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SUMMARY

Strong cross—reactions were demonstrated for staphylococcal

enterotoxins B (SEB) and C
1 

(SEC
1
) by antigen—binding capacity and

by competitive binding ability . Both SEB and SEC
1 

combined completely

with the heterologous antibod y although requiring four times as much

antiserum as the homologous enterotoxin and both displaced about one—

third of the other enterotoxin from a heterologous antJgen—antibody

system . It is proposed that one of the three major a n t i g e n ic

d e t e r m i n a n t s  of these entcrotoxins pos sesses a s i g n i f i c a n t  s i m i l a r i t y

but probably not an i d e n t i t y  of s t r u c t u r e .

SEB and SEC
1 

did not combine with antiserum to  enterotoxin A

nor i n h i b i t  the r eac t ion  of ~TA with anti—SEA . SEA had no intrinsic

bind ing capacity for ant.i—SEB or anti—SEC
1 
nor did i t  inh ibit the

binding of either entcrotoxin to i t s  own a n t i b o d y .  A f f i n i t y

chromatograph y wa s em ployed to demonstr .lte t h at  a smal l  a p par e n t

bindi ng of SEA to anti—SEB was due to antibod y to SEA in the anti—

SEB serum and th a t  an a inns I coup] eto d isp 1 ac em ‘ It  I of SEC bi  lId i tig

to a n t i— S E C
1 

was caused by c o n t a m in a t i n g  SEC (abou t  0.01%) i’i

preparations of entcrotoxin A.



J

The enterotoxins produced by ~~~phy1ococcus aureus are

identified on the basis of serological individuality. Of the five

well—defined types A , B, C, D, and E, serological cross—reaction

has been identified only between types A and E (1). The presence of

common or similar antigenic determinants in Cnterotox i iis A , B,

and C has however been suggested by the work of Gruhc’ r and Wrig h t

(2). They reported in 1968 that both SEA
2 

and SEC were hound by

rabbit antibody to enterotoxin B. Johnson Ct al. (3) observed weak

heterologous inhibition by SEA and SEC of tile SEB—a nt i--SEII system

and by SEB and SEC of the SEA—ant i—SEA i n t e r a c t  ion.

We have i nves t iga ted  the  i n t e r a c t i o n  of SEA , SEB and SEC 1 w i t h

antisera to each enterotoxin by measurement of both ant igen—b ind i n g

capac i ty  and the ability to bind competitivel y with homologous

antigen . ~de report here that SEB and SEC1 
hi~ve a st rony, reci procal

reaction with each other ’s antibody. h owever , SEA does not coubin~

wi th either anti—SEB or anti—SEC
1 

or i nh i i b i t  the  b i n d i n g  of a n t i ge n

in the two other homologous systems and neither SEll nor SEC
1 

reacts

with anti—SEA .

MATERIALS AND METHOD S

Preparation and label in~ of euterotoxins. The enterotoxins were

produced and Isolated by published methods (4 ,5) as modifi ed in our

laboratory (6,7). Each product gave a si ngle line In sodium dodecy l

sulfate polyacry lamide gel electrop hioresi s (8) and by all physical

and blologlu .il tests was estima t ed to be more than 99% pure enterotoxin.

The toxins were labeled with l25~ by t h e  gaseous d i f f u s i on  m e t h o d  of

Grube r and Wri ght (2). One milligr am samples were labe l ed with 1

mCi of 
1251 with an efficiency of 10—15% to an extent of about one
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atom of iodine per molecule.

Antisera . New Zealand white rabbits were immunized by intracutaneous

in jec t ion o~ th e  e nt er o t o xi n  w i t h o u t  ad j u v a n t . A regimen based on that

developed by S i l v e rm a n  (9) was employed. Only those sera giving

ident icai ( uchte riony ti t cr o  were  pool  t i ]  . The ant isera used in this

stud y s i  tai ncii t h e  fo l loiiii :~ le vc1~ of ~p ec if ic i rnusino g lobu lin: ant

SEA , 2 . 2  mg/mi ; a l t  i Sl;B , 0.8 /1 :1 ; a l I t  i— -SEE 1, O .~i itg/ml .

A n t  J~~~~~ — h l ~~I f  n~~ c; I p . I c l I v .  1~~s11 tor l : & a ~ : t i r i  binding to ant ibody

were performed by a mod ii IC ‘ ion
4 

of t I ~~~~~~i hod I f  . l i lnsson and K r n t i v a l  I

(10). Th is t e( h l l i i q I J l  Is h.ccd os 1110 1 i i  i ty  of prot e in A— r -olltaining

~ t rniflS ol  ~~~. t ’ i I e i i -~ to i e I ~~~ ~j t c 1 f lc , l h l v  and ~~i 1 I 1  h i ~~1i al~~i nit . \’ w ith

tile } c  p I I  t l o i l  of I f E Cl]). S:n ij l e s  of label d aLt i gr- n (100 ng I l l  ~OO

~ 1) were added to 500 
~i1 of t w I ) t  old s e r i a l  y d i  l i i i  ~d ant i ;crul in

phosphiate—buf ic i sal Inc coii lain in 0. 5% toy Inc ~ r urn a] btiini n ~I id

I nc uh at ed at 4°C f o r  18 hr . To stip .i I t  bound  I ron u nbound ant .  I g - ~t

100 ~il of a 10% suspension of t h e  Cow;at I s tra in of S. aureus wa~

added , and t h e  I nis a we i i  x t J  on a v o r t  ~~ ;-~ sh;ik i i , a l l  owed to  st and

f o r  l U — 2 ( )  m m  at I I o::~ t e m p e r a t u r e , and ue~~ t rifuged at  1 700 x C f o r

10 Tn i l l .  ‘h tie supe m a  I an t  I hi Id WOS (1 CI al t ed and t i l e  1 uhe~; drained

Thc t t i b (  S were c ( e e f  d in j y l r . n c l  c o u n t e r  (Sea r le )  f o r  1 m m .  T1IP

amount  of ant i gI ll b i f l Ind  o an t  ibod y was c a i c u l  ated by the fol lowing

f o r m t i l

7. Ant  I ge’n combined 
~~

—-- 
~ x 100

where A Is the  rad i n a c t i v i t y  In  t h e  I i t  ~~~~ Ic , B is  t hm ~ t o t a l  added

r a d i o a c t i v i t y ,  and C is the  I ) O T 1 ’ ] f l C I f i r  rad loa d  i v i t  y occ luded  by t h e

microorganism In the  absence of ant tbod y .  F i f t y  per cent  end p o i n t s  were



best determined by log antibody — log % anti gen—combined plots

which were l inear in the 20— 80% b i n d i n g  range .

Competit ive bind ing assay. The volume of a n t i s e r u m  s u f f i c i e n t

to bind 50% of the  labeled an t i gen (100 ng )  was added to v a r y i n g

amounts  of unlabeled i n hib i t o r  and t i le  s o l u t i o n  was i n c u b a t e d  a t

room tempera tu re  for  20 m m .  Labeled homo logous an t i g e n  was added

and the  m i x t u r e s  were incubated o v e r n ig h t  a t  4 ° C. The tubes  w er e

then processed as in ti le a n t i g e n — b i n d i n g  c a p a c i t y  t e c h n i q ue .  Tile

delayed a d d i t i o n  of labeled a n t i gen increased ti l e s en s i t i v i t y  of

the assay about  f o u r f o l d . Beyond 30 in no in cr c ;I s e  in sensitivity

was observed .

The per cent i n h i b i t i o n  was cal cu la ted as f o l l ow s :

% In h i b i t i o n  = 
~~

—-—-
~~ x 100

where D is  the r a d i o a c t i v i t y  in the absence of in h ib itor , E is

the radioactivity in the presence of i nh i i b i t i o r , and C is the

r a d i o a c t i v i t y  of t h e  l abe led  ant igen occluded by t h~ precip itating

microorganism in the absence of antibod y.

Preparat  h o n  of a f f i n i t y  c o l u m ns .  Prote ins were  coupled to

Sephiarose 45 (Phar rua c i a )  b y t i le  method  of Ct i a t r ec a s ns  et al .  (12)

except  t h a t  the ~yanogei~ broi~ i de  was added in a solution of d inh t h l y l

f o r ma m id e .  A n t i b o d y was p rec i p i t a t e d  t h I r t e t lilies by 1/ 3  s a t u r a t  ion

wi ti~ (Ni]
4 
)2
50
4 

. About . 50 mg were coup led and t h u  f i n a l  vo lum e of

set tied adsorbent was made Lu 10 ml wit hi u n t r e a t e d  Sep h i a r o se

RES11h~TS

An~jj~en—b Indiii ~ c;~j~1icity of h i e t e m o l i i o i i s  e n t e r o t o x i u s .  ‘l ’il e
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results of antigen—binding capacity determinations are shown In Fig.

1—3 for antisera to SEA , SEll, and SEC1, respectivel y. All of the

labeled enterotoxins are completely preci p itahi e in a homologous

system confirming that minimal alteration in t u e  enterotoxln structure

was brought  about by t h is level of iodin ati on . No b i n d i n g  of e i t h e r

SEB or SEC
1 to a n t i — S E A  was d e t e c t a b l e .  S i g n i f i c a n t b i n c h i n g  capacity

of SEC1 for  a n t i — S E l l  (Fi g. 2)  and of SEB f o r  a n t i — S E C 1 
( F i g.  3) was

apparen t w i t h  essen t ial l y all  of the l a b e l e d  c u t e r  i t o x i n s  be ing  removed

f rom solution as immune. complexes by the p r i c  i~ i t  ; r t i n g  a ge n t  f o r  the

IgC . About  four  t imes more a n t i s e r u m  was r c qu i  red fo r  cacti heterologous

an t igen  over t ha t  r e q u i r e d  for  t h e  h o m o l o g o u s  interaction. The r a t i o s

of 50% e n d p o i n t s  were 4 . 2  fo r  SEC
1/ SLB w i t i i  a n t i — S E N  and 4 .1  fo r  SEN / SE C

1

w i t h  an t i— SE C 1. These da ta  i nd i ca t e  q u i t e  c l ear l y t h a t  t h e re is at

least  one a n t i gen i c  reg i o n  on SEll and SEC
1 

w i t h  a s i g n i f i can t  degree  of

s i m i l a r i t y  of s t r u c t u r e .

E n t e r o t o xin  A d i d  not  m n i n d  to a n t  i—SEC 1 hu t  an a p p a r e n t  I n t e l  ac-t ior~

w i t h  a n t i — S E E . t c l t i le ex t e n t  of 17% was observed . This b i n d i n g ,  if

s p e c i f i c , is onl y 1/ 1000th  t h a t  of the homologou s t o x i n . A n o t h e r

p o s s i b i l i t y ,  however , was tha t  the rabbit anti se rum to SEN co i l t ; i  ins

low levels  of a n t i — S E A . It  is known that the o rg ~ n is in  used for t h e

p r o d u c t i o n  of SEB also e l a b o r a t e s  smal l  a m o u n t s  of SEA (13) and t i l e

protocol  emp loyed fo r  the p r o d u c t  ion  of an t  i s er r ~rn I nvolvis ; m u l L  ip le

inject ions over a long p~~r i oIl of t i me . To di  st inpll Ish i between tlit au’

a l t e r n a t i v e s  a f f i n i t y  co lumns  were usu d . When a l i t  1— S E B  was  i un

t h roug h a column of SEA boun d t o Scph a rose 4 B , t h e  c f f 1  it e m it  110

longer combined wI Lb labeled SEA . Al t b ough wi L I I  In the i i  m i t  s of

assay the  a n t i b o d y  t i t e r  to SEN was unchanged , Lb I s  experime nt Is

subject to the criticism that a s m al l  f r a c t i o n  of ,intl—SEB mol u ’culcs
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could have been removed by the SEA—Sep harose without a detectable

change In titer. Therefore , antis erum to SEN was passed over an

a f f i n i ty column of SEll bound to Sepharose . A column of u n t r e a t e d

Sepharose was run In parallel to obviate dilution and nonspecific

adsorption effects. As a n t i c i p a ted , ant i h ~od y IC) SEll was quan t i  tat ively

removed hu t  80% of t he  c a p a c i t y  to bind to SEA r e m a i n e d  i n  the c o l w n

e f f l u e n t .  Since the  adso rben t  had the capac i I v fur a~ ( a s  1 100

t imes as mu cl i  a n t i —  SEE as was added , I I era ;  q u i t e  r 1 o s  t h a t  w h at

passed t h r o u g h t h e  column was a n t  i—SEA 011(1 t i l e r c i o r i  t h e re  is no

i n t r i n s i c  b i n d i n g  of SEA to a n t i b o d y f o r  SEE .

C o m p e t i t i v e  i n h i b i t i o n .  Tire compe L I t  I V O  b i n d  i n ~ or m b  l b  i t i on

e x p e r i m e n t s  a r e  p resen ted  in Fi g. 4—6 f o r  t ir e  I ah i e l ed  c ’nt e ro t  ox i n —

a n t i — e n t c r o t o x i n  systems A , B, and C
1 z-er ~~e -  t i rely. I t  i s  a p p a r en t

t h a t  in cacti  case t i r e  un labe led  homologous  c i i t ro t o x i n  was c apab l e

of 100% m ii i  b i t i o n~ t h a t  i s , of co:I j 1 d e l  y d I si l a c i n g  1 abc led en ~ero ox i i l  —

f r l n s p e c i f i c-  a n t  i bod y.  SEC 1 
(11( 1 n O t  compct  w i t h  the  51 .\ s y st e m  a t  all

and a v e r y  m i r r o r  d i op ] a c c m c n t  b y SEN is of q u e s t  L000b l e  si gil i f i c an c c ’

( v i d e  s up r a )  (Fi g. 4). Ent e r o t  ox in B c o m p e t e d  successful I y w i t h  ~~ i—SEC 1

for an t i — S I C
1 and the converse was also t r u e .  A disp l a i l n e n t  of 24% was

observed b y SEll (Fi g. 6) and of 42% by SEC
1 

( F i g .  5 ) .  Thiese e f f e c t s

were ach l e v I - I l  , however , at  eis r i f l o l l S  niol a m  r a t i o s  of tin. o r t h c r  of 10~ : 1.

Onl y m a r g inal  i n h i b i t  ion was  f o u n d  fo r  SEA a g a i nst  the SEN s y s te m

(( ‘i g . 5) . However , tin. re was an ; l h i p a r e l l  1 , ml most quman I j i l t  ly e  d i s p  1 a cement

by SEA of l abe led  SEC
1 

(Fig. 6) . Thu s su rpri sing lrl r ;k rvat ion was a lso

foun d  w i t h  another p r e p I r I t  ion  i i i  SEA 011(1 a l l Ot  h e r batch I f  r alili i t

an t i — SE C 1. The sh ape of I lie c u r v e  $ however , O I l  1 1 0 5  t (‘d an Impu rity

of SEC In t i l e  en to r ot ( I )  i i i  A h ) 1t ’ p ar a  ( lo l l . A c c o r d i n g ] y , a L I )  h u t  Ion of



SEA was passed th rough  an a f f i n i t y  column of an t ibod y to SEC
1 coupled

t o  Sep hiarose  4B. The i nh i b i t o r y  ac t i v i t y  of the SEA was comp l e t e l y

e l i min a t e d .  This r e su l t  is also presented in F ig .  6 . To our knowled ge

th i s  Is the first report that the organi  on prod lic Ing SEA al so syn t lies izes

SEC . The level of c o n t a m i n a t i o n  in  the SEA I r epar a  t t o l l  l i  less  t h a n

0 .017.

DISC U S SI ON

‘fhic lack of s er o l o g ic a l  c r o s s — r d  act i on  :ln . i lg ti n. st i
~ 
S;loI Io c; I

e n t e r o t o : ; i n ;  does no t , (~f c o u i r s o , p r e c l u d e  t b  r I - l i  of  cernn nr alit igenic

d e t e r m i n a n t s . Tire p r e cu t  da t a  1 5 1 1 r : t c  m iivi c ir ~ ’l y that this

s i tu a t  ion di es e x i s t  f or  SEN and SEC
1
. Tin. t h e o r y  (II : 1 1  i x  f o  i r : i t  i e i

and the u ’ ; : i r i : ’ i i t a l  o b se r v a ti o n  t 11:11  SEE a ;i l 51H (10 l o t  f o r m  a

p r c l p i t a t t  ~: i t i r  arch o t h e r ’ s a n t i s e r u m  ] j o l t  t i  po~ s1ble wi rie r of

C ot iF 11 , ~ i ti~u I t  , L f l 4 u t I S l  
~ r~ a c t i n g  cle t  ( rI ; i i i  ~~ I ; to t W I . A 5 

~ 
Ii 1) 0  t

obv i l l  I v  o~~ fli (jIn. i 1 d e l  which appears to f i t  the i t i t  a l f l V o l v e O  b u t

a si m g I  ce ; . 1 1  ( I t  ( rHo n a n t  . It is p r o p (I o -J LII I t  t h i i  I I  i t  o~)e is ((l i d

of three I i )  or IiIt I 51 II J C 1 (5 ionS and g i \ ‘(~~~; r i  Se t o  abou t  on — t  l i i  rd of

the ant  ihod y h i l l a t i o u s  iii ant Jis ra to SEN and SEC
1
. 1! the Fie t ( ‘ r O ] o g l u ;

det e F ir I m a n t  t lien pool e ~ ; ; u d an equ i Va I ent aft in it v constant a 1_ h i  rt ’e f o l d

c’xc ess of t i l l ’  (m o u n t  of ant i l)od y ( l r I d  rved f o r  t h e  Ii m d  iig o f  t he  i l O l ; ; ) l O g O u S

en t  o r ot  ox I I I  WOil 1 ci hi ’ r&’q~m i red . Tile f o u r  f o l d  I a t  Jo 1)1,1 a m e d  is very  c i  0S~

to ti~ is , b u t  I t  pci i l a i r l ;  o u l g g e s t t ;  o h  t i i e r  a lower c o n c e m i t i  a t  ion of t he

p a r t i c u l a r  a nt  Ibod y 1(101 eruil e or a reduced o f f  i i i  i ty  . Tile apparent

lev e lling off of t in.’ conrpet it I ye bi nding cmii’ vc ’s at 30—4 02’ Inh Ibit 11 )11 iS

con sJ stent w i t  Ii L i i  i s  p i c E  n r c .  An i n i m i b i  t ion of ( 10—70% wou ld  be antic i p a t ed

with two de te rminan t  s of equal i inn iu no ge n lc i t  y .  The si i ; i i ’o ’  ol these curves
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would seem to indicate a reduced a f f i n i t y  and t h er e f o r e  tha t  some

diff erenc e In s t r u c t u re  exis ts  between t i m e  f u n c t  i o m i a l l y s i m i l a r

d e t er m in an t  in en t e r o t o x in t ;  B and C
1

.

We have found  no evidence of i n t e ra c t  ion  of SEN or SEC
1 

with anti—SEA

or of SEA wi Lb e i timer anti—SEN ol’ mi n t  i — S E C
1 

. The sm;r 11 a p p a r e n t  b i n d i n g

capa c i t y ( I f  SEA f i r  a n t  i — S E l l  I i i  0 ( 1 ob so r v I d b y C r I l b o r  and Wri ght (2) ] is

d em o n st r ab l y duo t o  t i m e  p r c s t ’n co -  of ant jU dy to SEA in  L i r e  a n t  [se rum

to  SLIt . Our fa  I I ur~ to  f mdl III I m e l  )
~~ 55  iii lri I ’  1 1  1( 111 (11 t h o  en t e r o t  (IX i f l

B — a n t i  — 5 1 11 ; ; V ; t e ~ ; by SEA and ~~ 
( l i e  ( I I I  I i  Lox u A — a i r L i — ~~F,\ sy st e m  by

SEB or SEC
1 

is  in  d i ;  g r e & : ( I  ~ i I w i t  h i t hO I i :  a I V I  t i i;; ; o f  , J o i l n S d l l l  et a I .

(3). Whil e t h e i r  a s sa ’~ sy o t  ~~5 I S  ( oi l :  i b r I l ’ l y  m o l l  ~ f l r i t  i V d  t h a n  ours ,

we wi re able t O )  d i l i s rIl no e f f I s  I st ti I L F  r a t  i s  of i n h i b i t o r  t o

ho m ol o ä~ous m i n t  15( 11 t h l ; l t  were  e q t i i v m t l  F ’flt or  ,~ ! mi l I I  t h an  t h e  i r  r r t  dl f o r

332. inhib it ion. h )Iip h j I lt 1115 t b  iflCUi (It ion cond i t I s O  J o t s ;  on et  ml.

em p l o y e d  d i d  not  m i N i - our  i u : s i l t s . I t  it ; of g r t t  t i gn i f i r m l l m e , \-J e

f e el  , t h a t  no ’ bind i i , w i  a ohs V o l  f or  I lI ~~~~) h ; e t c ’r e l  O~~euI S r e a l  I I (IllS

in ti n’ asl ;:(y I ;  l i l t  ] o I l — I l 1 i ; l ~‘~i ; (;jeic i t y .  Conrhinat I l l  i n  t he  a bsen c e

of ii 11 1 .1 I~~~~~fl ant 1 51 11 It soil 1 a a nor (- 5( 1, ; i t  ly e  hid i cat or t h a n  i n

its P ’ 5 ” ’ 1

We mm; t ud y I IIg I ill’ ( I l i t  t I Oil  ( I I  t 114’ J5 ) 1 V I I  I I  I ( 14’s of SEE and

SEC 1 
f l  by l i m i t  d d U l l h i i  w i t  ii t ~~ V j f 1 m m  (t ~, 7)  . This should perm it

lie t t • I j u t ;  I and 7 ) 5  t i .  I s  ~ t I I I  ( I j  t he Coiiinron ai r  t [genie  dot  er ir ’ I na i l t

r 1 1 ) 1 (1 I
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FOOTNOTES

1The views of the au thor  do not purpor t: to r e f l e c t  the posit ions of

the Department of the Army or the Depa rtmen t  of Defense .

2
Abbrev ia tions um sed : SEA , st ap h y lococc .-rl enterot oxi n A ; SEB , st ap hy lococcal

entero toxin B ; SEC , staphy l od’occal en tero toxin C , (SEC
1 15 the  v a r i a n t

with t h e  more alkaline isoelectrlm point).

31n conduc t  lug t h e  r esearch  deoc r i l) cd in t h i s  r e p o r t  , tile investigators

adhered  to  tile “Cu i ol e fo r  t u e  Care  and Use of L a b o r a t o r y  A n i m a l s , ” as

promulga ted  by the  Commi t t ee  on the Rev i si on  of t h e  E~;f d c  f o r  I~;m bo r  t o r y

Animal  Fad ] it i c s  and Care of the  i n s t i ta i t o  of L a b o u a t  c r y  A n i m a l

Resources , Nat  ional Research Counci l .  The f ac i l i  t ies  are  f u l l y

acc redi ted by the  Am e r i c a n  Associa t ion  fo r  Accr edit ;It ion of l a b o r a t o r y

Anima l C: m e .

4 J~ F. Ne tzger  and A.  D.  Johnson , m a n u s c r i pt  in pr o p a r a t  ion .

5The e f f o - o -  L i v e  a n t i  ~~r u i c  va lence  of SEE as d e t e r m i n ed  by quantitative

preci p i t in  ana l y s i s  is th ree  ( 1 4 ) .  For SEA mild SEC
1 

v a l u e s  of 3—4

were ob ta incoi  (L .  Spero , u n p u b l  lobed o b s e r v a t i o n s )  and fo r  t he  pu rposes

of t h i s  d i s c u s s i o n  a va lue  of t h r e e  is assi im o ’d fo r  a l l  of tire e n t e r o t o x i n s .
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LEGEND FOR FIGURES

125
Figure 1. Bind ing of I—label ed en tero tox in s to rabbit antiserum

to enterotox in A. SEA (~~ ) ;  SF8 ( 0 ) ;  SEC 1 ( 0 ) .

Figure 2. Binding of 
125

1—labeled en terotoxins to rairhit antiserum

to en terotoxin B. SEA (s ) ;  SEN ( 0 ) ;  SEC 1 ( 0 ) .

~~~~~~~~~~~ 3. Binding of 
125

1—labcled enterotox ins to  r a b b i t  a n t i s e r u m

to en tero toxi n C1. SEA (
~~ ) ;  SEN ( 0 ); ST~~~ (0  ) .

125 ,Figure 4. Inh ib i t i on  of b ind ing  of 1— SLA to  r ab b i t  an t i s e r u m

to SEA . I n h i b i t o r s  usc’d were : SEA (~~ ) ;  SEE ( 0 ) ;  SEC
1 

( 0 ) .

Figure 5. Inh ibition of binding of 
25 1_ sj ~~ to rabbit ant iserum to SEE.

Inhib itors used were: SEA ( h ) ;  si :n ( 0 ) ;  SEC 1 ( 0 ) .

~!gure 6. I n h i b i t i o n  of bindin g of 125 1—SEC
1 

to rabbit ant i cr um s to  SEC
1.

I n h i b i t o r s  used were :  SEA (A  ) ;  SEA ( 
~~ ), after passage thr rou g h an

aff inity column of anti—SEC
1 

bound to Sep irarose 411; SEN (0  ) ;  SEC
1 ( 0  .
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