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on a n  u l t r a m i c r o t o m e  ( U l t r a t o m e  I I I ,  LIMB), s t a i n ed  
w i t h  u r a n y l  a ce t a t e  a n d  lead c i t r a t e  10 and  e x a m i n e d  w i t h  
an A E I  E M 6 - B  e lec t ron  microscope.  

Results and discussion. I n  t he  spleen t i ssue  t he  mos t  
f r e q u e n t l y  in fec ted  cells seen were t he  endo the l i a l  cells. 
I n  t he  in i t i a l  fo rms  wh ich  h a v e  j u s t  p e n e t r a t e d  such  
ceils, t h e  p a r a s i t e  shows an  e longa ted  shape  w i t h  a nuc leus  
in  t h e  cen te r  c o n t a i n i n g  c h r o m a t i n  masses  a t  i ts  pe r iph-  
ery. M i t o c h o n d r i a  are seen a n d  an  endop la smic  re t ie-  
u l u m ;  t h e  c y t o p l a s m  is filled w i t h  r i bosome  part ic les .  
The  p a r a s i t e  is covered  w i t h  a double  m e m b r a n e  in w h i c h  
sub-pe l l i cu la r  m i c r o t u b u l e s  m a y  be  found  occasional ly .  
I t  is s u r r o u n d e d  b y  a sma l l  vacuole  b u t  shows i n t i m a t e  
c o n t a c t  w i t h  t h e  c y t o p l a s m  of t he  hos t  in  m a n y  places.  

The  p a r a s i t e  soon loses i t s  smal l  e longa ted  shape,  
becomes  more  rounded ,  and  increases  in  size (Figure  1). 
The  nucIeus  d iv ides  b u t  d u r i n g  i t s  d iv i s ion  t he  nuc lea r  
m e m b r a n e  r ema ins  in tac t .  I n t r a n u c l e a r  m i c r o t u b u l e s  
m a y  be obse rved  occasional ly .  The  d iv i s ion  of t h e  
nuc leus  is no t  fol lowed b y  d iv i s ion  of t he  cy top lasm.  
I n  t he  c y t o p l a s m  the  r o u g h  endop la smic  r e t i c n l u m  pro-  
l i fera tes  a n d  m a n y  m i t o c h o n d r i a  are found  (Figure 2). 
Af te r  r epea t ed  nuc lea r  d iv i s ions  a n d  cons iderab le  g r o w t h  

of t h e  cy top l a smic  mass,  t h e  s e g m e n t a t i o n  process,  i.e., 
t h e  f o r m a t i o n  of t h e  new merozoi tes ,  begins .  

T h e  f i rs t  s igns of t h i s  process  to  be  obse rved  were a 
t h i c k e n i n g  of ce r t a in  regions  in t h e  sch izon t  m e m b r a n e s ,  
n d  i ca t ing  t h e  p o i n t  wh ich  would  be t h e  a n t e r i o r  region 
in t h e  fu tu re  merozo i t e  (Figure  3). T h e  m a n y  nucle i  are 
now s i t u a t e d  a t  t h e  p e r i p h e r y  of t h e  schizont ,  a n d  in t he  
cen te r  on ly  a few mi tochondr i a ,  endop lasmic  r e t i cu lum 
and  free r ibosomes  are left. 

Below t h e  t h i c k e n e d  m e m b r a n e  one  or  more  r o u n d  or  
oval  bodies  are found  s imi la r  to  those  descr ibed  in 
Plasmodium gallinaceum an d  o the r  mala r ia l  pa ras i t e s  a n d  
also s t ruc tu re s  wh ich  poss ib ly  r ep re sen t  t h e  rhop t r i e s  
( toxonemes)  seen in o the r  sporozoa  11,1~. 

I n  a more  a d v a n c e d  s tage of m a t u r a t i o n ,  t h e  t h i c k e n e d  
m e m b r a n e  i n v a g i n a t e s  p rofoundly ,  fo rming  t h e  fu tu re  
merozoi tes .  I n  t h e  f inal  phase ,  w h e n  t h e  f o r m a t i o n  is 
a lmos t  complete ,  t h e  new merozoi tes  are sti l l  a t t a c h e d  to 
a sma l l  cy top la smic  piece of t h e  sch izon t  u n t i l  t h e y  are  
e v e n t u a l l y  l ibera ted .  

D u r i n g  t h e  whole  process  of schizogony,  f rom t h e  ve ry  
beg inn ing  to  t h e  end, t h e  pa ra s i t e  s tays  in  a cell vacuole  
wh ich  is ve ry  ev i d en t  in th~  l a t e r  phase  (Figures 3 an d  4). 
I t  is l im i t ed  b y  a m e m b r a n e  of hos t  ceil origin.  

I t  h a s  been  seen t h a t  more  t h a n  one pa ra s i t e  can  
infec t  t h e  same cell, s ince cells w i t h  var ious  sch izonts  
can  be  found,  each  one deve lop ing  in i ts  i n d i v i d u a l  
vacuole.  Mul t ip le  cell in fec t ion  was p rev ious ly  obse rved  
i~ Plasmodium /allax in fec t ing  t i ssue  cu l tu re  cells. Th i s  
fac t  has  been  cons idered  b y  some a u t h o r s  as a n  a n o m a l y  
due  to  t h e  cu l t u r i ng  of t h e  pa ra s i t e s  h, 1~. T h e  resu l t s  
o b t a i n e d  here,  however ,  show t h a t  in  Plasmodium juxta- 
nucleare mul t ip le  cell in fec t ion  m a y  occur  in  vivo,  since 
cells are  found  w i t h  p a r a s i t e s  in  d i f fe ren t  phases  of 
d ev e l o p men t ,  wh ich  ind ica tes  t h a t  a merozo i t e  can  infec t  
a n  a l r eady  pa ra s i t i z ed  cell. 

Zusammen/assung. Die F e i n s t r u k t u r  v o n  Plasmodium 
]uxtanucleare wurde  im Milzgewebe expe r imen te l l  infi- 
z ier ter  j unge r  H f i h n c h e n  u n t e r s u c h t  u n d  die verschie-  
d e n e n  Ver / inde rungen  im Ver laufe  des in t raze l lu l / i ren  
E n t w i c k l u n g s z y k l u s  beschr ieben .  
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Fig. 4. Final phase of cycle with parasites (merozoites) in cell 
vacuole. N, nucleus; OB, oval body; R, rhoptry (Toxoneme). 
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Incorporat ion  of Viral G e n o m e  in D N A  of Chronical ly  Infected Cells 

I n  p rev ious  c o m m u n i c a t i o n s  1, 2 we h a v e  s h o w n  t h a t  a 
l ine of H E p 2  cells chron ica l ly  in fec ted  w i t h  t i ck -bo rne  
encepha l i t i s  (TBEV)  v i rus  3 does no t  p roduce  m a t u r e  
vir ions,  a n d  t h a t  t h e  pe r s i s t ance  of t he  v i rus  in  t h e  cu l tu re  
for 13 years  is due  to a c c u m u l a t i o n  in t he  cells of v i ra l  
r i b o n u c l e o p r o t e i n  s t ruc tu res .  

The  s t u d y  of H E p 2  cul ture ,  wh ich  appea red  to be  
v i rus- f ree  an d  the re fore  is used for i so la t ion  a n d  s t u d y  of 
va r ious  viruses,  has  shown  t h a t  a t  leas t  some clones of 
th i s  cu l tu re  p roduce  a n  O n c o r n a v i r u s  of t y p e  B 4,5. I t  is 
well  k n o w n  t h a t  R N A - d e p e n d e n t  D N A  po lymerase  of 
Oncornav i ruses  u sua l ly  assoc ia ted  w i t h  t h e  v i rus  R N A  ~ 
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Fig. 1. A) IsopycDic banding of TBEV in a sucrose density gradient 
20-60%. aH uridine-labeled virus was layered on the gradient and 
centrifuged in a SW 27.1 rotor of a Spinco L3 centrifuge at 25000 rpm 
for 5 h. B) Sedimentation properties of RNA extracted from TBEV 
in a sucrose deltsity gradient 5-20%. 3H uridine-labelted RNA was 
layered on the gradient and centrifuged in the same rotor at 20 000 
rpm for 18 h. The position of ribosomal 28 S marker RNA is shown by 
the arrow. 

m a y  also induce  D N A  s y n t h e s i s  u s ing  a fo re ign  R N A  as a 
t e m p l a t e  7, a n d  s u c h  D N A  t r a n s c r i p t  m a y  be  incor-  
p o r a t e d  i n to  t h e  cel lu lar  ge nome .  T h e r e f o r e  it  w a s  
w o r t h w h i l e  to  s t u d y  H E p 2 - S o f  c u l t u r e  ch ron ica l ly  
in fec ted  w i t h  T B E V  in s e a r c h  of D N A  sequences  com-  
p l e m e n t a r y  to  t h e  v i ra l  R N A .  

T h e  Sof s t r a i n  of  T B E V  was  p r o p a g a t e d  in a c o n t i n u o u s  
t i s sue  c u l t u r e  of p ig  k i d n e y  ( S P E V )  label led w i t h  3tt- 
u r id ine  (10 ~zCi/lnl, specif ic  a c t i v i t y  26 C i /mmol ) ,  t h e  
cu l t u r e  m e d i u m  w a s  collected,  t h e  celt debr i s  w a s  r e m o v e d  
b y  c e n t r i f u g a t i o n  a t  15,000 g for  20 rain,  t h e  v i ru s  w a s  
s e d i m e n t e d  a t  100,000 g for  3 It, r e s u s p e n d e d  in T N A  
buf fe r  (Tris HC1 p H  7.4 0.01 M, NaC1 0.1 M, E D T A  
0.001 M)  a n d  pur i f i ed  b y  e q u i l i b r i u m  c e n t r i f u g a t i o n  
(25,000 r p m  for  5 h in a S W  27.t  r o t o r  of a Sp inco  L3 
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Fig. 2. Isopycnic banding of TBEV RNA hy- 
bridized with DNA from non-infected and 
chronically virus-infected HEp2 cells. 3H uri- 
dine labelled TBEV RNA (about 10000 epm) 
was hybridized with 0.5 mg of DNA in 50% 
formamide with 0.4 M NaC1. The products of 
hybridization were centrifuged in caesium 
sulfate ~adients in a Ti50 rotor of a Spineo 
L3 centrifuge at 35,000 rpm for 60 h. A), D), 
G)-RNA only; B), E), H)-RNA plus DNA from 
non-inlected HEp2 cells; C), F), J)-RNA plus 
DNA from chronically virus-infected HEp2 
cells. 
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centr i fuge)  in a l inear  sucrose dens i t y  g r ad i en t  2 0 - 6 0 %  
w/w p repa red  in T N E .  T he  g r a d i e n t  was I r a c t i o n a t e d  in a 
L K B  Uvico rd  a p p a r a t u s ,  a l iquo ts  of each  f r ac t ion  were 
t a k e n  a n d  ac id- inso luble  r a d i o a c t i v i t y  was m e a s u r e d  in a 
P a c k a r d - T r i c a r b  l iqu id  sc in t i l l a t ion  counter .  F igure  1A 
shows t h a t  t he  v i rus  b a n d s  a t  t h e  dens i ty  of 1.19 g/ml.  

The  g r a d i e n t  f rac t ions  w i t h  t he  dens i ty  of 1.18 to 
1.20 g /ml  were collected,  d i lu ted  in T N E  to t he  dens i t y  
of 1.10 g/m1, and  t he  v i rus  was s e d i m e n t e d  a t  150,000 g 
for 1 h R N A  was e x t r a c t e d  b y  p h e n o l  s a t u r a t e d  b y  T N E ,  
p r e c i p i t a t e d  b y  e t h a n o l  w i t h  20 tzg/ml of car r ier  yeas t  1RNA 
a n d  s to red  a t  - -20~ For  charac ter iza t io l~  of t he  v i raI  
R N A ,  t h e  l a t t e r  was  r e suspended  in T N E  a n d  cen t r i fuged  
in a l inear  sucrose dens i t y  g r a d i e n t  5 - 2 0 %  p r e p a r e d  in 
T N E  (20,000 r p m  for 18 h in a S W  27.1 ro to r  of t i le same  
centr i fuge) .  F igure  1B shows t h a t  R N A  of T B E V  sedi- 
m e n t s  a t  45 S. 

D N A  f rom H E p 2  cells non - in fec t ed  and  chron ica l ly  
in fec ted  w i t h  T B E V  (Hep2-Sof  sys tem)  was isola ted as 
follows. The  ceils were su spended  in T N E ,  d i s r u p t e d  in a 
D o u n c e  homogenizer ,  t h e  nucle i  were s e d i m e n t e d  a t  
1000 g for 5 ra in  a n d  t h e r e a f t e r  w a s h e d  twice  b y  cent r i -  
fuga t ion  (5000 g, 10 min)  t h r o u g h  0.25 M sucrose p r e p a r e d  
in  T N E .  D N A  was e x t r a c t e d  b y  p h e n o l  a n d  0.5% sod ium 
dodecy l  su l fa te  a n d  p r e c i p i t a t e d  b y  e thanol .  T h e r e a f t e r  
D N A  was r e suspended  in T N E ,  passed  severa l  t i m e s  
t h r o u g h  a t u b e r c u l i n  syr inge  a n d  R N A  a d m i x t u r e  was 
h y d r o l y z e d  b y  0.5 b l  N a O H  a t  37~ for 16 h. Af te r  
neu t r a l i za t ion ,  D N A  was p r e c i p i t a t e d  b y  e t hano l  and  
s to red  a t  - -20 ~ 

R N A - D N A  h y b r i d i z a t i o n  was pe r fo rmed  in f o r m a m i d e  
w i t h  s u b s e q u e n t  c e n t r i f u g a t i o n  of t h e  p r o d u c t s  in caes ium 
sul fa te  g r ad i en t s  s. D N A  was  t a k e n  in excess (0.3-1 mg) 
a n d  was d e n a t u r a t e d  b y  h e a t i n g  a t  90 ~ for 2 ra in  followed 
b y  cooling in ice-water .  3H labeled  v i ra l  R N A  was mixed  
w i t h  D N A  in 50% I o r m a m i d e  w i t h  0.4 M NaC1 in t he  
v o l u m e  of 0 .2-0.4 ml,  t he  m i x t u r e  was i n c u b a t e d  a t  37 ~ 
for  16 h a n d  t h e r e a f t e r  cen t r i fuged  in caes ium su l fa te  
dens i t y  g r ad i en t s  (1.36-1.72 g/ml) in a Ti50 ro to r  of a 
Spinco 3 cen t r i fuge  a t  35,000 r p m  for 60 h .The g r ad i en t s  
were f r a c t i o n a t e d  a n d  ac id- insoluble  r a d i o a c t i v i t y  was 
c o u n t e d  as above .  

Th ree  r epea t ed  e x p e r i m e n t s  gave  s imi la r  results ,  one 
of wh ich  is s h o w n  in F igure  2. I t  is seen t h a t  T B E V  R N A  
b a n d s  a t  t h e  d e n s i t y  of 1.65 g/m1 in  caes ium su l fa te  
g r ad i en t s  (Figure  2A, D G). H y b r i d i z a t i o n  of t h e  v i rus  

R N A  w i t h  D N A  f rom non- in fec ted  H E p 2  cells does no t  
change  essent ia l ly  t he  d i s t r i b u t i o n  of t he  r ad ioac t ive  
label  in t h e  g r a d i e n t  (Figure 2B,  E, H). H y b r i d i z a t i o n  of 
t h e  v i rus  R N A  w i t h  D N A  f rom chronica l ly  v i rus-  
infec ted  H E p 2 - S o f  ceils essent ia l ly  changes  d i s t r i b u t i o n  
of t he  r ad ioac t ive  labe l :  a p a r t  of i t  b a n d s  a t  t he  dens i ty  
of 1.45 g /ml  t h a t  is cha rac t e r i s t i c  for  DNA, label led  (in 
our  case) w i t h  f r a g m e n t s  of RNA,  and  a n o t h e r  p a r t  of the  
label  occupies  a zone w i t h  t he  densi t ies  of 1.60 to  1.52 g /ml  
t h a t  is cha rac t e r i s t i c  for R N A :  D N A  hyb r id s  (Figure  2C, 
F, J), 

The  d a t a  p re sen ted  al low to conclude  t h a t  the  genome 
o f  H E p 2 - S o f  cells chron ica l ly  in fec ted  w i t h  T B E V  
con ta ins  D N A  sequences  homologous  to  t he  v i rus  RNA,  
whi le  such  sequences  are a b s e n t  in  t he  genome of non-  
infec ted  H E p 2  cells. I n c o r p o r a t i o n  of D N A - t r a n s e r i p t s  
of t he  v i rus  R N A  in to  t he  cel lutar  genome  m a y  be  a n  
add i t i ona l  m e c h a n i s m  for t he  chronic  pers i s tence  of the  
v i rus  in  t he  cells. I n  our  case t r a n s c r i p t i o n  of t he  v i rus  
R N A  in to  d o u b l e - s t r a n d e d  D N A  m i g h t  be  due  to  t h e  
presence  of a l a t e n t  O n c o r n a v i r u s  in  t t E p 2  ceils, as has  
been  a l r eady  m e n t i o n e d .  W h e t h e r  i t  is a pecul ia r  pheno-  
m e n o n  i n h e r e n t  in t he  s y s t e m  s tudied ,  or a more  genera l  
m e c h a n i s m  of some chronic  v i r a l  infect ious,  t h i s  is t he  
sub jec t  of our  f u r t h e r  s tudy .  

BblBOjJ, bI. klcc,~eROBaHa CHCTeMa ~JmTOK (HEp2-Co(p), 
B ~<OTOpblx 6onee 13 aeT noRRep)KHsaeTc~ xpoHHuec~an 
nepcHCTeHt~I~ BHpyca KJIetUeBOF0 3HIleqbaJIHTa. B OIIblTaX 
MOaeKynnpHO~ rnSpn/m3auH~ PHI (  Bnpyca KnemeBoro 3H- 
ae~anHTa c )2HK n3 n~;ep ~<neToK HEp2-Coqb ycTauon~eHo 
Ha:tnqHe B reHoMe 3THX KJIeTOK llOCJIeRoBaTe~bHOCTefi ,1]~[-t[-(, 
rOM0aOrUqHbIX BHpycHofi PHI( .  STH nocneao~aTenbHOCTU 
0TCyTCTBymT B ne3apa~KeHHbiX ~:mTKa• HEp2.  
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T h e  V e l o c i t y - D e p e n d e n c e  of M y o s i n  C r o s s - B r i d g e  
O s c i l l a t o r y  C o n t r a c t i o n s  of Insec t  F ibr i l lar  M u s c l e  

M o v e m e n t  of m y o s i n  cross-bridges,  pu l l ing  u p o n  
a t t a c h m e n t  to  t h e  ac t in  t he  t h i n  f i l amen t s  t o w a r d s  t i le  
cen t re  of t h e  sarcomere ,  has  been  genera l ly  imp l i ca t ed  in 
t he  m e c h a n i s m  of ac t ive  t en s i on  g e n e r a t i o n 1 - 3  E v i d e n c e  
for  such  an  axia l  m o v e m e n t  of t he  cross-br idges  was 
der ived  f rom i n t e n s i t y  changes  in t he  145 ~ mer iodona l  
ref lec t ion  in a c t i v a t e d  v e r t e b r a t e  ske le ta l  ~ a n d  insec t  
f l igh t  muscle  5, 6. W h e n  t he  145 ~ re f lec t ion  was m o n i t o r e d  
d u r i n g  s inuso ida l  l e n g t h  changes  a t  a power -p roduc ing  
f r equency  of 4 Hz  i t  was found  t h a t  t h e  i n t e n s i t y  va r i ed  
inverse ly  in phase  w i t h  t he  ac t ive  t e n s i o n L  Thus ,  u n d e r  
t h e  cond i t ions  i n v e s t i g a t e d  t h e  e x t e n t  of t he  ax ia l  
m o v e m e n t  of t h e  cross-br idges  was d i r ec t ly  p r o p o r t i o n a l  
to  t he  a m o u n t  of t ens ion  developed.  

To s t u d y  the  k ine t ics  of c ross-br idge  m o v e m e n t  in  
r e l a t ion  to  t en s ion  d e v e l o p m e n t  insec t  f ibr i l la r  muscle  has  

M o v e m e n t  and T e n s i o n  D e v e l o p m e n t  in 

been  al lowed to pe r fo rm s inusoida l  ex tens ion-and- re l ease  
cycles a t  d i f fe ren t  f requencies  and  ampl i tudes .  B y  
record ing  t h e  i n t e n s i t y  changes  in t h e  145 ~_ ref lec t ion 
some i n f o r m a t i o n  has  been  o b t a i n e d  as to  t h e  n u m b e r  of 
cross-br idges  chang ing  t h e i r  angle  w i t h  t he  myos in  
f i l a m e n t  axis  4-6 a t  a n y  p a r t i c u l a r  m o m e n t  in  response  to 

1 H. E. HUXLEY, Science 16d, 1356 (1969). 
2 R. J. PODOLSKY and A. C. NOLAN, in Contractility o] Muscle Cells 

and Related Processes (Ed. R. J. PODOLSKY; Prentice Hall, Engle- 
wood Cliffs, N.J. 1971), p. 247. 

3 A. F. HUXLEY and R. M. SIMMONS, Nature, Lond. 233, 533 (1971). 
4 H. E. HUXLEY and W. BROWN, J. molec. Biol. 30, 383 (1967). 

R. T. TREGEAR and A. MILLER, Nature, Lond. 222, 1184 (1969). 
a A. KILLER and R. T. TREGEAR, in Contractility o/Muscle Cells and 

Related Processes (Ed. R. J. PODOLSKY; Prentice Hall, Englewood 
Cliffs, N.J. 1971), p. 205. 


