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culture flasks were incubated  at  a f ixed t empera tu re  of 
25 ~ ~- I~  for 25 days. The  controls, which were devoid  of 
8-azaguanine, were s imul taneously  main ta ined  in respect  
of each isolate. 

Results and discussion. The results of a representa t ive  
exper iment  are presented in the  Table, and the  morpho-  
genetic var ia t ions  of interest  are depicted in Figures 1 and 2. 

After  15 days of growth on the  med ium reinforced wi th  
8-azaguanine, the  colour of the  strains was comple te ly  
al tered f r o m  the  normal  Ra ine t t e  green (Ridgway Pl. 
X X X I X )  to Sayal  brown (Ridgway P1. X X I X )  on the  
upper  side, and Pale  Chalcedony yel low (Ridgway Pl. 
XVlI) on the  lower side a. 

The  o ther  induced morphologica l  var ia t ions  are 
enumera ted  below: Prol i fera t ion of the  s te r igmata  into 
secondary stalks (only in heads bear ing biseriate sterig- 
mata ) ;  stalks septate,  6 to 14 in number ,  t e rmina t ing  into 
min ia ture  ferti le heads wi th  uniseriate  s ter igmata ,  
bear ing chains of globose or  sub-globose conidia in basi- 
petal  succession. Stalks va ry ing  in length  f rom 65 to 
150 btm, and b read th  5 to 9 b~m. Secondary  min ia tu re  
vesicles 5 to 8 b~m long and 6 to 8 b~m broad ; Conidia 5 to 
7.5 b~m in diameter .  

These morphogenet ic  var ia t ions  have  been repea ted ly  
observed in diverse strains of A. oryzae, as we repeated our 
exper inlents  to confirm the  observations.  The f requency 
of the  abnormal  heads obta ined ill diverse strains of A. 
oryzae is depicted in the  Table.  Tile controls,  which were 
devoid of 8-azaguanine, remained unaffected and no 

var ia t ions  were de tec ted  in them. The diverse strains 
produced 52% to 73% abnormal  heads under  the  impac t  
of 8-azaguanine. Similar  aber ran t  deve lopment  of the  
phial ids  was also induced in the  present  strains of A. 
oryzae by  6-azauracil  (80 rag/l) and 2-amino-pyr imidine  
(110 rag/l). The  earlier reports  of prol i fera t ion in A spergilli 
are those of THIELKE 4, 3/~ILLI~R and ANDERSON 5 and 
TURIAN 6. 

Dur ing  repeated  transfers f rom 8-azaguanine-reinforced 
med ium to 8-azaguanine-reinforced medium,  the  strains 
persisted in producing a high percentage of abnormal  
heads, bu t  on t ransfer  to the  med ium devoid of 8-aza- 
guanine, the  strains rever ted  to n o r m a l  wi th in  72 h, and 
the  abnormal  t rai ts  qu ick ly  disappeared.  This  clearly 
proves  tha t  the  morphogenet ic  var ia t ions  encountered in 
A. oryzae strains were in response to the  p rog rammed  
env i ronmenta l  signal of 8-azaguanine. 

In  v iew of the  foregoing observat ions  the  authors  are 
t emp ted  to hazard the  explana t ion  tha t  the  synthesis  of 
abnormal  m-RNA's ,  following the  incorporat ion of 8- 
azaguanine,  invar iab ly  leads to the  product ion  of al tered 
bu t  stable ca ta ly t ic  proteins  wi th  novel  potential i t ies ,  
which m a y  be responsible for inducing the  recognizable 
morphogenet ic  var ia t ions  in A. oryzae ~. 

Rdsumd. Prolif6rations de l ' apparei l  sporifgre d'A spergil- 
lus oryzae t rai t6 ~ l 'azaguanine.  

R. K. KAKKAR ~ and B. R. MEI~RO:rRA 

Frequency of proliferating biseriate abnormal heads produced after 
15 days of growth of A. oryzae cultures on complete modified Czapek's 
medium to which 85 mg/l of 8oazaguanine had been added, as com- 
pared to controls to which no 8-azaguanine had been added 

Aspergillus oryzae cultures 

No. Without 8-azagnanine With 8-azaguanine 
(%) (%) 

136 0.0 63.0 
151 0.0 66.0 
159 0.0 52.0 
168 0.0 73.0 
190 0.0 69.0 
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D N A  R e p a i r  S y n t h e s i s  a f ter  X - I r r a d i a t i o n  in  E. coli  

Ionizing radia t ion  disrupts  DNA,  and the  kil l ing effects 
of such radia t ion  on ceils are to a large extent ,  the  result  
of damage  to DNA1. Al though  the  precise na ture  of this 
damage  is unknown,  X-rays  a r e  known to produce dis- 
cont inui t ies  in the  sugar-phosphate  backbone  of the  
molecule ~. The  damage  is p robably  no t  l imi ted  to the  
produc t ion  of hydrolyzed  phosphadies ter  bonds bu t  l ikely 
involves  the  ribose moie ty  a and the  bases as well  4. Ev id -  
ence for enzymat ic  repair  of radia t ion- induced damage  to 
D N A  has been found in m a n y  systems and has resulted 
largely f rom the  s tudy  of bacter ia l  mu tan t s  hav ing  
al tered radia t ion  sensi t iv i ty  1, and f rom measurement  
of changes in the  molecular  weight  of D N A  fol lowing 
i r radia t ion of l iv ing ceils. 

In  E. coli, the  t ime  course of s t rand rejoining, presum- 
ab ly  the  final  step in, the  repair  process, is s imilar  in UV- 

and x - r a y  induced damage,  being essent ial ly comple te  in 
1 h 2, 5. The  ear ly  steps in the  la t te r  case are comple te ly  
unknown.  A serious dif f icul ty  in the  search for ear ly  
enzymat ic  steps in X- ray  repair  is the  lack of a w e l l  
defined lesion in the  D N A  molecule, such as pyr imidine  
dimers  fol lowing UV, of which tile reversal  or remova l  
could be followed. 
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Repa i r  synthesis ,  the  r ep lacemen t  of a l tered or excised 
nucleot ides  f rom a damaged  region of DNA, by  radio- 
act ive nucleosides,  such as b romodeoxyur id ine ,  has  been  
shown mos t  convincingly  in the  UV model  by  a t echn ique  
employing  isopycnic centr i fugat ion,  by  which previously  
synthes ized  and newlyxep l i ca t ing  D N A  can be eff icient ly 
separa ted  6, L The up take  of rad ioac t ive  nucleosides,  such 
as b romodeoxyur id ine  into 'old '  D N A  induced  by  UV or 
o ther  agents  is evidence for a pa tch ing  process. Repa i r  
syn thes i s  has no t  been d e m o n s t r a t e d  by  this  m e t h o d  for 
X - r a y  at  low or modera te  dosage s, a l though PAI~TnR and 
C L E A V E R  9 w e r e  able to de tec t  non-semiconserva t ive  
synthes is  in H e L a  cells af ter  exceedingly large (100 kr) 
X - r a y  doses. The au thors  stressed,  however,  t h a t  no 
re la t ionship  was es tabl ished be tween  th is  synthes is  and  
closure of s t r and  breaks.  

Two recent  deve lopmen t s  have  offered the  possibi l i ty  
of shedding  new l ight  on repair  synthesis .  The f irs t  was 
the  isolation of m u t a n t s  of E. colt with  defect ive  or absen t  
Kornbe rg  polymerase ,  the  p r e sumpt ive  enzyme for repair  
synthes is  ~0, ~s. The second was the  technique  devised by 
RXGA~, S~TLOW and L~Y ~ for de tec t ing  repai red  regions 
into which nucleot ides have  been incorpora ted  by  sub- 

s t i tu t ing  b romodeoxyur id ine  (BUdR) for t h y m i d i n e  in 
the  med i u m in which  pre labeled cells are repairing,  and  
exploi t ing the  suscept ib i l i ty  of repaired BU d R-co n t a i n i n g  
D N A  to breakage  by  long-wave len th  UV l ight  (313 nm).  
We have  pe r fo rmed  expe r imen t s  wi th  the  first  of the  
Cairns m u t a n t s  (W3110, pol A1, here to be referred to as 
po1-1~ and i ts  pa ren ta l  s t ra in  (pol +) for abi l i ty  to join 
s t r and  breaks  af ter  X- ray  by  following sed imen ta t ion  of 
pre labeled D N A  in alkaline sucrose g r a d i e n t s  We  have  
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t g. 1. Alkaline sucrose sedimentation of T-irradiated E. coli. Bacteria were grown in N[-9 medium supplemented with thymine. Pol+ and 
pol-- were grown at 37 ~ for several generations in medium containing l~C-thymidine (44 mCi/mmole, 2 ~xCi/ml) and 3H-thymidine (18 
Ci/mmole, 5 p.Ci/ml), respectively. The cell suspensions were then combined. Cells received 20 kr of T-irradiation from a *~ source at 
0 ~ under air. Samples were removed at the indicated times, 0.01 M KCN added and chilled to 0 ~ Approximately 5 • 106 cells were layered 
onto a 5-20% alkaline sucrose gradient 2. Samples were centrifuged in a 'Spineo' 56 Ti rotor at 42,500 rpm for 1 h. Eight-drop fractions 
were collected on filter paper and counted in toluene + PPO + PO POP. �9 -- �9 Pol + ; �9 - - � 9  Pol-E. colt. 
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also sought  evidence for regions of repa i r  syn thes i s  in 
D N A  from pol 4- and f rom an X - r a y  res i s t an t  s train,  B/r, 
by  al lowing the  ceils to recover  f rom X - r a y  damage  in the  
presence  of B U d R  and measur ing  its suscept ib i l i ty  to  
photo lys is  by  313-nm ir radia t ion.  

T o w n  et  al. ~2 repor ted  an increase in suscept ib i l i ty  of 
the  pol m u t a n t  to  X-rays ,  as measured  by  co lony- forming  
abil i ty.  We have  conf i rmed this  observa t ion  (unpubl ished 
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Fig. 2. Breakage of UV-repaired, BUdR-containing DNA after 
313 mn irradiation. Pol+ cells were grown in 3/[-9 medium supple- 
mented with thymine, containing ~H-thymidine, a 6.7 ~xCi/ml to a 
concentration of 109 cells/ml, resuspended in non-radioactive medium 
without thymine and divided into 3 tubes of 109 ceils each, to 2 of 
which were added BUdR and to the third thymidine, all at 0.06 mM. 
Cells were incubated for 5 rain at 37 ~ then resuspended in water, 
and exposed to UV from a germicidal 1amp (350 erg ram-=). They 
were then dituted 5-fold into the appropriate medium and shaken in 
the dark at 37 ~ for t h. They were again resuspended in medium 
containing thymidine, 0.06 mM, then further incubated for 1 h. 
Each aliquot was resuspended in 0.5 M Tris~ pH 7.9 + 0.01 M KCN 
and converted to protoplasts by treatment with lysozyme. The pro- 
toplasts were then exposed to monochromatic light of wavelength 
313 nm (1.0 • 105 erg mm -2) and layered on alkaline sucrose gradients 
as in Figure 1. 

data)  and have  also fol lowed changes  in molecular  weigh t  
af ter  X - r a y  by  sed imen ta t ion  in alkaline sucrose gradients .  
Figure 1 shows the  resul ts  of an expe r imen t  in which  
pol + and  pol -- cells were grown in 14C- and 3H-thymid-  
ine, respect ively ,  t h e n  resuspended  in non- rad ioac t ive  
med i u m and combined  prior  to  ~- i r radiat ion (20 kr). After  
only  5 rain incubat ion  at  37 ~ the  pol + cells have  begun 
to  show reappearance  of D N A  wi th  high molecular  weight  
typ ica l  of un i r rad ia ted  E. coli. After  60 rain, there  is still  
no appreciable  r e tu rn  in the  po[-- cells. These gradients  
suggest  t h a t  the  m u t a n t  (which has  an amber  m u t a t i o n  
in w h a t  is ve ry  l ikely the  s t ruc tura l  gene coding for 
Kornbe rg  po lymerase  TM 14) is unable  to  close the  s t r and  
breaks  caused by  X - r a y  at  th is  dose, p r e s u m a b l y  because 
po lymer iza t ion  is a requi red  s tep in the  repair  of these  
lesions. 

On the  basis  of th is  observa t ion  suggest ing t h a t  repair  
syn thes i s  m a y  be required in t he  X - r a y  model,  we have  
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Fig. 3. Effect of 313 nm Iight on DNA from cells repaired from x-irra- 
diation in BUdR. Pol+ cells were grown and treated exactly as in 
Figure 2 except that resuspension in water was omitted, and instead 
of UV, cells were irradiated in medium under air at 0 ~ (15 kr) with a 
Siemens 250 kV orthovoltage radiation therapy unit (15 mA, 4 mm A1 
filter) at 1.0 kr per min. 
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a t t e m p t e d  to  d e m o n s t r a t e  r epa i r  r ep l i ca t ion  us ing  t he  
m e t h o d  of REaAN et  al. 11. F igure  2 shows t he  resu l t  of a 
p r e l i m i n a r y  e x p e r i m e n t  us ing  UV-l ight .  Pol + bac t e r i a  
were g rown in m e d i u m  c o n t a i n i n g  3 H - t h y m i d i n e  for 
severa l  genera t ions  to  labe l  t he  D N A  uni formly .  T he  cells 
were r e m o v e d  f rom rad ioac t ive  m e d i u m  a n d  r e suspended  
in  m e d i u m  c o n t a i n i n g  B U d R  or t h y m i d i n e ,  where  t h e y  
were i n c u b a t e d  for 5 m i n  a t  37 ~ t h e n  chilled, cent r i fuged,  
r e suspended  in water ,  and  i r r a d i a t e d  w i t h  U V  w i t h  b u l k  
of r a d i a t i o n  a t  254 nm.  T h e y  were t h e n  r e t u r n e d  in da rk -  
ness to  t h e  a p p r o p r i a t e  m ed i um ,  where  t h e y  were a l lowed 
to  r epa i r  for 1 h o u r  to  i n c o r p o r a t e  B U d R  in to  s t r e t ches  of 
p rev ious ly  labeled  DNA.  I sopycn ic  cen t r i f uga t i on  of th i s  
D N A  a t  t h i s  s tage conf i rmed  t h a t  t he  B U d R  molecules  
were ac tua l ly  i nco rpo ra t ed  in to  t he  celI d u r i n g  t he  r ecovery  
phase.  Ea r l i e r  e x p e r i m e n t s  h a d  also suggested  t h a t  a 
s emiconse rva t ive ly  syn thes i zed  B U d R - c o n t a i n i n g  daugh-  
t e r  s t r a n d  (in t he  u n i r r a d i a t e d  control)  h y d r o g e n  b o n d e d  
to  t h e  labeled  s t r a n d  r ende red  t he  p a r e n t  s t r a n d  more  
suscept ib le  to  b r eakage  b y  313-Ilm i r rad ia t ion .  Therefore ,  
alI cells were grown for a n  a d d i t i o n a l  gene ra t ion  (1.0 h in  
th i s  med ium)  before  photolys is .  T he  cells were c o n v e r t e d  
to  p ro top las t s ,  t h e n  exposed to  313-nm i r r ad i a t i on  
(1.0 • 10 ~ erg mm-~) .  The  sh i f t  in  single s t r a n d  molecula r  
we igh t  was  m o s t  p r o n o u n c e d  in t h e  D N A  f rom ceils 
repa i red  in t he  presence  of B U d R ,  a l t h o u g h  some b reakage  
also occurred  b o t h  in ceils r epa i r ing  in t h y m i d i n e  and  in  
u n i r r a d i a t e d  cells i n c u b a t e d  in B U d R .  T he  we igh t  average  
molecula r  we igh ts  f rom th i s  a n d  t he  fol lowing experi-  
men t ,  s u m m a r i z e d  in t h e  Table ,  are ca lcu la ted  f rom 
s u m m a t i o n  of t he  e q u a t i o n  d ~ a M  x for all  f rac t ions ,  
where  d = f r ac t iona l  d i s tance  s e d i m e n t e d  a n d  M -~ 
molecu la r  we igh t  ~5. The  va lues  of a a n d  x (0.0145 and  

Change in average molecular weight caused by 313-nm irradiation 
(1.0 x 105 erg mm -~) 

Condition Pre. 313 nm M.W. Post Reduction 
( • 10 -6) 313 nm M.W. of M.W. (%) 

UV, thymidine 85.1 72.7 14.5 
no UV, BUdR 73.2 62.6 14.4 
UV, BUdR 93.6 49.2 47.4 

X-ray, thylnidine 97.2 83.2 14.4 
no X-ray, BUdR 99.3 80.1 19.3 
X-ray BUdR 104.9 84.0 19.9 

0.316, respec t ive ly)  were der ived  f rom s e d i m e n t a t i o n  d a t a  
f rom D N A  samples  of k n o w n  molecu la r  weight .  W h e n  a 
s imi la r  e x p e r i m e n t  was  car r ied  ou t  us ing  X - i r r a d i a t i o n  
(Figure 3), no  such  decrease  in t h e  ave rage  molecu la r  
we igh t  was  observed.  Since th i s  dose of X - r a y  in our  
s y s t e m  resu l t s  in  b r eakage  of D N A  down  to  a t  m o s t  ha l f  
of t h e  u n i r r a d i a t e d  we igh t  ave rage  molecu la r  weight ,  if t h e  
f r ac t ion  of r epa i red  regions pho to lysed  were 0.33 to  0.5, as  
ca lcu la ted  b y  REGA~ e t  al. n in t he  case of UV, t h i s  shou ld  
h a v e  y ie lded  a r ead i ly  a p p a r e n t  change  in t he  s e d i m e n t a -  
t ion  p a t t e r n .  W e  h a v e  also used t h e  r a d i a t i o n - r e s i s t a n t  
m u t a n t  B / r  a n d  a larger  b u t  accep t ab l e  X - r a y  dose (30 kr) 
and  aga in  fai led to de t ec t  apprec iab le  pho to lys i s  in  cells 
repa i red  in B U d R .  The  dose of 313-nm i r r ad i a t i on  was 
va r i ed  in severa l  e x p e r i m e n t s  be tween  0 . 2 3 •  s and  
2.3 • 105 erg r a m - "  w i t h o u t  e n h a n c e d  resolut ion.  

A reasonab le  i n t e r p r e t a t i o n  of these  d a t a  is t h a t  D N A  
repa i r  syn thes i s  is a necessa ry  s tep  in t he  c losure  of s t r a n d  
b reaks  caused b y  X - r a y  in  E. coli, b u t  t h a t  i t  involves  m u c h  
sho r t e r  s egmen t s  of D N A  t h a n  in U V  excis ional  repair .  
Th i s  e x p l a n a t i o n  is also cons i s t en t  w i t h  t he  fa i lure  b y  
others ,  excep t  a t  t he  h ighes t  doses, to  de tec t  r epa i r  
syn thes i s  b y  isopycnic  c en t r i f uga t i on  in CsC1 gradients~% 

Zusammen/assung.  Nachweis ,  dass  be i  e iner  E. coli- 
M u t a n t e  m i t  f e h l e n d e r  D N S - P o l y m e r a s e  eine DNS-  
<~ R e p a i r  ~>- Syn these  m6gl icherweise  ein no twend ige r  Sch r i t t  
vo r  d e m  Schl iessen der  v o n  R 6 n t g e n s t r a h l e n  v e r u r s a c h t e n  
Chromosomenbr i i che  ist. 
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N u c l e a r  D N A  A m o u n t s  in P o l y c h a e t e  Anne l ids  

R e c e n t  work  on e v o l u t i o n a r y  t r e n d s  in t he  specific 
a m o u n t  of nuc lea r  D N A  has  been  l imi t ed  m a i n l y  to  
v e r t e b r a t e  groups  1-3. Much  less is k n o w n  a b o u t  in-  
v e r t e b r a t e  genome  sizes 4. W e  r e p o r t  here  t h e  resu l t s  of 
m e a s u r e m e n t s  m a d e  on  36 p o l y c h a e t e  species. These  
worms  c o n s t i t u t e  a n  i n v e r t e b r a t e  group of p a r t i c u l a r  
e v o l u t i o n a r y  in te res t .  Morphologica l ly  some po lychae t e s  
are  v e r y  close to t he  p o s t u l a t e d  ances t r a l  b o d y  p l a n  of t h e  
s e g m e n t e d  coelomates .  Th i s  bas ic  p a t t e r n  ha s  been  
modi f i ed  in va r ious  ways  b y  a d a p t a t i o n  to d iverse  m a r i n e  
h a b i t a t s .  There  are  f ree-swimming,  e r aMing ,  bur rowing ,  
and  t e m p o r a r i l y  or p e r m a n e n t l y  sessile species, r a n g i n g  
f rom genera l ized to v e r y  special ized morphoIogy .  

Nuc lea r  D N A  a m o u n t s  were d e t e r m i n e d  b y  e i the r  of 2 
me thods .  D a t a  on  some species are based  on  micro-  
d e n s i t o m e t r i c  d e t e r m i n a t i o n s  of Feu lgen  dye  c o n t e n t  of 
i n d i v i d u a l  somat i c  nuclei,  o the r s  h a v e  been  o b t a i n e d  b y  
f luoromet r i c  q u a n t i t a t i o n  of t h e  D N A  of a k n o w n  n u m b e r  

1 R. HINEGARDNER, Am. Nat. 102, 517 (1968); Am. Nat., in press 
(1972). 
S. OHNO, Evolution by Gene Duplication (Springer, Berlin 1970). 

3 Is[. BACHMANN, O. B. GOIN and C. J. GOlN, Brookhaven Syrup. 23, 
in press (1972). 

4 A.H. SPARROW, H. J. PRICE, and A. G. UNDERBRINe~, Brookaven 
Symp. 23. in press (1972). 


