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The  sets  were r u n  twice. The  m e t h o d  used is r epo r t ed  in 
de ta i l  in FARROW and  VAN DYKE 3. The  d a t a  were t e s t ed  
s t a t i s t i ca l ly  w i t h  t h e  F i sher  E x a c t  P r o b a b i l i t y  Test ,  
HUNTSBERGER and  LEAVERTON 4. 

Gibberellic acid. I n  p l a n t  sys t ems  gibbere t l ins  reverse  
genet ic  dwar f i sm in corn  a n d  pea. VARNER et  al. 5 sugges t  
t h a t  t he  c o m p o u n d s  affect  de novo  p r o t e i n  synthes is .  

The  p o t a s s i u m  sa l t  of gibberel l ic  acid (GA3) was 
w i t h o u t  effect  on  t h y m i d i n e  incorpora t ion .  However ,  t h i s  
sa l t  i n h i b i t e d  t h e  i nco rpo ra t i on  of ur id ine  down to 30 and  
50% of t he  c o n t r o l w i t h  no  gibberel l ic  acid, in our  leuko-  
cyte  sys tem.  

Auxins. T h e  aux ins  ins t iga te  p l a n t  g r o w t h  b y  celI 
e longat ion .  E v i d e n c e  t h a t  R N A  is d i r ec t ly  invo lved  is 
p re sen ted  b y  K~Y et  al. 6 a n d  NOODEN and  THIMANN 7. 

�9 EVANS and  t~AY s, a nd  EVANS 9 p re sen t  ev idence  t h a t  
po in t s  to an  effect  of a u x i n  on  g r o w t h  v i a  a s y s t e m  o t h e r  
t h a n  or in add i t i on  to t h e  effect  on t he  nucleic  acids. 

Indo le -ace t ic  acid, i ndo le -bu ty r i c  acid and  e - n a p t h a -  
lene-acet ic  acid did  n o t  affect  t h y m i d i n e  i nco rpo ra t i on  
a t  all  doses. All  concen t r a t i ons  of t he  aux ins  s t i m u l a t e d  
u r id ine  i nco rpo ra t i on  b e t w e e n  40 and  60% ove r  t he  
con t ro l  in  t he  l eukocy te  sys tem.  

Cytokinins. The  cy tok in ins  are pu r ine  de r iva t i ve s  t h a t  
are  r equ i red  for cell d ivis ion in m a n y  p l a n t  sys t ems  10-1~. 
Cy tok in ins  occur  in R N A  of m a n y  species ~. ZACHA~ e t  
al. ~6 showed  t h a t  in  t h e  case of b rewers  y e a s t  IRNA the  
cy tok in in  was loca ted  a d j a c e n t  to  t h e  3 ~ end  of t he  an t i -  
codon.  

D i h y d r o z e a t i n  is w i t h o u t  effect  on  t h y m i d i n e  incorpora -  
t i o n ;  however ,  i t  decreases  u r id ine  i nco rpo ra t i on  to 
a b o u t  60% of t he  con t ro l  a t  all  c o n c e n t r a t i o n s  in t h e  
l eukocy te  sys tem.  A t  t he  h ighes t  c o n c e n t r a t i o n  (10 -~ M) 
zea t in  i n h i b i t e d  t h y m i d i n e  i nco rpo ra t i on  down  to a b o u t  
20% of t h e  control ,  whereas  t h e  lower c o n c e n t r a t i o n s  
were  s l igh t ly  s t imu la t o r y .  All c o n c e n t r a t i o n s  of zea t in  
emp loyed  s t i m u l a t e d  u r id ine  incorpora t ion .  

The  s y n t h e t i c  c y t o k i n i n  N 6 - b e n z y l a d e n i n e  was w i t h o u t  
effect  on  t h y m i d i n e  co rpo ra t i on ;  however ,  a t  10 -~ M 
a n d  10 -5 M i t  i n h i b i t e d  u r id ine  i nco rpo ra t i on  down to  
a b o u t  10% of control .  A t  10 -~ M a 75% s t i m u l a t i o n  over  
t he  con t ro l  va lue  was observed .  

The  s y n t h e t i c  cy tok in in ,  k ine t in ,  i n h i b i t e d  t h y m i d i n e  
i n c o r p o r a t i o n  a t  10 -~ M ;  whereas  a lower  c o n c e n t r a t i o n  
(10 -6 M) s t i m u l a t e d  t h y m i d i n e  incorpora t ion .  K i n e t i n  
was e i t he r  w i t h o u t  effect  or s t i m u l a t o r y  (10 -6 M) t o  
u r id ine  incorpora t ion .  K i n e t i n  r ibos ide  was w i t h o u t  effect  
on  t h y m i d i n e  i nco rpo ra t i on ;  h o w e v e r  a t  10 -4 M i t  in-  
h i b i t e d  u r id ine  i nco rpo ra t i on  to 50% of t he  control .  
Lower  c o n c e n t r a t i o n s  (10 -~, 10 -6 a n d  10 -7 M) s t i m u l a t e d  
u r id ine  incorpora t ion .  

Phenolics. The  p h e n o l i c s  are a d iverse  g roup  of p l a n t  
s econda ry  p r o d u c t s  lL I t  ha s  been  sugges ted  t h a t  in  
c e r t a i n  cases these  c o m p o u n d s  m a y  ac t  as inh ib i to r s .  
I n t e r e s t i n g l y  enough  n a r i n g e n i n  a n d  ferul ic  acid i n h i b i t e d  
i n c o r p o r a t i o n  of p recursors  on t he  order  of 50% of t h e  

, c o n t r o l i n  ce r t a in  expe r imen t s .  6 -Me thoxybenzoxazo l i none  
is a b r e a k d o w n  p r o d u c t  of 2, 4 - d i h y d r o x y - 7 - m e t h o x y - 2  H-  
1, 4-benzoxazine-3- (4) -one  w h i c h  occurs  in  e~iolated Zea 
mays seedlings is. I n h i b i t i o n  of t h y m i d i n e  i n c o r p o r a t i o n  
was decreased  to  a b o u t  34% of con t ro l  whi le  u r id ine  
i nco rpo ra t i on  was decreased  to a b o u t  60% of t h e  con t ro l  
a t  t he  10 -* M.  All o t h e r  doses also p roduced  a n  i n h i b i t i o n  
of i nco rpo ra t i on  of t he  nuc leos ide  p recurso r  in  t h e  leuko-  
cy te  sys tem.  

The  c o m p o u n d s  s tud ied  m a y  af fec t  nucle ic  acid 
m e t a b o l i s m  in p lan ts .  No specific m e c h a n i s m s  h a v e  been  
es tabl i shed.  P r o b a b l y ,  in order  to  i n h i b i t  or s t i m u l a t e  t h e  
i nco rpo ra t ion  of t h y m i d i n e - m e t h y l - 3 H  or ur id ine-5 ' -~ t t  
i n to  D N A  or R N A  of t he  leukocyte ,  t h e  c o m p o u n d  m u s t  
h a v e  ac ted  a t  some p o i n t  in p a t h w a y  leading  to  syn thes i s  
of t h e  nucleic  acids. The  poss ib i l i ty  of nonspeci f ic  inh ib i -  
t i on  of t he  u p t a k e  of nucleos ides  as r e p o r t e d  in  HILL a n d  
WIIqGo 19 seems unl ikely ,  because  b o t h  s t i m u l a t i o n  a n d  
i n h i b i t i o n  were obse rved  2~ 2i. 
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Structural Changes of/Deoxyribonucleoprotein/Fibres Followingi 7-Irradiation under/Aerobic and 
Hypoxi~ Conditions 
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Department o] Experimental Radiobiology, Faculty o/ Veterinary Medicine, Hokkaido University, Sapporo (Japan), 
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Summary. The  D N P  f ibres  y - i r rad ia ted  u n d e r  aerobic  cond i t ion  showed  a r educ t i on  of t h e i r  d iamete r ,  whi le  no  re-  
m a r k a b l e  changes  were obse rved  in t he  D N P  f ibres  i r r ad i a t ed  u n d e r  hypox i c  cond i t ion  b y  s c a n n i n g  e lec t ron  micro-  

scopy.  

I n  general ,  t h e  r ad iosens i t i v i t y  of macromolecu les  a n d  s tudies  on  th i s  p h e n o m e n o n .  A s f a r  as t h e  a u t h o r s  are  
biological  sys tems  i r r ad ia t ed  in t h e  presence  of oxygen  is aware ,  however ,  no l i t e r a tu re  of e lec t ron  microscopic  
h igher  t h a n  w h e n  t h e y  are i r r ad ia t ed  in t h e  a b s e n c e  of i nves t iga t ions  p e r t a i n i n g  to  th i s  sub j ec t  is accessible.  
oxygen,  as rev iewed  b y  DERTINGER a n d  JuNG ~. T h e r e  are The  p r e s e n t  s t u d y  ha s  been  u n d e r t a k e n  w i t h  t he  hope  
a cons iderab le  n u m b e r  of phys icochemica t  a n d  biological  of e luc ida t ing  t h e  s t r u c t u r a l  changes  of deoxyr ibonuc leo -  
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pro te in  (DNP) following i r rad ia t ion  under  aerobic and  
hypox ic  condi t ions  by  scanning  electron microscopy,  
ma in ta in ing  wa te r - con ta ined  s t a te  of the  D N P  wi th  the  
aid of t he  new equ ipmen t s  des igned by  NEI e t  al. a. 

The D N P  was ex t r ac t ed  f rom calf t h y m u s  in 0.7 m M  
phospha t e  buffer  solut ion (pH 6.8) b y  the  m e t h o d  of 
ZOBA'Z and  DOTu 4. The D N P  solut ion a t  a concen t ra t ion  
of abou t  0.1 mg per  ml  was kep t  a t  0 ~ and  v- i r rad ia ted  
fro m a cobal t -  60 sou rce (5,000 Ci) unde r  aerobic or hypox ic  
condit ions.  The dosage and  p rocedure  of i r radia t ion  are 
descr ibed separa te ly  in respect ive  expe r imen ta l  sections.  
Abou t  15 min  af ter  i r radiat ion,  app rox ima te ly  0.01 ml  of 
the  D N P  solution,  d i lu ted  wi th  0.7 m M  p h o s p h a t e  buffer  
solut ion a t  a f inal  concen t ra t ion  of 0.1 mg  per  ml, was 
rap id ly  f rozen b y  quick  immers ion  in to  F reon  22 pre-  
cooled wi th  l iquid ni t rogen.  The frozen sample  was 

immed ia t e ly  t r ans fe r red  onto  a special ly designed cold 
s tage wi th in  a p re -evacua t ion  c h a m b e r  of a JSM 50A 
scanning  electron microscope.  The specimen was sub l imat -  
ed to  an appropr ia te  d e p t h  a t  a t e m p e r a t u r e  of --100 ~ 
a t  10 .5 Torr,  and  Subsequent ly  coa ted  wi th  a t h i n  layer  
of gold. The spec imen k e p t  a t  abou t  - -  150 ~ was examined  
unde r  the  scanning electron microscope a t  an accelerat ing 
vol tage  of 20 kV, and  p h o t o g r a p h e d  a t  a magni f i ca t ion  of 
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Figs. 1-6. Scanning electron 
micrographs of deoxyribonucleo- 
protein (DNP) fibres, maintaining 
their water-contained state with 
the aid of the new equipment3, 6. 
The magnification of all figures is 
;;iven by the scale shown in Figure 
1. Figures i and 2. Non-irradiated 
DNP fibres under aerobic and 
hypoxie conditions, respectively. 
Figures 3 and 4. DNP fibres 
irradiated with' 10 krad and 1 
Mrad of y-rays under aerobic 
condition, respectively. Figures 
5 and 6. DNP fibres irradiated 
with 1 Mrad of y-rays under 
hypoxic condition. For details see 
text. 
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10,000 •  The  D N P  so lu t ion  c o n t a i n e d  f ibrous  e lements ,  
p re fe r r ing  to use a t e r m  of D N P  f ibres  5, 6. 

I n  order  to  p r epa r e  hypox i c  D N P  solut ion,  a b o u t  3 
ml  of the  D N P  solu t ion  in a P y r e x  glass t u b e  (17 cm a) 
were k e p t  a t  0 ~ and  b u b b l e d  w i t h  n i t rogen  gas (99.95%) 
t h r o u g h  a f ine needle  a t  a f low ra te  of 100 mI  pe r  m i n  for 
15 min.  The  hypox ic  D N P  so lu t ion  t h u s  p r e p a r e d  revealed  
essent ia l ly  t he  same conf igura t ion  of t he  D N P  f ibres  as 
t h a t  of t he  D N P  fibres observed  in t he  aerobic  cond i t ion  
(Figures 1 and  2). The  D N P  fibres,  a b o u t  2,100 ~ in 
d iameter ,  were fo rmed  b y  a coil ing of subf ibres  w i t h  
a b o u t  850 A d i a m e t e r  (Figures 1 a n d  2, arrows),  as pre-  
v ious ly  r epo r t ed  b y  NAKANISHI e t  al. 6. 

The  D N P  so lu t ion  u n d e r  aerobic  condi t ion  was ir- 
r a d i a t e d  w i t h  10 k r a d  a n d  1 M r a d  a t  dose r a t e s  of 800 r a d  
and  15 k r a d  per  min,  respect ively .  R e m a r k a b l e  a l ter -  
a t ions  of t he  D N P  f ibres  in b o t h  t he  i r r ad ia t ed  samples  
were a r educ t i on  of t h e i r  d i amete r ,  a b o u t  800 ~ in d i am-  
e ter  (Figures 3 a n d  4). I n  some places,  2 t h i n  f ibres were 
closely con tac ted ,  a n d  r u n  paral lel ,  r ep re sen t ing  a t ape -  
like wide s t r u c t u r e  (Figtire 4, t h i c k  arrows).  The  ev idence  
suggests  t h a t  t h e  D N P  f ibres  are e x t e n d e d  b y  i r r ad i a t i on  
u n d e r  aerobic  condi t ion ,  r e su l t ing  in t he  f o r m a t i o n  of t he  
t h i n  fibres. F u r t h e r m o r e ,  i t  was  obse rved  t h a t  t h e  ag- 
g rega tes  and  r i ng - shaped  loops were  c o n s t r u c t e d  b y  t he  
t h i n  fibres, t he  fo rmer  be ing  ind ica ted  b y  b l a c k  ar rows 
a n d  t he  l a t t e r  b y  whi t e  ar rows in F igures  3 and  4, respec- 
t ively .  

On t h e  o t h e r  h a n d ,  w h e n  t he  hypox i c  D N P  so lu t ion  
was i r r a d i a t e d  a t  a dose r a t e  of 15 k r a d  pe r  ra in  g iv ing  a 
h igh  dose of 1 Mrad,  no  a p p a r e n t  change  of t h e  D N P  
fibres was  d e m o n s t r a t e d  in t h e i r  s t ruc tu re ,  excep t  t h a t  
the  surface  of t he  D N P  f ibres  e x h i b i t e d  rough  a p p e a r a n c e  
(Figure  5) a n d  t h a t  t h e  r i ng - shaped  loops were found  s be  
fo rmed  (Figure 6, arrows).  The  image  seems to  be  more  
s imi la r  to  t h a t  of t he  D N P  f ibres  obse rved  in t he  non-  
i r r ad ia t ed  aerobic  a n d  hypox ic  D N P  solu t ions  t h a n  to  
t h a t  of t h e  D N P  f ibres  i r r ad i a t ed  w i t h  10 k r a d  and  1 Mrad  
u n d e r  aerobic  condi t ion .  

A l t h o u g h  a f ina l  conclus ion m u s t  be  lef t  to  fu tu re  
studies,  i t  seems p r o b a b l e  t h a t  t h e  d i f fe ren t  appea rahces  
of t h e  D N P  f ibres  are a f fec ted  b y  t he  presence  or absence  
of oxygen  d u r i n g  i r rad ia t ion .  F u r t h e r  de ta i l ed  a n d  q u a n t i -  
t a t i v e  s tud ies  on t he  f ine s t r u c t u r e  of t he  D N P  fibres 
u n d e r  va r ious  cond i t ions  are now in progress  7. 
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Organization of Myosin Molecules in the Muscle Thick Filament 
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Summary. T r y p t i c  t r e a t m e n t  of muscle  t h i c k  f i l amen t s  reveals  t he  u n d e r l y i n g  b a c k b o n e  of aggrega ted  L-meromyos in  
as a coil of 3 seconda ry  f i l amen t s  (helical r e p e a t  ~ 1 3 0  nm)  each  in t u r n  a coil of 3 f iner  ones. 

The  cyclical  i n t e r a c t i on  of t h e  myos in  heads  of t h i c k  
f i l amen t s  w i t h  t h e  g-ac t ins  of t h e  t h i n  f i l amen t s  is a t  t he  
basis  of muscu l a r  c o n t r a c t i o n  1. This  i n t e r ac t i on  appea r s  
to  invo lve  sub t le  s ter ic  o r i en t a t i ons  of t he  heads  a n d  as 
such,  the  precise o rgan iza t ion  of m y o s i n  in t he  t h i c k  
f i l amen t s  is a n  i m p o r t a n t  aspec t  of t he  Contrac t i le  me-  
c h a n i s m  1, 2. 

The  ref lect ions f rom low angle  X - r a y  d i f f rac t ion  of 
pre-r igor  v e r t e b r a t e  muscle  are i n t e r p r e t e d  as showing  
t h a t  t he  t h i c k  f i l amen t s  h a v e  t h e i r  m y o s i n - h e a d  projec-  
t ions  arranged at successive levels of about 14.5 nm along 
the filament backbone 3. The heads are in a helical array 
described severally as two-stranded 6/1 of pitch 86.4 nm a; 
four-stranded 6/1 of pitch 86.4 nm4; three-stranded 9/1 
of pitch 129.6 nm 5. The values 6 or 9 refer to the number 
of projections in each helical turn of each strand. 

Further advance in resolving the molecular organization 
is likely to come from electron-microscopic identification 
of key details not shown by X-rays. We report pertinent 
new structural features revealed by controlled tryptic 
digestion of thick filaments to remove the FI-meromyosin 
moiety, and to expose the underlying aggregated back- 
bone of L-meromyosin. 

Hen pectoral muscle was used to prepare natural thick 
filaments" and the myosin for forming synthetic fila- 
ments ~. Digestion was carried out in two ways. Trypsin, 
i0 mg/ml in 0.i M tris-l-ICl, pH 7.6 s was added in equal 
vo lume  to  d i lu te  suspens ions  of t h e  f i laments .  Af te r  

digest ion,  d rople t s  of the  suspens ions  were appl ied  to 
c a r b o n - c o a t e d  grids. A l t e r n a t i v e l y  t he  t r y p s i n  (5 mg/ml)  
in  t he  same  buf fe r  was  added  as d rop le t s  to  gr ids  on  
wh ich  t he  f i l amen t s  h a d  a l r eady  been  lodged. I n  b o t h  
cases d iges t ion  a t  20~ was c o n t i n u e d  for  40 rain.  H e a d  
r e m o v a l  was  incomple t e  a t  lower t r y p s i n  c o n c e n t r a t i o n s  or 
sho r t e r  d iges t ion  t imes .  Und iges t ed  a n d  diges ted fila- 
m e n t s  on t h e  grids Were t h e n  f ixed  for 5 ra in  in  1% glu t -  
a ra ldehyde ,  2 m M  imidazole-HC1, p H  7.0. Nega t i ve  
s t a in ing  was car r ied  ou t  w i t h  1% u r a n y l  ace t a t e  9. 

A l t h o u g h  b o t h  m e t h o d s  r evea led  t h e  s ame  s t ruc tu res ,  
t he  F igure  i l lus t ra tes  those  o b t a i n e d  b y  d iges t ion  in  t he  
suspensions.  The  u n t r e a t e d  n a t u r a l  (a) a n d  s y n t h e t i c  (b) 
f i laments ,  as expected ,  were covered  in p ro jec t ions  excep t  
for  r e l a t ive ly  s m o o t h  cen t r a l  regions.  The  rough ly  ob long  
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