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NTRODUCT ION

Our under,.tandln~’ of t i le deta ils ci sy n t h r ~; I s  and set ret to n of

exoprotein !; has been s ignil h ut it ly  dei ;‘. iii .l s ince I tie formu lat Ion of

the s I gna 1 hypet hes f s so ci eg•unt 1 y pri s in t id  by B) uiln I and I bbe r s te in

(I) • The e~;s, n e of t he theory Is t iii t t r uns) at  ion of messenger R~~t

y ields a polype~ t Ide chain longer thin t h u  of the m a t  uu re C~oc~~i lular

form of the  p r o t e i n .  Dur ing t rans t a t  Ion , a spec 1(1 e proc use bound t o

the n & n ~’rane e 1 ~~ . y es the na ~;u ent po l ypu pt I (IC e hi in , remov I n~ a 2 3 —2 5—

amino acid h ydrophobic pept ide anchor and permit t ing dl .c)iai ~ of tlit

final , mature exoprotein to the exter ior.  This general me c t I 112 i5m

seems to apply to formation of blood pr o t e i n s  ( 1—3)  auud hormones (4—8 )

by eukaryotic cells and to manufacture of alkaline phospha t ;use (t i , ) O)

and peniciliinase (11) by bacteria. A i yappa , Traf i .u nt c , a nd I ;u~p t ’ui

(11) have purified the membrane—bound protease Iron I~ h i 1 1 u i s  !f Iuenlfnrnis

which cleaves the nascent polypeptide chain of penieLlinase and have

concluded from inhibitor studies that it Is a serine p ro teasc• .

Pr odu ct ion of e r t c rotox in  B (SEB) by S a ~~!y Iococdus aureus a l so

involves the syn t hesis and export , to the exterior med ium, of a sizable

polypeptide. On the basis o f the invest igat ions  quoted above , the

effect  of certain protease inhibitors on production of SEB by both

growing and concentrated nongrowing cells of S. aurcus was studied .

MATERIALS AND METHODS

The l iquid medium used throug hout the study was composed of 4Z

NZ—amlne NAK (llumko Sheffield) and l~ yeast ext rac t  (Difco) dissolved

in 0.067 M phosphate buffer , pH 7.0. For growing cells , tubes containing

5 ml of the NAK medium supplemented wit)~ various protease inh ibitors
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were inoculated wi t h  O.0~ ml of au overn igh t  cu l t u r e  of S. ;I *ir eu q

strain S—b in NAK medium. These cultur es were Inc ubated it an angle

on a shaker at 37°C for 21 hr. The opt ica l  densities of a 1:5 dIlution

(into water) of the 21—hr cultures wi re det ertnined on a Col enu in Jr.

spectrophotometer at 600 nm. The remainder of the cu lt uit. was

centrifuged to remove the ccl is and the supernutant was decanted and

stored frozen until assayed for SELl. The amount of SEB (~~~/ r n 1 )  in

these samp l &~~; divided by the opt ha l  density of the 1: 5 di lutIon

yielded SEB/O.D. values which were emp loyed in thie calcul~~t Ions of dat u

presented in 11g. 1.

For concentrated , nongrowing cell s tudi es , 250—mi fLi ;ks conta~~iing

100 ml of NAK medium were inoculated with 2 ml of an overni ght culture

of s t ra in  5—6 in NAK med ium. The f lasks were then incubated in a water

bath shake r for  5 hr at 37° C. Fo l l o w In g  th i s  incuba t ion , c e l l s  from

100—mi volumes of c u l t u r e  were sedimented in a r e f r i g e r a t e d  c e n t r 1 f n~ e

and the cel ls  from each were resuspended in 10 ni of ice cold NAK mcd j un

con ta in ing  one of many graded concen t ra t ions  of a protease i n h i b i t o r .

O n e — m i l l i l i t e r  samp les of t irese concentrated ce l l  suspensions were then

centr i fuged to obtain a 0 time value for the amount of SEB present. The

cell suspensions were then t ransfer red  immediatel y to a 37° C water ba th

and 1—mi samples were withdrawn a f t e r  10, 20 , 30 , 60 , and 90 mm of

incubation and centr i fuged immediately to remove cel ls .  All  sup erna tan t s

were decanted and stored frozen un t i l  assayed for SEB . No change in viable

count or c al dens i ty  could be detected in these suspensions throug hout

the entir  - incubation period . The suspensions were three t imes

more concentia tcd  than 21—hr cultures of the org .ini sm grown to s t a t i o n a r y

phase in the NAK medium.
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All inhibi tors were dissolved in NAK med ium and diluted with the

same medium to yield t he  desired Inhibitor concentration . For growth

studies , the initial inhibitor solution in NAK was sterilized by niemhr:une

fil trat ion before use. Pheny l iiu t huylsulfony l fluorid e (PMSF), I.—l —

tosylamido—2—p heny Ieth uy 1 chiorometh yl  ketoni  (TI’CK) and pa r a—

aminobcnz am id i ne (pABZ) were obtained from Sigma Chemical Company.

l — C h l o r o — 3 — t o s y l am l d o— 7—a m ino — 2—hue ptanon e  hydrochloride (TI.CK) was

purc hase(I from Aldr ich Chemical Company . Cer u l en in  was a produc t iii

Mako r Chemicals , Ltd .  of Jerusalem , Israel . Anti pai n I ( l — c ; u r h n ’ x v — 2 —

p heny let l ;v l )c arbamo yl — L— arg iny l— L—val y la r g in a l j  was ob ta i n ed throug h

the courtesy of Dr.  Wal t e r  Troll , New Yor k Uni ver s i t y  Med ical Cente r

(12). None of these inhibitors , at the highest concentration tested ,

caused a measurable change in pH of the medium.

Assays for SEB were performed by the Oudin tube sing le diffusion

method .

RESULTS AND DISCUSSION

The effects of various protease inhibitors on both final optical

density and SEB/O.D. values for growing cultures arc presented in Fig. 1.

TPCK inhibited equally both growth and SEB formation and no differential

suppression of SEB production t~ou1d be detected . In contrast , pABZ , over

a narrow concentration range, strongly Inhibited SEB yieid,~I without 
—

appreciably altering final growth density. Both TLCK and antipain clearly

inhibited SEB production over a comparatively broad concentration range

without suppressing growth. Antipain had previously been shown (12) to

suppress proteases of Eschuerichia coli over a 10—fold concentration range

without detrimental effec t on growth of the organism. PMSF, up to 

~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ -— .- ~~~~~~~~~~~~~~~~~~~~~
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sat ura t ion (10 1 
M) , had m i ’  effec t on eIther (Intl growth densi t y or

SELl forma t ion by t his s t ra i n  of S. auri us (dat u not i;hown )

Format ion of SELl by cone ent  r u t e d  , nongrow lug eel I suspensions In

the presence of Inhili’ I tor~ yIelded imi lir  result . Time influence of

pABZ on SELl pr ud in -  t ion by commee nt rated nuspt me~I i ’ mu . is pm e~.ent e d in

Fig. 2. Format ton of SELl re mu lied a max Inium aft er 1() t o  60 mlii

incuhat ton and the f inal  conrent rat ion of SF11 formed was cle.irl v

supp ressed by Increasi im ~ concentrat ionH of pAll?.. The rapid , m i t  i;u l

rate of SELl fo rmat ion  was prob ably  a lso  diminished by pALl ?., a l t h o u g h

the data did not clearl y demonstrate ~t m~ h an e f f e c t .  The i n f l u e n c e  of

other inhibitors on SELl product Ion by (()nccnt r~ t ed ce ll suspensions Is

illustra ted in Fig. 3. In this figure , the avt ra~e final conceatration

of SEB in pg/mi over the r ange of 30 to 90 mm was d e ter m i n e d  f o r  each

concent r a t i on  of each inhibitor. The resul ts  are p lotted as thm ( p e r c en t

of the average f ina l  SEB concentration for a control  suspension in NAK

without  i n h i b i t o r .  TPCK suppressed SELl fo rmat ion  when used at c o n c e n t r a t i o n s

far  above those that comp le tely inh i b i t e d  growth.  S i m i l a r l y ,  pABZ

severely suppressed SELl production at concentrat ions up to 50 mM, much

hi gher than the concentrat ion required to prevent growth.  TLCK strongly

inhibited formation of SEB by these cell suspensions while an t i pai n

caused only slight inhibi t ion . . Chloramphenicol at 20 pg/m i or more

tota lly inhibi ted SEB production . This resul t  indicated that SEB formed

in this system was derived solely from de novo synthesis of SELl . A

similar system and conclusion have been described by Miller  and Fung (13).

The antibiotic cerulenin had previously been shown to suppress SEB

formation by growing cultures of strain S—6 at concentrations (2 to 4

pg/mi) far too low to affect either grow .h rate or final growth densi ty  (14).

________________________________ _____________________ ___________________ ________ S--,— — . — —
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Concentrations of up to 100 ~g cerulen in  per ml (4.7 x lO~~ H), the

minimal inhibitory concentr .ution for growth of stu.mi n S—6, did not

reduce SELl formation by concentrated , nongrowing cell suspeuis ioris.

Possibly, reduction in SELl producti on in growing cultures by suhinhih itory

concentrations of cerulenin resulted from subtle alt eration in the

phospholipid composition of the cytoplasmic membrane , whereas cerulenin

had no effec t on SELl formation by concentrated , nongrowing cell suspensions

whose membrane composition was probabl y stable over the 90-mimi incubation

period .

Aiyappa , Traficante , and Lampen (11) reported t hat pucllied

penicillinase—relt.msl ng prot ease of B. l icheniformnis was Inh ibi ted strongly

only by diisopropylfluorophosphate but not by TLCK , TPCK , or pAR?..

Formation of SELl by concentrated cell suspensions of S. aureus can bc

inhibited by these compounds which suggests that a proteoly tic cleavage

step may well be involved in transport of SELl molecules to the exterior

medium.
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Legends

Figure 1.

Suppression by protease Inhibitors pAR?., Tl.C K , fl’CK and .mn tlp a i i t

of SELl forma t ion by growing cultures of S. aurc~us.

Fi gum e 2.

pABZ suppression of SF.R product Ju n  by concen t rated cell susj ’ens iotms .

Figure 3.

Effect of various inhibitors on SELl formation by concentrated cell

suspensions.
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