOI, was judged to  be a p r o te in  c o n s t i tu e n t  

o f  th e  organism s s in c e  a l l  t e s t s  fo r  p r o te in  were 

p o s i t i v e .  One would have rea so n  to  e x p e c t th a t  

t h i s  f r a c t io n  m ight have been  a n t ig e n ic .  However, 

i t  was n o t .  I t  i s  known th a t  c h e m ic a lly  induced  

changes in  p r o te in s  may a l t e r  s p e c i f i c i t y  and 

even  d e s tr o y  t h e ir  a n t ig e n ic i t y .  I t  i s  p robab le

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



- 73-

th a t  th e  treatm en t to  w hich t h i s  p r o te in  was 

s u b je c te d  d estro y ed  i t s  immunogenic c h a r a c te r .

L ess d r a s t i c  m easures o f  e x tr a c t io n  would 

p rob ab ly  have y ie ld e d  an immunogenic p r o te in  

from B a c t . tu la r e n s e .  A com plete stu d y  o f  

th e  a n t ig e n ic  s tr u c tu r e  o f  th e  organism  would  

n e c e s s i t a t e  such a t r i a l .  E x tr a c t io n  w ith  

d ie th y le n e  g l y c o l , a s c a r r ie d  out by Morgan 

(1 9 ) w ith  B. d y se n te r ia e  S h iga , m ight y i e ld  

a p r o te in  which was n o t  denatured  to  the  

p o in t  o f  com plete l o s s  o f  a n t ig e n ic  r e a c t io n .

Immunologic a c t i v i t y  was found in  a phenol 

so lu b le -w a te r  s o lu b le  f r a c t io n ,  Ph-HgOS, and in  

what was d e s ig n a te d  as a phenol so lu b le -w a te r  

s o lu b le  heavy f r a c t io n ,  Ph-HgOSH. Except fo r  

p a r t i c l e  s i z e ,  and a d i f f e r e n t  in t e n s i t y  o f  

im m unologic a c t i v i t y  o f  e a ch , b oth  f r a c t io n s  

were a l ik e .  I t  i s  b e lie v e d  th a t  th e  2 f r a c t io n s  

are i d e n t i c a l ,  th e  o n ly  d i f f e r e n c e  b e in g  one 

o f  s i z e  o f  p a r t i c l e .  I f  t h i s  assum ption  i s  

c o r r e c t  i t  must be assumed th a t  an in term o leo u -  

la r  a t t r a c t io n  e x is t e d  w hich ten d ed  to  a g grega te  

th e  m o lec u le s  in to  p a r t i c l e s  o f  v a ry in g  s i z e ,  

some becom ing la r g e  enough to  be sep arab le  by  

in t e n s iv e  c e n tr i f u g a t io n . T h is  a g g r eg a tio n  to  

a la r g e r  p a r t i c l e  s iz e  would p rob ab ly  low er th e  

number o f  im m u n olog ica lly  a c t iv e  groups which  

\
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would o th erw ise  have been a v a i la b le ,  and would 

undoubtedly d im in ish  g r e a t ly  the su r fa c e  area  

in  r e la t io n  to  mass® Th® o n ly  a v a i la b le  a c t iv e  

p a tch es  would be th o se  turned  to  th e  su r fa c e  o f  

th e  p a r tic le®  I f  th e  above were c o r r e c t  then  

one would expect a low er a n tig e n  ind ex  per u n it  

o f  mass o f  th e  la r g e r  than o f  th e  sm a ller  

p a r tic le®  The a n tig e n  ind ex  in v e s t ig a t io n s  

proved th a t  t h i s  was tr u e .

I t  m ight be p o s tu la te d  th a t  th e  p a r t i c l e s  

vary  in  s iz e  owing to  v a r ia t io n  in  th e  e x te n t  

o f  p o ly m e r isa tio n  o f  th e  carb oh yd rate . One 

m ight a ls o  p o s tu la te  a g lu c o s id ic  l in k a g e  

through an a ld o se  group o f  a t  l e a s t  one o f  th e  

p o s s ib le  d i f f e r e n t  ty p e s  o f  carbohydrate  

m o lecu les  which make up th e  com plex, and th a t  

an a ld o se  group i s  l e f t  f r e e  in  each  p o ly ­

m erized grou p in g . T h is i s  based upon th e  

known f a c t s  th a t  th e  unhydrolyzed com plex i s  

a red u cin g  su b sta n ce , and th a t a f t e r  h y d r o ly s is  

w ith  s tro n g  HC1 and h ea t more red u cin g  su bstance  

i s  r e le a s e d .

The n itr o g e n  p resen t in  th e  complex 

appears to  be c lo s e l y  a s s o c ia te d  w ith  a n t ig e n ic  

a c t i v i t y  s in c e  th e  p r o g r e ss iv e  r e d u c tio n  in  

n itr o g e n  co n ten t observed  a f t e r  s e r i a l  p r e c ip i­

t a t io n  w ith  e th a n o l r e s u lt e d  in  p r o g r e ss iv e  r e -
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d u c tio n  o f  immunologic a c t i v i t y .

A ccurate methods fo r  th e  q u a n t i ta t io n  o f  

sm all d i f f e r e n c e s  betw een v a r io u s  a n t ig e n s  

and betw een d i f f e r e n t  immune se r a  were needed  

inasmuch as no such  methods were a v a i la b le  

p r e v io u s ly *  The a n t ig e n  and an tib o d y  in d ex  

d eterm in a tio n  methods were d e v ise d  as means 

o f  a p p ra is in g  th e  a c t i v i t y  o f  an a n t ig e n ,  

and o f  m easuring th e  antib od y  c o n te n t  o f  an  

immune serum*

The f a i lu r e  to  measure a c c u r a te ly  and 

d ir e c t ly  the volum es o f  s p e c i f i c  p r e c ip i t a t e s  

by means o f  c a p i l la r y  tu b es was a t t r ib u t e d  to  

th e  p h y s ic a l  s t a t e  o f  the p r e c ip i t a t e  formed 

a t d i f f e r e n t  p r o p o r tio n s  o f  a n tig e n  t o  a n tib o d y . 

In th e  zone o f  g r e a t  e x c e s s  o f  e it f t e r  a n t ig e n  

or an tib od y  th e  Hl a t t i c e - l i k e w p a r t i c l e s  o f  

th e  p r e c ip i t a t e  were sm all and f a i r l y  c o n sta n t  

in  s iz e  so th a t  i r r e g u la r i t y  o f  th e  i n t e r s t i t i a l  

sp a ces o f  the packed p r e c ip i t a t e s  d id  n ot con­

tr ib u te  to  in a c c u r a c ie s  in  m easurem ents o f  t h e ir  

volum es. But as th e  p ro p o rtio n  o f  th e  r e a c ta n ts  

approached th e  e q u iv a le n c e  zone th e  l a t t i c e s  

formed in to  ever la r g e r  and more ir r e g u la r ly  

shaped, r i g i d  f l o c c u l e s .  T h is p rev en ted  th e  

form ation  o f r e g u la r  i n t e r s t i c e s  o f  th e  packed
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p r e c ip i t a t e  and i t  i s  b e l ie v e d  th a t  t h i s  

v a r ia b le  volume o f  s p e c i f i c  p r e c ip i t a t e s  

was th e  fe a tu r e  th a t  made th e  method w orth­

l e s s .

The d e term in a tio n  o f  th e  e q u iv a le n c e  

p o in t  by dem on stratin g  th a t  th e r e  e x is t e d  

n e ith e r  an e x c e s s  o f  a n t ig e n  nor o f  a n tib o d y  

appears to  be an a ccu ra te  method fo r  q u a n ti­

t a t in g  e i t h e r  a n t ig e n  or a n tib o d y .

The q u a n t ita t io n  o f  a n tib o d y  was 

accom plish ed  b e s t  by v a r y in g  th e  a n t ig e n  

a g a in s t  a c o n sta n t  amount o f  a n tib o d y . The 

q u a n t ita t io n  o f  a n t ig e n  was a ch iev ed  b e s t  

by v a r y in g  th e  an tib od y  a g a in s t  a c o n sta n t  

amount o f  a n t ig e n .

The one in s ta n c e  in  w hich a sharp end  

p o in t  was n o t o b ta in ed  was p u z z lin g  but i t  

i s  p o s s ib le  to  o f f e r  an e x p la n a t io n  fo r  th e  

phenomenon. R e a c tio n s  betw een  a n tig e n  and 

an tib od y  may be r e v e r s ib le  a t  e q u ilib r iu m .

I t  i s  su g g ested  th a t  th e  r e a c t io n  a t  th e  

e q u iv a le n c e  p o in t  i s

A + 0  AG 

and th a t  here 3 compounds, As G, and AG, 

are p r e s e n t .  I f  th e  d ata  shown in  t a b le s  

XVIII and XIX are examined c l o s e l y ,  i t  w i l l
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be n oted  th a t  in  most d e ter m in a tio n s  th e r e  was 

a s l i g h t  o v er la p p in g  o f  th e  e x c e s s  o f  both  

a n tig e n  and a n tib o d y , so th a t  a p lu s  s ig n  

appears in  b o th  columns s im u lta n e o u s ly  a t  

th e  eq u iv a len ce  p o in t .  In a l l  c a s e s  excep t  

th e  one under d is c u s s io n  t h i s  zone was v ery  

narrow* I t  seems p o s s ib le  th a t  in  th e  a n t ig e n -  

an tib od y  system  in  which th e  Ph-HgOSAS f r a c t io n  

was th e  a n tig e n  th e  product AG- d is s o c ia t e d  in  

th e  r e g io n  o f  g r e a t  an tib ody e x c e s s  and a ls o  

in  th e  r e g io n  o f  g r e a t a n tig e n  e x c e s s .

An a l t e r n a t iv e  e x p la n a tio n  i s  o f fe r e d  by  

th e  assum ption th a t  2 a n tig e n -a n tib o d y  system s  

were in v o lv e d , one w ith  a h ig h  a n tib o d y  index  

and another w ith  a low  an tib od y  in d ex . The 

summation o f  th e  r e s u l t a n t  e f f e c t s  o f  th e s e  Z 
system s cou ld  account fo r  th e  p ic tu r e  i l l u s t r a t e d  

in  ta b le  XXII.

I t  i s  r ec o g n ize d  th a t  t h i s  stu d y  o f  th e  

a n t ig e n ic  s tr u c tu r e  o f  B act. tu la r e n s e  i s  in ­

co m p lete , and th a t  th e  work h e r e in  d e sc r ib ed  i s  

p re lim in a ry  or e x p lo r a to r y  but t h a t  i t  p r o v id e s  

a b a s is  fo r  fu r th e r  work toward a more com plete  

knowledge o f  th e  immunology o f  B a c t. t u la r e n s e .  

A lthough i t  i s  an in tr o d u c to r y  stu d y  o f  the  

a n t ig e n ic  s tr u c tu r e  o f  th e  organism  i t  has  

p rov id ed  i n i t i a l  m ethods and t o o l s  fo r  fu tu re
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Table XXII

System  A System B Sumrnat ion
Mgs.

A n tigen  S/A G/S S/A  S /S  S/A 0/3

0 .0 1 + + +
0 .0 2 — + _ + +
0 .0 3 - + + _ + +
0 .0 4 — + + — + +
0 .0 5 _ + _ + 4*
0 .0 6 — + + + +
0 . 07 * + + _ +
0 .0 8 — + + _ + +
0 .0 9 _ + + _ +
0 .1 0 ' + + _ + +
0 .1 1 — + _ + +
0 .1 2 — + + _ _ + j.
0 .1 3 + + + +
0 .1 4 — + + _ + +
0 .1 5 — + + + +
0 .1 6 + + _ + +
0 .1 7 — + + + +
0 .1 8 — + + + +
0 .1 9 — + + _, + +
0 . 20 — + + _ + +
0 .2 5 + + _ + 4*
0 .3 0 + + + — j .

1
j.

I

0 .3 5 + + _ + mm.

0 .4 0 + _ + _ + mm

0 .4 5 + — + - + -

An i l l u s t r a t i o n  o f  th e  p o s s i b i l i t y  
o f  two a n tig e n -a n tib o d y  system s p resen t  
in  a g iv e n  a n tig e n  and a g iv e n  an tiseru m . 
When System  A and System B are to g e th e r  
th e  r e s u lt a n t  p ic tu r e  would be as i l l u s ­
t r a te d  in  th e  column a t th e  r ig h t .
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work, p o s s ib ly  a ls o  u s e fu l  fo r  s t u d ie s  on o th e r  

a n t ig e n -a n t ib o d y  sy stem s.

SUMMARY

A tech n iq u e  was d e v ise d  fo r  mas® c u l t iv a ­

t i o n  o f  B a c t . tu la r e n se *  Improvements were 

made in  m ethods fo r  p r e p a r a tio n  o f  c e r ta in  

c o n s t i t u e n t s  o f  th e  l iq u id  medium w hich  r e -  

s u ite d  in  in c r e a se d  y i e l d s  o f  B a c t. tu la r e n s e .

Chem ical f r a c t io n s  o f  B a c t. t u la r e n s e .  

b oth  im m u n o log ica lly  a c t iv e  and in e r t ,  were 

o b ta in ed  by 8 m ethods, t r y p t ic  d ig e s t io n  o f  

a ceto n e  e x tr a c te d  organ ism s w ith  subseq uent  

p h y s ic a l  and chem ical m a n ip u la tio n s which  

y ie ld e d  an in e r t  d ia ly z a b le  f r a c t io n  and an  

a c t iv e  a lc o h o l  in s o lu b le  f r a c t io n ;  and th e  

e x tr a c t io n  o f  a ceto n e  t r e a te d  organism s w ith  

p h en ol w ith  subsequent p h y s ic a l  and ch em ica l 

m a n ip u la tio n s which y ie ld e d  an in e r t  p h en o l 

and w ater in s o lu b le  ca rb o h y d ra te , an in e r t  

ph en ol s o lu b le  and w ater in s o lu b le  p r o t e in ,  

an a c t iv e  phenol so lu b le -w a te r  s o lu b le  carbo­

h y d r a te , and an a c t iv e  p h en ol so lu b le -w a te r  

and a lc o h o l  s o lu b le  su b sta n ce  w hich co u ld  n o t

be c l a s s i f i e d .

An in  v i t r o  method was d e v ise d  t o  measure

q u a n t i t a t iv e ly  the a c t i v i t y  o f  a n t ig e n ic  su b -  
#
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sta n ces*  T h is  method can be a p p lie d  to  g iv e  

in d ex  f ig u r e s  fo r  the a c t i v i t y  o f  an unknown 

a n t ig e n  a g a in s t  a g iv e n  an tisaru m 8 or fo r  an 

unknown antiserum  a g a in s t  a stan d ard ! zabl®  

ant igen®

The exp erim en ts w ith  complement f ix a t io n  

were o n ly  in tr o d u cto r y  b u t th e y  in d ic a te  

another p r a c t ic a l  u se  fo r  a n t ig e n ic  f r a c t io n s  

made a v a ila b le  by th e  e x tr a c t io n  methods 

d e sc r ib e d  above®

One i s o la t e d  f r a c t io n  proved to  be a 

more s u ita b le  a n t ig e n  fo r  complement f i x a t io n  

than  any m a te r ia l h e r e to fo r e  a v a ila b le®
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