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The f irs t  yolk granules  appear  when  the  follicle cells 
are abou t  45/~ long (stage I I I ) .  This p robab ly  means  t h a t  
t he  nucleus m u s t  have  a m i n i m u m  degree of po lyp lo idy  
before  the  cell is able to  s t a r t  its secre tory  act iv i ty .  I t  
m e a n s  also t h a t  the  ep i the l ium consists  of two types  of 
cells be tween  s tage I I I  and stage V, i.e. those  cells which  
con t inue  to divide  and  the  non-d iv id ing  polyploid cells 
which  secrete the  p roduc t s  used in yolk format ion.  The 
final  s tage of ac t iv i ty  is reached  wi th  m a t u r i t y  of the 
oocyte  when  the  shell  is secreted (stage VIII)7 .  

Zusammen/assung.  Es wird  die En twick lung  der  Fol-  
l ikelepithelzel len in den panois t i schen  Ovariolen yon  

Carausius morosus besch r i eben .  Die sekretor ische Zell- 
ak t iv i tg t  beginnt ,  wenn  die Zellkerne durch  die E n d o -  
mitose  polyploid  geworden sind.  Ami tosen  t r e t en  keine 
auf. 
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Inh ib i t i on  of the  Infect ive  Act iv i ty  of  P h a g e  f2 
and its  In fec t ious  R N A  by H i s t o n e  

Basic subs tances  affect  the  in fec t iv i ty  of viruses,  
P r o t a m i n e  inhibi ts  the  reproduc t ion  of Mengo wrus ,  
p robab ly  by  means  of b ind ing  onto  the  cell surface 
(COLTER, DAVIES, and  CAMPBELL1). Phage  T 2 is inhib i ted  
by  polylysin or s t r e p t o m y c i n  (SI-IALITIN, DANON, and 
KATCHALSKI 2, and COHEN3). Some R N A  phages  are in- 
h ib i ted  by  the  basic  an t ib io t ics  s t r ep tomyc in  or neomy c i n  
(BROCK 4, SCHINDL~R 5, BROWNSTE1N S, and SCHINDLER 7). 

Different  effects following the  associat ion of h i s tone  
wi th  various anionic substances ,  essent ial ly  wi th  nucleic 
acids, are under  ex tens ive  inves t iga t ion  at  present .  I t  has  
been  shown t h a t  h is tone  inhib i t s  synthes is  of DNA-  
p r imed  RNA (HuANG and BONNER s, BARR and BUTLER ~, 
a n d  ALFREY, LITTAU, and MIRSKY 1~ and  the  syn thes i s  
of D N A  in vi t ro  (IXlN1LICA and  BILLEN n). His tone  in ter-  
acts  wi th  DNA, changing its the rmal  d e n a t u r a t i o n  profile 
(HUANG, BONNER, and  MURRAY 8, HNILICA a n d  BILLEN 11, 
and  HAHN 1~), and prec ip i ta tes  it  at  a h igher  h is tone:  D N A  
ratio.  I t  also prec ip i ta tes  R N A  (BUTLER and  JOHNS13). 
I t  was shown t h a t  h is tone  l iberates r ibosome-bound  fl- 
galactosidase (NE~INOV,~ and BUEGER~4). 

This  paper  describes the  effect of h i s tone  on the  repro-  
duc t ive  ac t iv i ty  of phage  f2 and the  in te rac t ion  wi th  in- 
fect ive f2 RNA.  

Material and methods. Bacter iophage  f2, E.  coli K 13 
and  general  t echn iques  were descr ibed earlier (ScmND- 
LER~). Infect ive  R N A  was isolated by  phenol  ex t r ac t ion  
(GIERER and SCHRAMM ~5), omi t t ing  the final  p rec ip i ta t ion  
wi th  e thanol ,  i t  con ta ined  l04 infect ive uni ts /ml .  The 
p repa ra t ion  of spheroplas t s  and  their  infect ion wi th  infec- 
t ious  R N A  was pe r fo rmed  according to  GUTHRIE and 
SINSHtglMER 16. His tone  was p repared  f rom calf t h y m u s  
b y  Dr. LIEBL. I t  was no t  f rac t ionated .  I t s  lysine : arginine 
ra t io  was 1:1.6 (analysis k indly  pe r fo rmed  by  Dr. 
NOVOTN~). P ro t amine  Hydrochlor ide  Spofa in solut ion 
was  used. 

Results. Inhib i t ion  of reproduct ion  of f 2 phage : Historic 
suppresses  r ep roduc t ion  of f 2 phage in E. coli K 13. Fol-  
lowing the  addi t ion  of various concen t ra t ions  of historic 
to  t he  phage-bac te r ia  sys t em at  the  t ime  of infection,  a 
cer ta in  drop in the  average yield of phage  f rom infected 
cells could be observed  (Table I). A similar effect  can be 
observed  af ter  t r e a t m e n t  w i t h  p ro tamine .  His tone ,  as a 
basic protein,  can b ind  wi th  the  phage part icle  by  electro-  
s ta t ic  forces and  thus  inhibi t  infect ion of the  hos t  cell. 
Moreover,  i t  can b ind  wi th  R N A  as well, inhib i t ing  i ts  

Table I. Inhibition of reproduction of f2 phage by histone during 90 
min incubation; inhibition by protamine during 5 rain pulse or 

90 miu incubation 

His- Phage-yield Pro- Phage-yield 
tone tamme 
/*g/inl pfu/inf, a Relative /~g/ml pfu/inf, cell Relative titre 

cell titre 
5rain 90min 5min 90min 
exp. exp. exp. exp. 

0 183 1.00 0 1220 1220 1.00 1.00 
20 70 0.38 10 623 520 0.52 0.42 
40 20 0.11 50 64 3 0,05 0.003 

100 9 0.05 100 1.5 - 0.001 - 
160 14 0.08 - - 

a 'pfu' means plaque forming unit. 

Histone or protamine was added to respective concentrations of 
E. coil K 13 (4.7 �9 10 ~ cells/ml) together with f2 (0.2 pfu/cell). After 
5 min infective centres were assayed (4.6 �9 10e/ml), after 90 rain 
chloroform was added and the phage was titrated. In one series of 
experiments with protamine, infected ceils were centrifuged in the 
fifth minute and resuspended in warm broth. Average yield of phage 
from an infected cell was expressed as pfu/infeetive centre. Neither 
protamine or historic exerts any inhibitory effect ofi'~owlng culture 
of E. coli K 13. 
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Table II. The effect of histone on the reproduction of f~ phage in 
spheroplasts by f2 RNA infected 

Histone Experiment I Experiment II 
/*g/ml relative titre relative titre 

0 1.00 1.00 
5 0.71 0.87 

10 1.04 - 
50 - 0.95 

100 : 0.84 - 

0.2 ml of spheroplast stock was mixed with 0.2 ml of diluted infec- 
tious RNA at 37~ After 5 rain 0.4 ml of histone solution (double 
strength) was added. After 10 min infective centres were assayed in 
control tube (1.9, 10=/ml) and respective mixtures were diluted in 
stabilized medium. 90 rain after infection the mixture was freeze- 
thawed three times and subsequently titrated. Titres are relative 
values to controls. 
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Fig. 1. Inactivation Of f2 phage by histone. 2 �9 10 s pfu/ml in 0.5~ 
peptone and 0:25% NaC1 solution were incubated 60 rain at 37 ~ 

with histone in respective concentrations. 
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Fig. 2. Inactivation of infectious f= RNA by histone. 0.1 ml of 1:2.5 
diluted infectious RNA stock solution was mixed with 0.1 ml 
histone to obtain the required concentrations. After 60 rain at 37 ~ 
0.2ml of spheroplast stock was added, the mixture incubated 15 rain 

at 37~ and the infective centres were titrated. 
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pene t r a t i on  in to  the  cell. These two possibili t ies were 
therefore  s tudied  separately .  

I nac t i va t i on  of free f2 phage :  Historic inac t iva tes  f2 
phage  in the range  of 5 / ,g/ml to  200 / ,g/ml a t  37~ in 
60 min  to  a comparab le  degree as it  inhibi ts  the  repro-  
duc t ion  of th is  phage  (Figure 1). 

I nac t i va t i on  of infectious f2 R N A :  Infect ious  f~ R N A  
is more  suscept ible  to h is tone  t h a n  phage  particles,  as can 
be seen in Figure  2, where  b o t h  phage  ac t iv i ty  and  R N A  
ac t iv i ty  are p lo t t ed  agains t  the  concen t ra t ion  of his tone.  
The slope of f2 infect ious R N A  inac t iva t ion  is s teeper.  
The combined  effect  of h i s tone  could thus  explain its in- 
h ib i t ing  proper t ies .  Moreover,  h i s tone  migh t  in terfere  
wi th  the  intracel lular  synthes is  of phage.  In  th is  case it 
would be necessary  to assume its pene t r a t i on  t h r o u g h  the  
osmot ic  barr ier  in to  the  spheroplas t .  Never theless ,  this  
could no t  be excluded when  compar ing  i ts  effect  in th is  
sys t em to a s imilar  one of r ibonuclease and  desoxyr ibo-  
nuclease respect ively.  B o t h  these  enzymes,  according to 
FRASER and  MAHLER 17, are able to  pene t r a t e  in to  the  
spheroplas t s  of E. coli and to inhibi t  t he  early s tages  of 
phage T z deve lopment .  

I t  was  therefore  necessary  to inves t iga te  the  influence 
of h i s tone  on fz-reproduct ion following the  infect ion of 
spheroplas ts .  

The effect  of h i s tone  on phage  reproduc t ion  in RNA-  
infec ted  spheroplas t s :  B y  adding  h i s tone  to  the  R N A -  
spherop las t  mix tu re  5 mill af ter  infection,  i ts  effect  on 
phage deve lopmen t  can be s tudied.  At  the  f i f th  minute ,  
the  infect ion of spheroplas t s  is a lmos t  comple ted ,  the 
t i t re  of infect ive centres  reaching 90-95 % of the  final 
value. As Can be seen in Table I I ,  his tone  exer ts  no sig- 
n i f icant  inh ib i to ry  effect  on the  yield of phage part icles  
in the  range of 0-100 Fg/ml.  

Discussion and conclusions. As was demons t r a t ed ,  
h is tone  inhibi ts  the  reproduc t ion  of phage  f, in E. coli K 13 
and  the  infect ion of spheroplas t s  b y  infect ious RNA.  
His tone,  as a basic prote in ,  in te rac t s  wi th  the  phage 
capsid and  wi th  phage RNA.  

The effect  of h i s tone  depends  on the  concen t ra t ion  of 
un iva len t  ions in the  mixture ,  as shown in the  deta i led  
s tudies  wi th  po l io -RNA (LuDwm and  SMULLlS), where  
historic exer ts  a well-expressed enhanc ing  effect  in 0.05 M 
NaC1. 

We  conclude t h a t  the  inh ib i to ry  effect  of h is tone  can be 
expla ined  by  its e lect rosta t ic  b inding  to phage  capsid 
alone in the  p r i ma ry  phases  of infec t ion  ra the r  t h a n  by  
the  in ter ference  wi th  phage  synthes is  z9 

Zusammen[assung. His ton  h e m m t  die En twick lung  der  
Ph ag en  f2 in E. coli-K 13-Zellen und  in den  Spheroplas ten ,  
die mi t  f~ R N S  infizier t  wurden.  Die inak t iv ie rende  Wir-  
kung des His tons  auf freie Phagenpa r t i ke l  und  infektibse 
R N S  wurde  beschr ieben.  
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