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also alleles. Crosses i nvo lv ing  su7 deserve  f u r t h e r  con- 
s idera t ion .  I n  all crosses i n v o l v i n g  such  s t ra in ,  ' c r ink led '  
colonies were ob ta ined .  S imi lar  colonies were o b t a i n e d  b y  
o the r  a u t h o r s  in  A. nidulans la, 1r and  in all  cases a dupl ica-  
t ion  was involved .  I n  su 7 case all c r ink led  colonies were 
p h e n o t y p i c a l l y  nic+; i t  is possible  t h a t  a dup l i ca t i on  is 
i nvo lved  wh ich  causes t he  c r ink led  p h e n o t y p e  a n d  
i ndependence  to n ico t in ic  acid. 

The  dominance- recess iveness  r e l a t ionsh ips  a m o n g  t he  
9 suppressors  were car r ied  ou t  b y  f o r m a t i o n  of he te ro-  
k a r y o n s  h o m o z y g o u s  for nic 8 allele a n d  he te rozygous  for  
t he  suppressor  t e s t ed  (MSE su nic8 Xsu 1 ad20, y, ad20; 
phen 2; pyro 2; lys 5; s 3; nic 8; ribo 2) and  b y  growing  t h e m  
on MM s u p p l e m e n t e d  w i t h  pyr idox ine ,  th iosu l fa t e  
a n d  r ibof lav ine .  In  all 9 cases t h e  h e t e r o k a r y o n  could 
grow on th i s  med i um .  On t h e  o the r  h a n d ,  w i t h  one 
except ion ,  d iploids  o b t a i n e d  f rom such  crosses were 
u n a b l e  to  grow on t he  same  m ed i um .  The  excep t ion  was 
t he  d ip lo id  he te rozygous  for  su6, p r o b a b l y  a n  in t r agen ic  
suppressor .  These  resul t s  were t a k e n  as e x p e r i m e n t a l  
s u p p o r t  for t he  h y p o t h e s i s  a b o u t  t he  m e c h a n i s m  of gene 
regu la t ion ,  w h i c h  is an  a d a p t a t i o n  to  t h e  'Cascade  
r e g u l a t i o n  m e c h a n i s m '  p roposed  b y  PONTXCORVO1. 
Accord ing  to  t h i s  hypo thes i s ,  nic 8 would be  a m u t a n t  in  
t he  r egu la to r  R~ w h i c h  does no t  m a k e  a repressor  ac t ive  
to  b lock  t h e  ac t ion  of t h e  r egu la to r  R1, t h u s  i n h i b i t i n g  
t he  ac t ion  of t he  s t r u c t u r a l  gene. I n  our  case, t he  o the r  
loci  would  be  col lec t ively  respons ib le  for t h e  syn the i s s  
of t he  o the r  repressor .  M u t a t i o n  in one or more  of these  
loci would  be  suff ic ient  to  p r e v e n t  t he  syn thes i s  of t he  

second repressor ,  t h u s  enab l ing  t he  s t r u c t u r a l  gene  to 
syn thes i se  i ts  enzyme.  Such  repressor  (R1) would  be  
n lade  of severa l  un i t s  r e su l t ing  in a complex  chain .  E a c h  
of these  un i t s  would  be  p r o d u c e d  b y  a specific locus, 
where  a n y  m u t a t i o n  resu l t s  in  an  a b s e n t  or a l t e red  
s u b u n i t  and,  c o n s e q u e n t l y  ill a n o n - f u n c t i o n a l  complex.  
Of course, o the r  e x p l a n a t i o n s  could be  proposed,  as, for 
ins tance ,  an  a d j u s t m e n t  on  MM in f a v o u r  of 1 nuc leus  in  
h e t e r o k a r y o n s  3 On t he  o t h e r  hand ,  t he  nuc lea r  loca t ion  of 
repressors  c a n n o t  be  ru led  ou t  a n d  t he  ex i s tence  of 
sys t ems  of r egu la t i on  a t  nuc lea r  level  was a l r eady  p roposed  
for euca ryo tes  ~5. All  suppressors  ana lysed  a p p e a r  to  
exh ib i t  s t r i k ing  differences  in  t h e i r  gene  s t ruc tures ,  s ince 
t h e y  showed difference in g r o w t h  ra t e s  (Table  II) .  Also 
t h e y  e x h i b i t  a p le io t rop ic  effect, s ince m o s t  of t h e m  
confer red  a t  t he  same t ime  i n d e p e n d e n c e  to n ico t in ic  
acid r e q u i r e m e n t  and  res i s t ance  to  p F A  (Table  I I I ) .  Such  
effects can  be  exp la ined  b y  t he  fac t  t h a t  some subs t ances  
inc lud ing  sh ik imic  acid are c o m m o n  precursors  of pheny l -  
a l an ine  a n d  n ico t in ic  acid 4. More cons i s t en t  knowledge  of 
t he  suppressor  genes used b y  us could however ,  on ly  be  
o b t a i n e d  f rom more  de ta i l ed  genet ic  a n d  b iochemica l  
s tudies .  

Zusammen/assung. N e u n  Suppresso ren  des M u t a n t e n  
nic8 v o n  AsPergillus nidulans w u r d e n  in der  K o p p l u n g s -  
g ruppe  V I I  der  C h r o m o s o m e n k a r t e  loka l i s ie r t  u n d  u n t e r  
ve r sch i edenen  A s p e k t e n  s tud ie r t .  E ine  H y p o t h e s e  t iber  
die M e c h a n i k  der  gene t i schen  Regu l i e rung  der  E r z e u g u n g  
der  Nikotins~iure wurde  fo rmul ie r t .  
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Location of the different suppressors of nic8 allele analysed (linkage 
group VII). Distance are only approximated and are not in scale on 
tile map. 
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Effect of Inf luenza Virus PR8 Infection on T h y m u s  

The  m e c h a n i s m s  of t h y m u s  invo lu t ion  are v e r y  complex  
and  no t  well  unders tood .  M a n y  ex t e rna l  agen ts  respons ib le  
for t h y m u s  i n v o l u t i o n  ins t ead  of ac t ing  sepa ra t e ly  t r igger  
in t r ins ic  m e c h a n i s m s  of t he  organism,  such  as t he  secre- 
t ion  of cor t icos teroids ,  wh ich  c o n t r i b u t e  g rea t ly  to  
t h y m o l y s i s  (for ref. see 1). This  l a b o r a t o r y  has  p rev ious ly  
r ep0 r t ed  2 a d ras t i c  reduction,  in  t h y m u s  we igh t  a f te r  
in f luenza  vi rus  P R 8  infec t ion  of mice. I n  t h e  p re sen t  s t u d y  
we ana lyzed  t he  e x t e n t  of t h y m u s  r e d u c t i o n  caused  b y  
v i rus  in fec t ion  in ad r ena l ec t om i zed  mice as c o m p a r e d  
w i t h  t h y m u s  d a m a g e  in i n t a c t  in fec ted  mice. W e  were 
also looking  for morpho log ica l  dif ferences  in  i n t a c t  and  
ad rena l ec tomized  mice, 

Materials and methods. H i g h l y  inb red  BALB/C mice, 
6 weeks old, in tac t ;  ad rena l ec tomized  ~ and  s h a m  adrena l -  
ec tomized  (10 an ima l s  pe r  group) were inocu la ted  
i n t r a n a s a l l y  w i t h  0.1 ml  of in f luenza  v i rus  suspens ion  
(PR8,  A 0 type ,  13 H.A.U. /ml ) .  Vira l  in fec t ion  was 
cont ro l led  b y  t he  p resence  of s e rum an t ibod ie s  de t ec t ed  
b y  h a e m a g g l u t i n a t i o n  i n h i b i t i o n  test .  A d r e n a l e c t o m i z e d  
mice showed h igher  suscep t ib i l i ty  to  t he  virus ,  b u t  t he  
infec t ion  was on ly  r a re ly  fatal .  T h y m u s e s  of all  g roups  of 

in Intact and Adrena lec tomized  Mice 

mice were col lected daily,  f rom 1st to  10th  d a y  a f t e r  v i rus  
inocula t ion ,  a f te r  f i xa t ion  in  s i tu  (DJACZENKO a n d  
CIMMINO4). Tissue  was e m b e d d e d  in  Ves topa l  W a n d  
s e m i t h i n  sect ions  were s t a ined  w i t h  0 .1% to lu id ine  blue.  

T h y m u s e s  p r e sen t ed  in F igures  2-5 were pre f ixed  in 
s i tu  w i t h  a m i x t u r e  of ac ro le in -g lu t a ra ldehyde  a n d  T A P O  4, 
pos t f ixed  w i t h  4% o s m i m n  te t rox ide ,  d e h y d r a t e d  and  
e m b e d d e d  in Ves topa l  W. S e m i - t h i n  sect ions  (0.5 ~ m  
th ick)  were s t a ined  o v e r n i g h t  w i t h  0.1% so lu t ion  of 
to lu id ine  b lue  in 1% borax .  

Results. Figure  i shows t h a t  t h y m u s e s  of in fec ted  mice 
undergo  a d ras t i c  r e d u c t i o n  of weight ,  more  p r o n o u n c e d  
in i n t a c t  an imals .  Morpho logy  of t he  t h y m u s  of n o r m a l  
con t ro l  mice  m a y  be  obse rved  in F igure  2. T h y m u s e s  of 
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Fig. 1. Dis t r ibu t ion  of t h y m u s  weights  in adrena lec tomized  controI 
(A), i n t a c t  eontroI (B), adrena lec tomized  in lee ted  (C) and i n t ac t  
infected (D) mice. The  weigh t  of thymuses  in  the group of sham 
opera ted  an imals  corresponds to t h a t  of i n t ac t  infected animals.  
Each  group is composed of 10 animals .  Reduct ion  of t hymus  weight  
in infected mice is evident .  

Fig. 3. T h y m u s  of the adrena lec tomized  mouse collected on 6th day  
af ter  v i rus  infection. Thymoey tes  form 2 popula t ions ;  one wi th  a 
normal  s t a in ing  capac i ty  is marked  'T '  and  ano the r  scarsely s ta ined  
is m a r k e d  'fi'. Focal  thymolys i s  is ind ica ted  by  an arrow. D R E C  are 
marked  by  a star.  • 1,200. 

Fig. 2. L igh t  micrograph  of the t hymus  from a normal  control  mouse. 
Dark  re t icular  epi thel ia l  cells (DREC) are m a r k e d  b y  stars.  Thymo-  
eytes  (T) show a no rma l  d i f ferent ia t ion  of the size and  s ta in ing  
qual i ty .  A blood vessel  (BV) is seen at  the bo t t om of the mierograph.  
• 1,200. 

Fig. 4. Thymus  of adrenalec tomized  mouse collected on 10th day  
af ter  v i rus  infect ion.  Focal  thymolyses  are ind ica ted  b y  arrows. 
Damaged  D R E C  are marked  b y  stars.  L is a l igh t  re t icular  epi thel ia l  
cell wi th  clear signs of degenerat ion.  Many of t hymoey tes  (T} show 
a t endency  to b ind  l i t t l e  stain.  The i r  cy top lasm is opt ica l ly  lucid. 
A mitos is  m a y  be seen in  one D R E C  (M}. • 1,200. 
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ad rena l ec tomized  infec ted  mice  obse rved  on  6 th  day  a f te r  
in fec t ion  (Figure 3) are cha rac t e r i zed  b y  t he  d a m a g e  of 
d a r k  r e t i cu la r  ep i the l ia l  celIs (DIREC) and  focal thymolys i s .  
Moreover  cor t ical  t h y m o c y t e s  show a grea t  di f ference in 
t he  i n t e n s i t y  of s t a in ing  (Figure 3). The  p o p u l a t i o n  of 
in t ense ly  s t a ined  t h y m o c y t e s  is less numerous .  A t  a l a te r  
per iod  of v i rus  in fec t ion  (10 days,  F igure  4), t he  cor t ica l  
layer  of t h y m o c y t e s  t e n d s  to d isappear .  Foca l  t hymolyses  
are more  f requen t ,  A t  t h e  same t i m e  a n u m b e r  of mi toses  
m a y  be  obse rved  in t he  t h y m u s  (Figure 4). 

Virus  infec t ion  o5 i n t a c t  mice  r ap i d l y  causes a comple t e  
d i s a p p e a r a n c e  o5 t h e  cor tex  of t h e  t h y m u s .  I n  t h e  medu l l a  
DIREC are h eav i l y  d a m a g e d  a n d  a focal t h y m o l y s i s  is a 
f r equen t  p h e n o m e n o n .  On 10th  d ay  a f t e r  v i rus  inocu la t ion  
t h y m u s e s  show large conf luen t  zones of lyzed  ceils (Figure 
5). Only  smal l  islets of p rac t i ca l ly  i n t a c t  cells m a y  be  
obse rved  (Figure 5). W e  d id  n o t  observe  a n y  mi to t i c  
d iv is ions  d u r i n g  t h e  whole  per iod  of v i rus  in fec t ion  of 
i n t a c t  mice.  

S h a m  o p e r a t e d  in fec ted  mice  b e h a v e  in all  respec ts  as 
i n t a c t  in fec ted  mice. 

Discussion. P R 8  v i rus  in fec t ion  p rovokes  t h e  t h y m u s  
i n v o l u t i o n  in mice ~. W e  n o w  r e p o r t  t h e  morpholog ica l  
a l t e r a t ions  respons ib le  for t h e  invo lu t ion ,  wh ich  is more  
c lear ly  expressed  in i n t a c t  mice t h a n  in ad r en a l ec t o mi zed  
mice. A mode l  of i nd i r ec t  effects of P R 8  v i rus  infec t ion  
on  t h y m u s  is  offered b y  ad ren a l ec t o mi zed  mice. D R E C  
d a m a g e  is c o m m o n  to b o t h  e x p e r i m e n t a l  groups  of an imals .  
Focal  t h y m o l y s i s  is bes t  seen in a d r e n a l e c t o m i z e d  mice. 
W e  were also able  to  d is t inguish ,  on  t h e  basis  of t he  
i n t e n s i t y  of s t a in ing  w i t h  to lu id ine  blue,  two  cell t ypes  in 
t h e  p o p u l a t i o n  of t h y m o c y t e s  in  a d r e n a l e c t o m i z e d  
in fec ted  mice. I t  is r easonab le  to  a d v a n c e  a h y p o t h e s i s  
t h a t  less i n t ense ly  s t a i n ed  t h y m o c y t e s ,  n o t  p r e s e n t  in  
i n t a c t  in fec ted  mice, p r o b a b l y  co r respond  to  t h e  cort ico-  
s te ro id-sens i t ive  p o p u l a t i o n  of t h y m o c y t e s  in  t he  
c lass i f ica t ion of RAFF a n d  CANTOR 5. Fo r  a b e t t e r  func-  
t i ona l  def in i t ion  o5 t h e  less i n t ense ly  s t a ined  t h y m o c y t e s  
more  e x p e r i m e n t s  are needed.  T h y m u s e s  of ad rena l -  
ec tomized  mice  show a t e n d e n c y  to  recover  a t  l a t e r  
e x p e r i m e n t a l  per iods  as shown  b y  t h e  p resence  of m i t o t i c  
divisions.  

Riassunto. Le a l t e raz ion i  morfo logiche  del t i m o  nel  
corso del l ' infezione con v i rus  P R 8  sono pi/1 ev iden t i  net  
top i  n o r m a l i  che net  t op i  ad rena lec tomizza t i ,  i qual i  
m o s t r a n o  u n a  d i f fe renz iaz ione  dei t imoc i t i  in  due  classi  
sulla base  de l l ' i n t ens i t~  di  coIorazione con  bleu di  to lu id ina .  

Fig. 5. Thymus of intact infected mouse collected on 10th day after 
virus infection. Large confluent zones of lysed cells are marked by 
asterisks. A small islet of fairly well preserved thymocytes (T) is seen 
on the left of the micrograph. Phagoeytized pyknotic nucleus of the 
thymoeyte is marked 'F'. At 'L' a light reticular epitheIial cell 
containing 2 huge lysosomes. • 1,200. 
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Induced Mutations in S e r r a t i a  r n a r c e s c e n s  by Near 

U l t r av io l e t  l i gh t  of wave  l e n g t h  r a n g i n g  253-265 n m  
resu l t s  in  a r ap id  i n a c t i v a t i o n  of cells of mic ro -o rgan i sms  
and  consequen t l y  yields a low pe rcen t age  of m u t a n t s  
a m o n g  survivors .  The  p r e sen t  s t u d y  was a imed  to f ind  o u t  
t he  effect  of nea r  UV- l igh t  (NUV) of 350-360 n m  wave  
l e n g t h  on  ti le mu tagenes i s  in Serratia marcescens ( threo-  
n ine  less m u t a n t ) .  A pho tosens i t i z ing  chemical ,  8 - m e t h o x y  
psora len  (MOP) was used to  increase  t h e  efhect of NUV,  
s ince a t  t h i s  wave  length ,  i r r a d i a t i o n  a lone was ineffec t ive  
in cell i n a c t i v a t i o n  (Figure).  

T r e a t m e n t  o5 cells w i t h  M O P  was done  before  nea r  
UV- i r r ad i a t ion .  8 - m e t h o x y  psora len  (Manaderm,  Jeof f rey  
M a n n e r s  Co. Ltd . ,  Ind ia )  was  dissolved in abso lu t e  e thy l  

UV-Light  in Presence of Psoralen 

alcohol  to  give 1 rng /ml  solut ion.  1 ml  of M O P  so lu t ion  
was a d d e d  to  9 m l  of t h e  celt suspens ion  of Serratia 
marcescens(threg) grown ill ])AVIS 1 m i n i m a l  med i um.  
The  cell suspens ion  was left  for 1/~ h, in  d a r k  for u p t a k e  
of MOP. T h e  cell suspens ions  t r e a t e d  w i t h  or w i t h o u t  
(MOP) were sub j ec t ed  to  nea r  U V - i r r a d i a t i o n  for d i f fe ren t  
i n t e rva l s  of t i m e  in an  open  P e t f i d i s h  a t  a d i s t ance  of 
15 cm f rom a 125 W U V - l a m p  (Phi l ips  Model  57236 E 
170 H P W ,  Hol land) .  M u t a t i o n s  were scored for 1. rever -  
sions to  t h r e o n i n e  i n d e p e n d a n c e ;  2. fo rward  m u t a t i o n s  to  
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