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ABSTRACT

Exfolia tive toxin was isolated from strain DI of Staphylococc us

aurcus using Ct’l—cellulose and hydroxylapa tite chroma tograp hy. This

purified toxin was compared with that produced by strain TA. The

specific biologic activity of the two toxins was the same, bu t they

were serolog ically distinct. In addition , differences were seen in

mol ecular weight and amino acid composition .
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Stap hy lococcal exfolia t ive tox in ’
has been implica ted in cl inical

cases of scalded—skin syndrome (3, 4, 6, 11, 17). Symptoms of disease

may incl ude ery thema , itching and localized bullae or may be

characterized by widespread exfolia tion covering a large por tion of

the body. Ritter von Rittershain (19) in 1878 first described the

syndro me in children , and later Lyell (16) repor ted similar findings

in adults. Other workerE have described the same findings , and many

have isola ted Staphylococcus aureus from these patients. Generally

these organisms belong to phage group II, although there are some toxin

prod ucers in other phage groups (14).

Melish first reported an experimental model for studying the

biological action of exfoliatin (17). Injection of culture

supernatants from toxin—producing staphylococci in newborn mice causes

for ma tion of a charac teristic N ikolsky sign . Several groups have

reported methods for purify ing the product responsible for this syndrome

(2 , 4, 10 , 13, 17 , 25). Various strains have been employed for toxin

production and the resulting purified prepara t ions have been somewha t

different. Distinct types of exfoliatin have been reported by

Kondo et al. (13). Arhuthnott et al. (3) and Wiley and Rogelsky (25).

When we initiall y purified exfoliatiu from strain TA , its relationship

to other types of exfoliatin was uncertain. ~!e have now purified

toxin front an ot h e r  str,~in (DI), and report here on some similarities

as welt .is differences between t i le two toxins produced .

_____ - - - ~~~~~~~~
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MATERIALS AND METHOD S

Bac te r i a l  s t ra ins .  S. aureus strains TA and DI were obtained

f rom the labora tory  of Dr.  Rogoisk y ,  Kansas C i ty ,  Mo. ( 20 ) .  Both

s t ra ins  produce aipha—hemolysin , are coagulase positive , and belong to

phage group I I .

Medium.  Cu l tu res  were propagated from lyophilized ampoules in

liquid medium as previously described (10). Solid medium emp loyed in

these studies was trypticase soy agar (Baltimore Biological Laboratory,

Cockeysville , lid.).

rermentation. Large scale production of toxin was achieved by

growing the bacteria in 50 liters of trypticase—yeast liquid mediI~-1 in

a 70—liter fermentor (Fermentation Design , New Brunswick, N.J.).

Optimal cond itions used were 400 rpm and a constant sparge of 10 liters !

mm with 90% air and 10% CO2 . Cul tures were grown for 18 to 20

hr at 37°C, then centrifuged to remove bacteria . Culture supernatants

were concentrated at 4°C with an Axnicon TC 3E system , using UN 10

membran es, then dial yzed against several changes of distilled water

and lyoph il i zed .

As~;a ’, for  ex f o l i : t ti n .  C u l t u r e  s u pern a t ant s  or p u r i f i e d  toxin

preparations were assayed in newborn mice as p rev ious ly  described (10).

D i l u t i o n s  of samp les were made in 10 mM phosphate buffered saline (O.S5~ )

at pH 7 . 1.

As’sav f r 1 ; ~o l v s i n . Samp l i ’s of c rude  c u l t u r e  su p er n a t an t  or

p a r t i a l L y p u r i f i e d  toxin  were tes ted f u r  hemolyt i c  a c t iv i t y  by d i l u t i n g

in 0 .13 :t :;dcl In a t n i cr o t i t cr  p lat o , then  n i~~in.~ ~ Lt1i a 2~ suspens ton of

washed r ab b i t  e ry t h r ~~:vte s .  The h e n o ly t i c  titer was expressed as the

rec h r .~~ j [  
~: the  ~~~~~~ d iLut i.n cau~;in .  c o m pl et e  ly s i s  of ery ~~~roc y~ os
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af ter 30 mm at 37° C.

Chromatograph y. Carboxymethyl cellulose (Whatman CM 52) was

equi l ib ra ted  prior  to use in 10 mM phosphate buffer , p11 6.0.

Hvdroxyl a~ atite (Bio—Rad) was equilibrated in 30 mM phosphate buffer ,

pH 5 . 7 .

Gel elec trophoresis. Seven and one—half percent polyacrylamide

gels in 0.1% sodium dodecyl sulfate (SDS) were prepared by the me thod

of Weber and Osborn (23). Slab gels were prepared by the method of

Laemmli (15). Protein samples were denatured by heat ing to 100 °C for

10 mm in a solution of 1% sodium dodecy l sulfate and 0.1%

~—mercaptoethanol. Gels were stained with Coomassie brilliant blue , and

destained by diffusion .

Antisera. Antisera were produced in rabbits by repeated injections

of purif ied exfoliatin . The first injection was mixed with Freund ’s — - .

complete adjuvant and given intramuscularly. Subsequent injections

were given with toxin alone . A total of 6 mg toxin , g iven over 2

months , was used to obtain antiserum for use in Ouchterlony dif f usion

tests.

A m i n o  ac id  anal.vses. Samples of p u r i f i e d  toxin in 6 N MCi were

hydr olyzed in sealed tubes in vacuo at 110°C for 24 h. Analyses were

carr ied out on a Beckman 121—MB amino acid analyzer interfaced with

Beckman :;y t~~ ~\.\ computing intc~ r~ tor . Thr eoni t ic  and serinc were

corrc::od for destruction d u r i n g  h ydro l y s is  us ing  the  f a c t or s  determined

by Ree~ (18). Tryp tophan was de termined spec trophotometrically by the

met ~i , ~ of [J.~Ih o c h  ( 5 ) .

c-~~~~ T’~ J1~~J ~~~~~ . i c i~~ d e t e r m i n a t i o n .  Ca rboxypep t id ase s  A and B

t v ~ ~~— t c r —  Lt -~.-t I am inc ac ids , (ci  Lowing ~he pr o~. edure  of

__ ___________ - - -  
.—--~~

-
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G u i d o t t i  ( 7 ) .  Incubat ions were done a t  37 °C using a s u b s t r a t e — e n z y m e

ratio of 20:1. 
-

N— terminal amino acid determina t ion. Amino—terminal amino acids

were determined on a Beckman 890 C sequencer using the standard Beckman

fast Quadrol program. Detection of the residues was carried out by

gas chromatography (8) ,  thin layer chromatograph y (22)  and by am ino

acid anal ysis of the hydrol yzed pheny lthioh ydanto ins  (9) on a Beckman

amino acid analyzer .

His tolog ic examinat ion.  Sections of epidermis , ~~&‘~e11 as other

organs , from control and toxin—injected mice were examined by light

microscopy. Tissues were embedded in paraffin , sectioned (b ~im thick)

and stained with hematoxylin and eosin.

_ 
_ _ _

I. —~~~ .- ---- .— — - — — - -  —.-- — 
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RESULTS ~

- 
-

P u r i f i c a t i o n  of toxin. Aliquo ts of lyophilized, dialyzed culture

supernatant from strain Dl were purified by column chromatography.

.Carboxymethyl cellulose was equi l ibra ted  at pH 6.0 in 10 mr-I sodium

phosphate. A column 2.5 x 40 cm was filled with resin and washed with

the equ i l ib ra t ion  b u f f e r ; the  samp le was then run onto the column a t  a

rate not exceed ing 1 mi/mm . After the ent i re  toxin sample had been

app l i e d , the column was washed wi th  several column volumes of b u f f e r ,

until the absorbance of the eluate had returned to baseline. No toxic

a c t i v i t y  could be detected in the unadsorbed mater ia l .  The toxin was

eluted from the column by increasing the mo1a~ ity of the buffer to 50

mM at p11 6.8. A single peak was ob ta ined , but all frac tions in the

peak were positive for hemolytic activity, in addition to their

exfoliative activity.

In order to separate the e x f o l i a t i n  from the ai pha—hemol ysin , this

partially pur if ied ma terial was dialyzed aga inst 30 mM phosp hate buffer

at p11 5.7. This sample was then app lied to a column of hydroxy lapatite

p r e v i o us l y  e q u i L i b r a te d  w i t h  the same b u f f e r .  Both e x f ol i a t i n  and

h e m o ly s i n  bound to the  column and were eluted separately with a linear

g r a d ien t  of sod ium ph o s p h a t e  b u f f e r , increas ing  in m ol a r i t y  f rom 30 to

400 mM . The e x f o l i a t i n  elu ted  f i r s t  (at  about  250 mM ) and the al p h a—

he~~~1y- i in f o l l o w e d .

Us ir i ~ th e  c o n d i t i o n s  d e s c r ib e d  above , c u l t u r e  s u p e r n a tant s  f rom

s t r a in  Dl usual l y contained 10— 15 ~g tox in /mi  of c u l t u r e  supe rnatan t .

Ap t ~r~ : : i m : i t t ’Iy  10—12 ~; 
of ly op h i i  ized c rude  su p e rn a t d n t  were ob ta ined

f r o m  each 5 0 — l i t e r  f e r m en t a t i o n .  Recovery  was about 70% f rom the

earb.:: r.c t.~ ? i  cc l  tu1~~se c o l um n  e l u t  ion. The h v d r o xy l a p a t i t~

- p -——- —--———~~~~~ -~~~— —~~~~~“~~~-~ ‘--~ - 
- - . _ _  t -:’s p- ~~~~ar r -~ ? nztr -rr . - - -



_ _- - - - - -
~~~~~~~~~

- - - — - -~~~~~~~~~~~~~~~ ----— - -~~~~--~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~~~~ - - -- -~~~~~~~ ----- - - -~~~~~~~~~~~ -~~~~~—- ---- --

8

column yields were somewhat less , usually averag ing 40—50% recovery.

S t a r t i n g  w i t h  2 g of lyopitil ized crude supernatant material , the

average y ield of purified toxin ranged from 20—35 mg.

Analys is of the peak frac tions from the hydroxy lapat ite column

indicated no contaminating hemolytic activity in the exfoiiatin

preparation. Analysis of purity by SDS gels indicated that the toxin

prepara tion was more than 95’~ pure . Trace amounts of lower molecular

weight components were observed in some preparations. These

contaminants could be removed by rechromatography of the toxin on

CM—cellulose; a linear gradient (10 to 50 mM phosphate) was utilized

to elute the toxin .

These purification steps were essentially the same for both types

of exfoliatin . However , minor differences in binding efficiency were

demonstrated when a mixture of both types of exfoliatin was app lied to a

column of hydroxylapatite which had been equilibrated as described above.

Using a linear gradient of phosphate buffer , the TA type exfoliatin

eluted slightly ahead of the Dl type toxin (Fig. 1). The presence of

one or both types  of toxin was conf i rmed serolog ical l y b y tes t ing each

f r a c t i o n  w i t h  sp e c i f i c  an t  isL?rum in Ouch ter lony  d i f f u s i o n  t t s .

~j~~c i f i c _ a c t i v i ty .  Us ing  ti le newborn mouse model (17),  we found

the m e d i a n  e f f e c ti ve  dose (ED
50

) of the  DI tox in  to be 0 .5 us’ . Thus ,

be UI f o r m . ;  of  ex f ( )  I La t in have the sante at’ t iv i t 2 ;  (10)

~To i e e u l . t r  v e i ;~h t  d e t e r m i n a t i o n .  In SD S — c on t a in i n g  po l .yacry la mi d e

gels , we estimated tha t  the  Dl type ex f ol i at i n  had a molecu la r

we i~~;t of a o t ) u t  26 , 000 , b y oomp~Ir i.~oIl w i t h  known s tandards .  This  is

ver  lo to th e  r c v i o t i s lv  r epor t ed  da ta  for  TA—type  toxin  (10) which

I l l S  mc ~~~ - l  ~~c i4hr of .6 , 50() da It on s .  In ag r e e m e n t  w i th  ~‘i icy and

- _ _  

_ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Rogolsky (25) we were unable to separate the two types in conventional

cylindrical gels. However, wh en mixed samp les were run in 9% SDS—

slab gels , we obtained resolution of the two types. When compared with

the ind iv idua l ly  run cy l indr ical  gels , data conf i rmed our obrervat ion

tha t  1) 1—type toxin mi grated sligh t l y ahead of the TA—type , and is thus

presumably  somewha t smaller in molecular weig h t .

Amino acid composition. The calculated amino acid composition of

both types of exfoliatin is presented in Table 1. The error minimization

method of Katz (12) gave a single minimum with the TA toxin and was used

to obtain the listed values. There are 237 amino acid residues in the

molecule correspond ing to a mo’ ~cular weight of 26 ,600. This analys is

is very close to the one we reported previously (10). Usable error

plots versus molecular weight were however not obtained with DI toxin .

Based on the assump tion that DI toxin is smaller than the TA toxin and

that a molecular weight difference of 10% would have permitted resolution

of the two forms of exfoliatin in cylindrical pol yacrylamide gels , the

composition of DI toxin was calculated by an iterative process. The

molecule has 228 residues and a molecular weight of 25,350 daltons. As

migil t be p r e d i c t e d  the amino acid compos i t ion  of bo th  toxins  is s i mi l a r .

N e i t h e r  c o n t a i n s  cys t eine ; both  have one res idue  of m e t h i o n i ne .

S i g n i f i c a n t  d i f f e r e n c e s  were seen in some of the  amino ac ids , no t ab l y

a r ;  In m e , a la n i n c , and Va l i n e .

Incub :it  ion of bo th  typ es  of c x f o  1 ia t  in in the presenc e o f

carbo xy pe pt id as&�—B revealed that the C—terminal  amino acid for  both

tvr . ’s o f  tomin ~~ j 5  ~~~ inc .  ~Jc found t h at  the N — t e r m i n a l  amino acid fo r

the T A — t y p e  exfo l iatin was g l ut a m i c  ac id , and for  the  Dl type was lysine .

Anc .~ru ” r e i o t i .on- ~ . P u r i f i e d  ~c :-:in pr e~’ar a t ion s  were used to



-~~-- -~~~~~ ----~~~~~~- -------- -.~~~~~~~~ - -~~ - - - - - - - -  ~~~~ .-- .-

10

prepare s L c i f i c  a n t ise r u m  in r a b b i t s  to each type of e x fol iat i n .  When

reacted in O u c h ter l o n y  double diff usion , each antiserum formed a single

line of precipitate with 1 ug homologous antigen , indicating hi gh

specificity. However , when suf f iciently high concentrations (20 ug) of

he tero logous  t ox in  were reacted , each ant i—serum also formed a sing le

line of precipitate ~-:i t h  the antigens. When reacted s imul taneous ly ,

the lines of prec ipitate crossed , showing complete nonidentity (Fig. 2).

Complementary observations to those shown in the figure for anti—TA toxin

were ob tained with antisera to DI toxin. These reactions could be

comple tely elim ina ted by absorbing the serum with the appropriate

heterologous toxin. ‘b.e presence of two distinct antibody populations

in each serum seemed to indicate that the antigens used for immunization

were not as highly purified as desired . The trace amounts of secondary

antigens were appare ntly present in sufficient quantity to give rise

to preci pitating antibodies.

Patholog ic findin s. Control mice , injected with normal saline

showed no pathologic lesions. Animals injected with either the TA or

Dl exfoLiatin were typ ified by multi p le areas of separation within thL

s t r a t u m  granul )sum accompanied by subsequent  e leva t ion  of the s u pe r f i c i a l

layer s  of ep i d e r m i s .  These f i n d i n g s  were f i r s t  ev ident  a t  2 hr a f t e r

i n j e c t i o n  of 1 ~ig of either form of toxin. No other lesions were

ob~ crved in other organs that were examined .

D I S C U S :~t ) N

Our ea rlier work described purif icat ion of one serol ogic form of

exfo l  i . i t~~:e :oxir i  f r o m  4 t r a i r L  TA of - . acr e ’ ; ;  ( 1 0 ) .  We a t t m:~ted to
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e l i m in at e  toxin production in this strain by spec i f i c  t r e a t m e n t s  to

cure  plasmids ( e . g . ,  growth at elevated t empera tu re ) .  Since we were

unsuccessful in the experiments , we can presume chrom osomal  s i tes

for synthesis of this form of toxin , agreeing with Rogolsky et al. (21).

We have now used strain DI for production of a serologically and

chemically distinct molecular species of exfoliative toxin. Rogolsky

et al. (20) previously studied toxin production by this culture , and

indicated that in this instance the controlling gene(s) are located on a

56s plasmid . Although we have referred to this form of toxin as plasmid

fo rm , we believe there  may be an add i t iona l  ‘:hr~ -- -‘somal site for its

synthes is  (u. publ ished obse rva t ions) .

There have been several repor t s  deal ing w i t h  serolog ical d i f f e r e n c e s

among types  of s tap hy lococcal ex fo li at in .  Kondo et al .  repor ted the

i so la t ion  of a toxin f rom several s t r a ins  of p hage group I s tap hylococci

and has termed th i s  product  ex f o l iat i n  B to d i s t i n g u i s h  i t  f rom the

tox in  produced by group II st ap h y lococcal s t r a i n s , which  lie termed

e x f o li at i n  A (13). A r bu t h n o tt  and Billcliffe identified two serolog ic

forms of exfoliatin (both from strains of pha’~e group It staphylococci)

using a rad Lii diffusion proceduro (1). Othcrc hiv e also dc~;cribed

sero lo~~icai differences in ex f o l  i , it i n c  m . i t e r i a l s  d e r i v e d  f r o m  sever a l

s t r a i n;  (4 , 6 , ii). More recently ¶~i icy and Ro~ o1s ky (25) - r.~1e~~i c :illv

d if f . .~ rent i:; t ~d t~.:o ox fo I La t in ;~ t ox i n -  syfl t ‘; c . ; I cd ut ;~ or lr~~:~~-~ ’ : and

p l~i~ m ;1 contra I..

D i sc rep a n c i e s  have also been repor ted  on the s t a b i l i t y  and m o l e c u lar

we ;at  o~ se:~ e a t  th ’ :;e t ox i n  p r t p L  r at  ion :; (13 , 14 , 2 4 ) .  T,c ,i m i

. i ~ Id cem:, ’s i t  ion of ho cii  t ~.‘p. s of ox Id Lit in isol.ited by Kendo (4)

p r ’~~Lied e~ o~~’ ~r.-of ~b ~t hi:; ‘:~i;~ ; ‘~cre  q u ;~~e diff’:r ’~nt. ~~~~~~~ ~~~

— .—-- ~~~ —- ~~~~~ 
- -

~~~ 

-

~~
—--

~
-- -



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~~~~

—-

~~~

- .- —-

~~~~~~ 

_ _ _ _ _ _ _ _ _

12

we isolated . Indeed it may be tha t each tox in—prod u c i n g  s t r a in  of

S. aureus elaborates a distinct type of exfoliatin , with the products

d i f f e r i n g  in both the ir serolog ic reactions and chemical composition.

Thus far the only property that appears to be relatively consistent is

the specific biological activity, suggesting at least some homology

among the various toxic molecules.

The two forms of toxin purified in our laboratory have identical

specific activities when assayed in the newborn mouse model. We have

shown here that these two purified preparat ions are serologically

distinct. We have additionally demonstrated that there are no common

-nti gen ic determinants (A. D. Johnson, L. Spero , and J. F. Metzger .

Abstr. Annu. Meet. Am. Soc. Microbiol. 1978, B99 , p.30) by antigen—

binding capacity measurements on radiolabeled toxins. Further studies

concerning the genetic control of the production of chemically and

serologically d ifferent forms of exfoliative toxin are under active

investigation in our laboratory.
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TABLE 1. Amin o ac id  composi t ion  of two forms  of e x f o l i a t in

Amino Residues/molecule exfoliatin

acid TA—Chromoso m al DI—Pla ;mid

Lys 22 22

His 
• 

7 5

Arg 9 5

Asp 34 29

Thr 12 12

Ser 17 17

Clu 27 26

Pro 10 12

Cly 24 21

Ala 8 13

1/ 2—Cys 0 0

Val 13 9

Net 1 1

Leu I 15 16

Ile 17 17

Tyr 11 13

9 9

Trp 1 1
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FIGURE LEGEND S

FIG . 1. }Ivdroxvla patite chromatography of two forms of exfoliative

tox in. A mixture of 10 ~~ each of TA—type and DI—type exfoliatins

was adsorbed to a 1.5 x 30 cm column equilibrated with 30 mM phospha te

buffer at 
~fl 

5 .7 .  A linear gradien t of increasing phosphate buffer

from 30 mM to 400 mM was used to separate the two toxins. Dashed lines

indicate fractions tha t reacted wi th  specific antiserum in Ouchterlony

diffusion tests.

FIG. 2. Double immuno diffusion of two forms of exfoliative

toxin with antiserum to TA toxin. Wells labeled TA contain 1. ~ig TA

toxin. Wells labeled DI contain 20 DI toxin. Tao center well

contains 5 ~il anti—TA serum. The plate was incubated for 24 h at room

temperature.
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