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Induction of streptolysin formation by biosynthetic 
polyribonucleotides 

The p(fiyril:xmucleotides synthesized by polynucle(~tide ph(~sph(,rylase I a fr,,m mlcle(~si(h.-5'- 
d iphosphates  have been shown to possess the s t ruc ture  of RN:\*.  Since poly . \ ( ; I 'C,  the synthetic. 
p(flynucleotide c(mtaining a(tenylic, guanylic, uri(lylic, and cvtidvlic acid residues, i.~ indistinguish- 
able from natural  RN. \  ~-n, it was desirable to ascertain wimth~,r this cotnp(mnd and other bi,,- 
synthet ic  polynucle(>tides are en(bm'ed with a biological activity characleristic of natural  
rib(mucleic acids. 

An interesting biological ettect of RN.\  was disclosed by ()Kaxmzo's finding; that  yeast 
RNA st imulated the synthesis  of s treptolysin (streptolysm S) by grmving hemolytic strept(~cocci. 
HOSO';A el al. ~ aml ]~ERNHEIMER 9 found later tha t  RN. \  also pmrlmted streptolysin synthesis  
by resting ce.ll suspensions.  I"urther studies showed tha t  the activity of R N.\ was marke(llv 
increased after exhaust ive digestion with pancreatic filmnuclease ~ la, the non-dialvzable resi(lue 
being particularly active. The activity was lost after 1)r(ficmged acid (~t- alkaline hvdroh'sis .  

The effect of synthetic polynucle.otides ()n s t reptolysm synthesis  was studied using both the 
resting 12 and gr,,wing n cell techniques. The p(,lynncle,~tides were prepared with polynuclec~tide 
phosphnrylase  of ./.:010bach'v v i . e l a n d i i  as previously described a. l.'(~lv : \ ( ; l ' l ' ( t : t : l : l )  was 
prepared from an equimolar  inixtnre t,f ADP, ( ;DI ' ,  t ' l ) l ' ,  aml ( ' l i p  and Rave the following 
base analysis (adenine taken as lO):(adenine, If,. guanine, l l.3; uracil, (x4; cyt(,sine, 5.()1. P0h" 
.r% ( 3  t i ( "  " l : <~. 5 : ~ : l ) ~V;t S pretmre(t fr(,m equim,,lar ctmcentrat ions of .\I)1', t ' l ) l ' ,  and ('1)I', and 
half the molar c(mcentration t,f (;I)1';  its base analysis was: adenine, zo; guanine, (~.- ; uracil, 0.s: 
cytosine (>.8 Poh" AI" (containing both adenvlic and uridylic acid residues} was prepared fr(ml an, 
equimolar  mixture  ,~f AI)P and I ' I ) P  and poly" :\(" (c(mtaining both ach:nvlic and cvtidvlic aci(1 
residues) from an equimolar  mixture  of .\1)1 > and ( ' I)P.  l'oh" (;1:(" (containing guanylic, uridylic. 
and cvtidvlic acid residues) was 1)repared from ecluimolar c(mcentrati(ms of I.'1)1' and ('I'~I' and 
half the n{olar concentrat ion of (.;I)1>: its l)ase analysis was (guanine taken as lo): guanine, io.o: 
uracil, xo.5; cytosine, x~.4. The I)ase analyses were carried o u t  (m perchhwic acid hy(tr(flysates ~* 
by the method of \Vv:xTT ~s. 

( 'ompar ison oI Table I and Fig. ~ shows that  the results ~btained by the growing and resting 
cell methods  were in excellent agreement,  t 'olv A(;['(" ( I : ~ : l : l )  was more active than yeast 
R N A  and was quite active wi thout  prior ribonucleasc digesti(m (Table l), whih: poh" ;\GL'(" 
( ' : o . 5 : ~ : ~ )  had bu t  negligiMe activity and poly .\I." and poly A(" (Table 1) were inactive, at 
the  levels tested, even after ril~oimclease digestion. Poh" (;U(" was inactive, but  after ribonuclease 
digestion it had demtmstralfie activity in both resting and growing cell systems. The sodium sail 
of ( , I ) t '  in coneentrati(ms up to 8oo l~g/ml and the s(~diuln salt (~f ( ;MI'  m e(mcentrations up to 
l_,so Hg/ml failed to induce formation of strept(>lysin in both systeins, l~oh" .k (polynucleotide 
containing (rely adenvlic acM residues) was inactive ill unhv<lr(~lvzed form, after alkaline hv(lr,dvsis 
and after hydrolysis with snake venonl phosph(~diesterase. 

The base comp(~sition of poly . \GI ' ( '  (~:~ : ~: i) is similar to that  (,f .Ico/,~hacler I{N.\ ~ and, 
as now seen, this synthet ic  RN.\  exhibits a Inological activity characteristic of natural  RNA. 
The l)ossitfilily of nm(lifying the base c(~mpos~tion of biosynthetic p(dylmcle(~tides and of preparing 
polymers containing (rely (me base or anv given comlfination ~f bases disch,sed an imlmrtant  
aspect ,~f the eflect of I~..N.\ and its rilmnuclease " c o r e "  on streptolysin synthesis,  nameh" that  the 
active s t ructnre  must  be an oligonucleotide relatively rich in guanylic acid residues. This is 
apparen t  from (a) the tngh activity ,>f the ribonuclease "core"  of RNA, (b} the. inactixqtv of 
polynuclet~tides containing n() ~uanylic acid, and (c) the negligible activity of polynncle~tides 

Fig. i. Effect ot ribonucleasc digestion products  of polyribo- 
nucleotides on streptolysin synthesis  by_ growing cells of 
Slreplococcus  pyogenes .  T o  t .  5 ml neopeptone-infusion broth, 
containing o.ol '~,, sodium thioglycolate, were added o._, ml 
test  solution and o. 3 ml of a if> h broth culture of S. p y o g c . e s ,  
strain ( ' ao3S.  After incubating S h at  37',  the cultures were 
refrigerated until the next  day when they were t i t rated fl,r 
hemolytic activity (streptolysin S). The ribonuclease digestions 
and streptolysin assays were carried out  as previously des- 
cribed 9,n. The yeast RNA was a commercial product  (Schwarz 

I.aboratories, Inc.). 
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TABLE I 

EFFECT OF POLYRIBONUCLEOTIDES AND THEIR RIBONUCLEASE DIGESTION PRODUCTS ON 
STREPTOLYSIN SYNTHESIS BY RESTING CELLS OF Streplococcus pyogenes 

Concentration Timt o/ribonu- Str~ptolysin 
Polynu~leotid¢ in assay cltase digestion 

( ~g.ml) ( h) (units "rd) 

Yeast  RNA 400 o* io 
4 ° 2 14o 
4 ° 4 171 

AGUC (I : I : i : I) 4o0 o* 226 
4 ° 2 447 
4 ° 4 49I 

AGUC (i :0.5: I : i) 400 o" o 
4 ° 2 33 
4 ° 4 39 

AU 400 o" o 
1oo 4 o 

AC 4oo o" o 
loo 4 o 

The polynucleotides were dissolved in 0.05 M tris (hydroxymethyl )aminomethane  buffer, pH 7.5. 
i .o mg aliquots were digested at 37 ° with 0.o5 mg crystalline pancreatic ribonuclease (Worthing- 
ton), in a final volume of i .o ml for 2 and 4 h. Controls were similarly incubated for 4 h bu t  wi thout  
ribonuclease. After incubation, the samples were lyophilized, the residues dissolved in o.o33 M 
phosphate  buffer, p H  7.o, containing o.o77 M NaCI, and suitable aliquots used for the streptolysin 
S assay. This was carried out  as previously described 1~ using S. pyogenes, strain $8. The yeast 
RNA ( A  : G: U : C = ~o: 11.2 : 9.8 : 7.9) was prepared from brewer 's  yeast by  the method of CLARK 
AND SCHRYVER 16 and exhaustively dialyzed against distilled water  before use. 

* Control, incubated 4 h at  37 ° wi thout  ribonuclease. 

with a low guanylic acid content.  With regard to the last point,  it is of interest tha t  ribonuclease- 
digested yeast,  wheat  germ, tobacco leaf and streptococcal RNA were about  equally active in 
s t imulat ing streptolysin formation, whereas tobacco mosaic virus (TMV) RNA was inactive under 
the same conditions x7. In contras t  to other ribonucleic acids, TMV RNA contains less guanine 
than adenine and the same is true of its ribonuclease "core 'qS. The importance of a high guanylic 
acid content  is also borne out  by experiments* now under way with fractions derived from 
ribonuclease digested yeast  RNA. 
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Formation of non-phage-antigenic protein in 
E. coli infected with T2 phage* 

I t  has been found tha t  the integrity of  the infecting phage deoxypentosenucleic acid (I)NA) 
is required for the successful initiation of the syntheses  of both phage-specific protein (phage 
antigen) 1 and I)N:\ .  Recently, a possibility tha t  the parental  phage I)NA controls tile formations 
of phage antigen and DNA indirectly th rough a substance other than  DNA has been suggested x, z. 
If the control by the parental  DNA is really indirect, there mus t  be a formation of a new substance 
or substances immediately after the infection but  before the appearances  of phage DNA and 
antigenic protein. Tile present note describes some of our experimental  results on a protein 
formed jus t  after infection which are in favour of the hypothesis  of inclirect control by' the 
parental  I )NA. 

The formation of protein in Escherichia coli, strain B(H), infected with bacteriophage Tzr" 
was studied in the lvsates at  different t imes of phage development.  T2-antigenic protein is defined 
here as tha t  protein which can be precipitated specifically with anti-T2 rabbi t  serum x. The result  
of a typical exper iment  is presented in Fig. l. I t  is clear tha t  there is a very active protein synthesis  
immediately after infection, confirming the results of previous workers 3, and tha t  the protein 
formed bef~)re lo min after infection does not contain T2-antigenic protein. The rate of the 
formation of this non-phage-antigenic protein is high for the first i0 min and then gradually 
tapers off. 

It was found tha t  the non-phage-antigenic protein is not a precursor protein of phage 
antigen, because most  of the ~S (more than 90 %) in non-phage-antigenic protein fraction, which 
had been labeled bv feeding 3sS only during the first 8 min after infection, could not  move into 
thc phage-antigenic protein fraction even after 60 min incubation in ~S-free medium. 

The next  question is whether  it is a normal bacterial protein or not. The following evidences 
suggest  tha t  it is not bacterial. (1) The fact tha t  the infection with T2 phage can provoke a 
synthesis  of the non-antigenic protein in ultraviolet light (UV) irradiated E. coil, in which a 
synthesis  of bacterial protein is largely suppressed (see Fig. 2). (el A similar observat ion tha t  the 
adenine-requir ing m u t a n t  of E. coli can form the non-antigenic protein immediately after  infection 
even in a medium without  adenine, while it can hardly synthesize protein in this meclium if it is 
not  infected (I. \~"ATANABE AND Y. KIHO, unpublished).  From these results, it can be considered 
tha t  the non-antigenic protein is different from the bacterial protein which can be produced 
in uninfected normal coll. (3) The fact tha t  protein synthesis  is prerequisite to the formation of 
new phage I)NA after infection 4. This fact indicates the presence of a new kind of protein in the 
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