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Table II. Analysis of variance of critical thermal maxima of chorus frogs 

EXPERIENTIA 30/4 

Source SS df MS F P 

Accl imat ion  t empera tu re  56.454 1 56.454 100.4 % 0.001 
Elevation 24.067 1 24.067 42.8 < 0.001 
Interaction (temperature • elevation) 1.803 1 1.803 3.2 > 0.1 
Among populations (pooled) 4.499 8 0.562 43.2 < 0.001 

Error 0.632 48 0.013 

Since there was s ignif icant  va r i a t ion  in  CTM among the popula t ions  of an exper imen ta l  group, the Mean Squares /Among Popula t ions  was 
used as the denomina to r  in  ca lcula t ing  F-rat ios  for higher  levels of va r i a t ion  1~. SS, sums of squares  ; dr, degrees of freedom ; MS, mean  squares  ; 
F, F-rat io.  

de te rmina t ion  of CTM was app rox ima te ly  10 days for 
mon tane  frogs and 30 days  for p i edmont  animals.  

Crit ical  the rmal  m a x i m a  were subjected to 2-way 
analysis of variance,  the  f ixed factors being e levat ion and 
accl imat ion tempera ture .  One level  of nes t ing (popula- 
tions) was incorpora ted  into the  exper imenta l  design to 
pe rmi t  us to dist inguish a l t i tud ina l  effects f rom inter-  
popula t ion  effects 14. 

The CTM of chorus frogs acc l imated  a t 2 0  ~ was about  
2 ~ higher  t han  tha t  of frogs held at  5 ~ (Tables I and II) ,  
which is the  expected pa t t e rn  of response 5,18,15 More 
impor tan t ,  however,  the  CTM of p i edmon t  frogs averaged 
1.2 ~ higher  t t lan t h a t  of mon tane  animals  (Tables I and 
II) .  Addi t ional ly ,  the  effect of the rmal  accl imat ion on 
CTM was similar  in frogs f rom mon tane  and p i edmont  
popula t ions  (Table II).  

The  CTM of amphib ians  has been repor ted  e i ther  to be 
pos i t ive ly  correlated wi th  body  weight  16 or to be in- 
dependen t  of body weight  5-7. Assuming tha t  the  former  
s i tua t ion  obtains  in chorus frogs, i t  is possible t ha t  the  
CTM of the  larger mon tane  frogs17,18 was displaced 
upward  re la t ive  to t h a t  of the  smaller  p i edmon t  animals.  
However ,  since the  observed CTM of the  mon tane  frogs 
still  is lower t h a n  t h a t  of p i edmont  frogs (Table I), the  
difference in mean  values  seems not  to be a t t r ibu tab le  to 
the  influence of body  weight.  

Addit ional ly ,  the  CTM of amphib ians  has been repor ted  
ei ther  to decrease in s ta rved  animals  1~ or to be independen t  
of nu t r i t iona l  s t a teL  Since p i edmon t  frogs w e r e  held 
wi thou t  food for a longer  in te rva l  before s tudy  than  
montane  frogs, i t  is possible t h a t  the  CTM of p i edmon t  
animals  was depressed accordingly.  However ,  since the  
recorded CTM of p i e d m o n t  frogs still  is h igher  t han  t h a t  
of mon tane  frogs, the  mean  difference in CTM seems no t  
to be a t t r ibu tab le  to different  nu t r i t iona l  s tates of the  
exper imenta l  animals.  

We  conclude, therefore,  t h a t  the  different  CTMs of 
mon tane  and p i edmont  chorus frogs represent  ecotypic  

var ia t ion  wi th in  this  species. The  observed difference in 
CTM between  mon tane  and p i edmon t  chorus frogs 
is precisely wha t  one would  predic t  as an ou tcome of 
evo lu t ionary  compensa t ion  for temperature1.  The  mon-  
t ane  frogs, which occupy general ly cooler habi ta t s  1~ 
p resumably  have  acquired ra te  l imi t ing  enzymes  in 
in te rmedia ry  metabol i sm t h a t  funct ion  op t ima l ly  at  lower 
mean  tempera tu res  t h a n  do equ iva len t  enzymes  in pied- 
m o n t  frogs. Consequently,  nega t ive  modula t ion  of enzyme 
funct ion by  increasing t empera tu re  leads to metabol ic  
inac t iva t ion ,  and death,  at  lower body  t empera tu res  in 
mon tane  frogs than  in p i edmont  animals  1. 

Zusammen/assung. Das kri t ische the rmale  M a x i m u m  
von Fr6schen (Hylidae : Pseudacris triseriata) aus 
Bergpopula t ionen  l iegt  niedriger  als jenes yon Tief- 
landpopulat ionen,  wobei  es sich offenbar  um das Ergebnis  
einer physiologischen Evo lu t ion  hande l t :  Adap ta t ion  an 
kiihleres H6henkl ima.  
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Nicotinic Acid Suppressors in Aspergillus nidulans 

Suppressor genes have  been s tudied bo th  in higher  
organisms and micro-organisms ; and main ly  in the  lat ter ,  
the  s tudy  has led to i m p o r t a n t  contr ibut ions  to the  
unders tanding  of gene action. In  fungi, several  instances 
have  been repor ted  of differences in dominance  of sup- 
pressors be tween  diploids and he te rokaryons l -K  In  
respect  to the  nicot inic  acid requ i rement  caused by  the  
~ic 8 m u t a n t  of A. nidulans, several  authors  repor ted  the  
presence of suppressors of such gene. WARR and t{OPER 4, 

for instance, looking for res is tant  mu tan t s  to var ious 
inhibitors,  found tha t  p-f luorophenyla lanine  (pFA) 
res is tant  genes also suppress the  nicot inic  acid require-  
m e n t  caused by  nic8. 

We have  isolated and s tudied suppressors of the  nic8 
gene of A. nidulans ill re la t ion to several  aspects, such 
as map  location, resistance to pFA,  growth ra te  and 
dominance  or recessiveness of the  isolated suppressors in 
he te rokaryons  and diploids. Fo r  t h a t  the  min imal  med ium 
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Table I. Ratio of segregant spores from crosses involving su nic8, Table II. Growth rate of suppressors measured on a medium lacking 
nic8 and their respective wild alleles nicotinic acid compared with growth of a nic + strain 

Crosses Segregants X 2 �9 Strain Efficiency (%) 

Suppressor Tester nic + nic- 
involved strain nic+ 100,0 

su I 84.5 b 
su2 101.2 

sul • bil; nil03 304 112 0.83 su3 71.4 b 
su2 • bil; nil03 90 14 7.39b sud 69.0 b 
su3 • prol, paba6; v�93 83 21 1.28 su5 80.0 b 
sud • prol, paba6; riO 90 14 7.39" su6 103.6 
su5 • bil; nil03 154 54 0.10 su7 29.8 
su6 • pro1, paba6; vTO 103 1 32,05 o su8 100.0 
su7 • pro1, paba6; vTO 103 43 1.54 su9 103.6 

sub • prol, paba6; vlO 166 42 2.56 
su9 • pro1, paba6; vlO 124 22 7.68 b nic- 0.0 

a To fit a 3:1 segregation; b Significative at 1% level; o Significative ~ Taken the growth of nic + strain after 96 h incubation as 100% 
at 1~ level, b Significative at 1% level. 

(MM) was Czapek-Dox m e d i u m  wi th  1% (w/v) glucose, 
Complete  m e d i u m  (CM) was a complex  m e d i u m  conta in ing  
yeas t  ex t rac t ,  hyd ro lysed  casein, hydro lysed  nucleic 
acids, v i tamins ,  etc ~. Solid media  con ta ined  2% agar. The 
s t ra ins  used were:  s t ra in  M S E :  sul  ad20,  y, ad20;  w3;  
g a l l ;  pyro4;  [acA 303; s3 ;n i c8 ; r ibo2;  s t ra in  bil; ni  103; 
s t ra in  pro 7, paba6;  v29;  s t ra in  sul  ad20,  y, ad20;  phen2;  
pyro4;  lys5;  s3;  n ic8;  n i l 0 3  and  s t ra in  p r o l ,  paba6;  
v 10. M u t a n t  alleles in th is  s t u d y  de t e rmined  the  pheno-  
t ypes  : y, yel low conidia ;  w 3 (epistat ic to  y / y  +),  whi te  
conidia,  v 10 and  v29, brown  myce l ium;  ad20, biT, lys5, 
n i l 0 3 ,  nic8,  paba6,  phen2,  pro1,  pyro4,  r ibo2 and s3, 
r equ i remen t s  respec t ive ly  for adenine,  biot in,  lysine, 
ni t r i tes ,  nicot inic  acid, p -aminobenzo ic  acid, phenyla lan i -  
nine, proline,  pyr idoxine ,  r ibof lavine  and  th iosu l fa te ;  
sul  ad20,  suppressor  of adenine  r e q u i r e m e n t  caused by  
ad 20; facA 303 and  gal 1, inab i l i ty  to  grow on m e d i u m  w i t h  
sod ium ace ta te  and  galactose as t he  only  source of ca rbon  
respect ively .  Origin of t he  s t ra ins  and  locat ion of t he  
m u t a n t s  can be found  elsewere6-9. General  t echn iques  of 
genet ic  analys is  were those  of PONT~CORVO et al. 5. The 
suppressor  genes were ob ta ined  by  UV- induced  m u t a t i o n  
by  i r rad ia t ing  a suspens ion  of conidia  (MSE strain) w i t h  
an UV- l igh t  source (2537 A) to  give 5% survival .  9 
i n d e p e n d e n t  isolates (designed s u l  to  su9)  were t h e n  

Table III. Resistance level of suppressors of nic8 allele to p-Iluoro- 
phenylalanine on CM 

Strain pFA (~tg/mI) 

MSE < 250 
su 1 250-500 
su2 250-500 
su 3 >1000 
su 4 > 1000 
su5 500-1000 
su6 250-500 
s~ 7 < 250 
su 8 > 1000 
su9 500-1000 

crossed wi th  s t ra ins  bi 1; ni  703 and  pro 1, paba6;  v 10 
and  mi to t ic  and  meiot ic  analysis  were pe r fo rmed  in the  
usual  wayl~ The Mlelism re la t ionships  a m o n g  the  
suppressors  were s tudied  by  crossing two by  two,  d i f fe rent  
isolated suppressors  and  ana lys ing  ascospores  f rom the  
hybr id  per i thec ia  obta ined.  The dominance :  recessiveness  
re la t ionship  was s tudied  in he t e roka ryons  and  diploids  
homozygous  for n ic8  and  he te rozygous  for t he  sup- 
pressor.  Res is tance  to  p F A  was inves t iga ted  on CM plus  
several  concen t ra t ions  of p F A  added  to  t he  med ium.  The 
g rowth  ra te  of s t ra ins  w i t h  t he  d i f fe rent  suppressors  was 
inves t iga ted  on MM lacking nicot inic  acid. 

Results  and discussion. All 9 i n d e p e n d e n t  nicot inic  
acid isolates gave in crosses w i th  nicot inic  acid inde- 
p e n d e n t  s t ra ins  (nic+ strains) n ic -  segregants  ind ica t ing  
the  presence  of suppressors  (Table I). In  5 cases the  
suppressor  was no t  l inked to  n i c 8  gene since a 3 nit+: 
1 n i c -  propor t ion  of segregants  was ob ta ined .  In  3 cases a 
loose l inkage seems to be p re sen t  and  in t he  last  case a 
s t rong  l inkage was observed.  

Resul t s  f rom the  mi to t ic  and meiot ic  analysis  have  
shown t h a t  all 9 suppressors  were located  in l inkage 
group VII .  (Figure). Test  of allelism conf i rmed these  
resul ts ;  M S E  su n ic8  s t ra ins  were crossed wi th  pro7,  
paba6, v29  s t ra in  and  segregants  con ta in ing  the  n i c 8  
allele and  its suppressor  were crossed to o the r  s t ra ins  
car ry ing  suppressors  i n d e p e n d e n t l y  isola ted;  crosses 
be tween  suT •  s u 2 •  s u d •  and  s u 9 x s u 4  
prodt lced no n i c -  segregants .  In  all o the r  crosses n ic -  
segregants  were obta ined .  The resul ts  led to t he  conclusion 
t h a t  s u l  is allele of s u 3  and  t h a t  su2,  s u 4  and  s u 9  are 
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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 .  

SU9 
SU & SUB SU 3 
su2 @8 v,lO sq5 sa, l sqS___ su, 7 

234 , I_ 23~4. . - -23 

~ ' - ~ 2 6  
~'- 27 

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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