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Convergent Characters of Extremely Thermophilic 

Pa r t i cu l a r l y  no t ab l e  a m o n g  those  bac t e r i a  which  re- 
quire  b o t h  h igh  t e m p e r a t u r e  (60-90~ and  low p H  (1-3) 
for g r o w t h  are t h e  mycop l a sma- l i ke  Thermoplasma 
acidophila of DA~LAND et  al. ~, t he  p le iomorph ic  Fe  or S 
a u t o t r o p h  of BRIERLEY and  BRIERL~Y~, a n d  t he  pleio- 
morph i c  Sulfolobus acidocaldarius of BROCK et  al. 3, wh ich  
is a I acu l t a t ive  S a u t o t r o p h .  I n  our  own  s tudies  of the  
bac te r i a l  f lora  of ex t r eme ly  ho t  acid sources a t  Pisciarel l i  
(Agnano) nea r  Naples ,  above  t he  t e m p e r a t u r e  r ange  a t  

Fig. 1. Microorganisms of the s t ra in  MT-3. The cells appear  a lmost  
spherical and are surrounded by a plasma membrane and an extra- 
eellular coat. Their cytoplasm is rather dense and granular. The 
larger cells are aged organism. Glutaraldehyde and osmium tetroxide 
fixation at pH 6.8. ERL embedding medium. • 19,200. 

Acidophilic Bacteria 

which  the  spore - fo rming  Bacillus acidocaldarius pre- 
d o m i n a t e s  ~, we h a v e  en co u n t e r ed  a r ange  of organisms,  
here  des igna ted  MT, wh ich  is ve ry  s imi la r  to  Sul/olobus; 
we bel ieve t h a t  t h e  s t u d y  of t h e  MT series has  a consider-  
able  re levance  to t h e  p r o b l e m  of r e l a t ing  an d  classifying 
all  of these  species. 

The  physiological ,  chemical ,  a n d  u l t r a - s t r u c t u r a l  d a t a  
for t h e  MT series will  be  descr ibed  in full accoun t s  else- 
where,  b u t  t h e  m o s t  i m p o r t a n t  cha rac te r i s t i c s  are 
s u m m a r i z e d  in t h e  Tab le  in para l le l  w i t h  t h e  c o m p a r a b l e  
da ta ,  where  ava i lab le ,  for ~che o rgan i sms  a l r eady  m e n t i o n -  
ed. I n  p a r t i c u l a r  i t  is clear f rom th i s  l is t  t h a t  the  MT 
o rgan i sms  are on mos t  c r i t e r ia  iden t ica l  w i t h  S. acido- 
caldarius. One a p p a r e n t  di f ference was t h a t  t h e  conspicu-  
ously  ' lobed '  m o r p h o l o g y  ascr ibed  to  the  l a t t e r  3 is a b s e n t  
in  t h e  MT organ isms ,  which  are  a l m o s t  spher ica l  (~'igure 
1). 

Di rec t  c o m p a r i s o n  unde r  phase  c o n t r a s t  (using t he  
98-3 s t r a i n  of S. acidocaldarius suppl ied  b y  J .L .  MOSSER) 
conf i rms  t h a t  these  cells are indeed  s o m e w h a t  more  
i r regular ,  b u t  on  t h e  o the r  h a n d  the  v e r y  i r regula r  
a p p e a r a n c e  seen in p u b l i s h e d  e lec t ron  mic rog raphs  ~ is in 
our  v iew an  a r te fac t ,  s ince i t  can  also be  induced  in MT 
ceils, e.g. b y  c e n t r i f u g a t i o n  a t  g forces super ior  to  3000, as 
shown,  for example ,  in F igure  2. 

I n  F igure  3 we show one of a series of e lec t ron  micro-  
g raphs  d e m o n s t r a t i n g  the  mode  of d iv i s ion  of MT cells, 
b y  a process  of m e d i a n  cons t r ic t ion ,  du r ing  which  a b ipo la r  
loca l iza t ion  of nuc lea r  m a t e r i a l  is also obse rvab le ;  a t  all  
o the r  t i m e s  t h e  D N A  s t r a n d s  are  d ispersed t h r o u g h o u t  t h e  
c y t o p l a s m  (as in  S. acidocaldarius, for wh ich  t h e  mode  of 
d iv i s ion  is unknown) .  I n  F igure  4 we show t h e  un i t  mem-  
b r a n e  an d  t h e  s t r u c t u r e d  e x t r a - m e m b r a n e  layer,  wh ich  
we h a v e  e x a m i n e d  ex tens ive ly  in b o t h  MT an d  Sul/olobus 
w i t h o u t  f i nd ing  an y  s ign i f ican t  differences.  

The  MT isolates  also fo rm n u m e r o u s  r a t h e r  fragile  pill, 
w h e n  grown on yeas t  ex t rac t .  These  p i l i  exac t ly  resemble  
those  descr ibed  for  S. acidocaldarius grown on su lphur  in 
t h e  presence  of yeas t  e x t r a c t  5, a n d  supposed ly  associa ted  
w i th  a u t o t r o p h i c  nu t r i t i on ,  b u t  these  a u t h o r s  did  no t  
record  a n y  o b s e r v a t i o n s  for S. acidocaldarius growing  
h e t e r o t r o p h i c a l l y  on yeas t  e x t r a c t  alone. A fea tu re  of t he  
MT isolates,  no t  so far  descr ibed for S. acidocaldarius, is 
t h a t ,  in  a d d i t i o n  to  growing he t e ro t roph i ca l l y  on  s imple  
med ia  an d  a u t o t r o p h i c a l l y  on sulphur ,  t h e y  will also grow, 
aIbei t  slowly, a u t o t r o p h i c a l l y  on  ferrous  iron. 

Essent ia l ly ,  therefore ,  we should  h a v e  been  c o n t e n t  to  
r ega rd  t h e  MT series an d  S. acidocaldarius mere ly  as 
d i f fe ren t  iso!ates  of ' t h e  same '  o rganism.  G iven  t h e  degree 
of i d e n t i t y  observed,  we were the re fore  ve ry  surpr ise  w h e n  
m e a s u r e m e n t s  of g u a n o s i n e - c y t o s i n e %  in h igh-molecu la r -  
we igh t  homogeneous  D N A  f rom 2 MT s t r a ins  b y  2 d i f fe rent  
m e t h o d s  ( q u a n t i t a t i v e  base  separa t ion6,~;  p r e p a r a t i v e  
u l t r a c e n t r i f u g a t i o n  w i t h  label led  m a r k e r  D N A  s) gave  

Fig. 2. Before processing for electron microscopy the organism were 
centrifuged at about 3000 g to form a pellet. The bizarre lobulated 
forms have been artificially produced by compression during 
centrifugation. Same fixation procedure as in Figure 1. x 18,000. 
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resul ts  in the  range 39-45%,  as compared  wi th  the  repor t -  
ed values ob ta ined  for S. acidocaldarius (by analy t ica l  
u l t racentr i fugat ion)  of 60-80o/0 . Accordingly  we s u b m i t t e d  
h igh-molecular  weight  DNA from separa te ly -grown cul- 
tures  of an 3/IT s t ra in  and  of S. acidocaldarius s t ra in  98-3, 
under  coded designat ions ,  to Dr. S. AYAD (Dept.  of 
Biochemis t ry ,  Un ive r s i ty  of Manchester)  who by  ana- 
lyt ical  u l t r acen t r i fuga t ion  ob ta ined  the  essent ial ly  con- 
f i rma to ry  values  of 47.9% and  70.4% GC respect ively.  

Since the  two GC~ ranges  are so much  fa r ther  apa r t  
t h a n  would be expec ted  for a single genus, let  alone for 
the  same species, we could only  conclude t h a t  in the  MT 
isolates and in S. a;idocaldarius we are deal ing w i t h  an 
ex t r em e  case of convergen t  evolut ion,  under  dras t ic  
env i ronmen ta l  pressure  and f rom qui te  diverse origins. 

Fig. 3. A replicating microorganism. In the dividing celI 2 nuclear 
clear areas have been formed in which DNA strands are evident. 
The constriction occurs in the cytoplasmic area. Fixation with 1% 
osmium tetroxide buffered at pH 6.8 x 42,000. 

The case approaches  the  l imi t  a t  which  the  ' adap t ive '  
fea tures  to ta l ly  domina te  the  range of observable  charac- 
ters.  In  our own case, using the  d a t a  now available,  the  
a t t e m p t  to  separa te  out  ' adap t ive '  features,  so as to be 
able to assign organisms to monophy le t i c  groups on the  
remain ing  data ,  m u s t  fail - unless the  single d a t u m  of 
GC con ten t  is made  the  absolu te ly  p r i ma ry  cr i ter ion of 
classification. On the  o ther  hand ,  if the  to ta l i ty  of charac-  
ters  is t aken  in to  account ,  differences which  we mus t  
accept  as ind ica t ing  d i f ferent  phyle t ic  origins, i.e. the  
GC ratios,  mus t  be accepted  wi th in  a single group or even 
a single 'species ' .  

W i t h  such an app roach  in mind ,  we have  also included 
in the  Table summar ized  l i te ra ture  da t a  for the  isolates of 
BRIERLEY and BRIERLEY 2, and  for T. acidophila 1. For  the  
la t t e r  we have  included a revised value 9 for the  GC con- 
tent ,  as well as t h a t  originally given. I t  is ap p a ren t  t h a t  
t he  ma in  d is t inc t ion  be tween  the  organism of BRIERLXY 
and BRIERLEu and the  pa i r  MT/S. acidocaldarius is t h a t  
the  former  canno t  grow he te ro t roph ica l ly  and the  extra-  
m e m b r a n e  coat ing  is amorphous .  The d i f ferent ia t ion  of 
T. acidophila is s o mew h a t  more  marked  since it is some- 
w h a t  less thermophi l ic ,  incapable  of au to t roph ic  growth,  
and has no e x t r a - m e m b r a n e  coat ing at  all (cf. the  pro- 
bab ly  equiva len t  da tum,  lack of glucosamine).  Even  so, 
it  would be r a the r  diff icult  to d is t inguish  be tween  T. 
acidophila and  a walI-less form of the  MT series. 

There  is a fu r ther  i m p o r t a n t  link be tween  the  NIT 
isolates, S. acidocaldarius, and T. acidophila. LANGWOR- 
THV e t a l .  ~~ have  shown t h a t  es ter  l ipids are to ta l ly  absen t  
in the  la t t e r  organism,  and all the  major  l ipids are based 
upon a 1, 2 d ie ther  of glycerol ( s te reochemis t ry  unspecifi-  
ed) wi th  a C40 isoprenoid moie ty ,  which  on cleavage (H1 
followed by  reduct ion)  af forded a mix tu re  of hydro-  
carbons,  C40Hs0 and Ca0Hs~. In  a deta i led  s tudy  of the  
l ipids from MT s t ra ins  and  f rom S. acidocaldarius we have  
found t h a t  these  are qua l i t a t ive ly  ident ical  wi th  each 
o ther  and p robab ly  wi th  those  of T. acidophila. The 
glycerol has  the  L-aft- or sn-2, 3-configuration,  as ill the  
dJphy tany l  glycerol e ther  l ipids of ex t r eme  halophiles  n, 
and  the  alkyl  group is b i d e n t a t e  (i.e. l inked to  b o t h  
glycerol  oxygens) ;  on cleavage i t  affords 3 isoprenoid 
alkanes,  viz. C40Hs~ (acyclic), C40Hs0 (monocyclic) and  
C40H78 (bicyclic). These .studies will be e labora ted  in a 
fuller account .  

These cyclodie ther  l ipids are nnique;  w h e t h e r  or no t  
the i r  fo rma t ion  is regarded  as an ' adap t ige '  character ,  
the i r  presence clearly demons t r a t e s  a close re la t ionship 
be tween  T. acidophila and the  pa i r  MT/S. acidocaldarius. 

In  conclusion we would note  tha t ,  as described,  b o t h  
Sul/olobus and Thermoplasma are new genera each con- 
t a in ing  b u t  one species. In  our view the  pe rpe tua t i on  of 
such a procedure  is bound  to  conceal,  r a the r  t h a n  to 
i l luminate ,  the  t axonomic  problem.  We  should prefer  t h a t  
all 4 isolates of the  Table  should be grouped  together ,  a t  
least  for the  t ime  being, and  the  differences be tween  t h e m  
re legated  to  species level (or lower .for the  pai r  MT-Sul- 
/olobus), while a d m i t t i n g  t h a t  any  such group is a ' form/  
h a b i t a t '  a s sembly  and  mos t  p robab ly  polyphyle t ic .  We  
would suggest  t h a t  new isolates  of the  same general  

Fig. 4. Part of a ceil depicting the dense plasma membrane which 
shows the unique membrane structure and the extracellular coat. 
Within this coat, a clear interior and a dark exterior layer can be 
di~tingLisked. In the cytoplasma, a dense cluster of unknown chemi- 
cal composition, small ribosomes and strands of DNA are visible. 
Fixation with 1% osmium tetroxide, buffered at pH 6.8. • 155,000. 
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Sul/olobus acidocaldarius 2 MT series ~ BRIERLEY and BRIERLEY 2 Thermoplasma acidophila a 

Source (~ 76-90 
Source (pH) 1.5-2.5 
Optimum (max)~ 70 75 (75 85) 
Optimum pH 2.0-3.0 
Nutrient tolerance <0.25% 
Size (~m) 0.8-1.0 
Form Irregular spheres, 

(lobed), plastic 
Nuclear region No 
Pili Present, numerous 
Coat Sub-unit array 
Peptidoglycan Absent 
Glucosamine Present (low) 
Vancomycin Resistant 
Novobiocin Sensitive 
Lysis, Na dodecylsulphate Rapid 
Lysis, lysozyme No 
Autotrophy utilizing S, facultative 
Heterotrophy utilizing Aminoacids •  sugars 4- 

(strain-variable) 
Lipids based on Glycerol diether of 

isopranoid C40 
GC content (%) 60-66, 70 

74-89 66-69 56 
1.4 2.6 2.6 2.0 
75 87 (80-89) 60 (75) 60 (65) 
3.0-4.5 2.0 2.0 

<0.20% n.d. <0.20% 
1.0-1.5 1.0-1.5 0.1-3.0 
Irregular spheres, plastic Irregular spheres, plastic Spheres, plastic 

Only in dividing cells No No 
Present, numerous n.d. Present 9 
Sub-unit array Amorphous Absent 
Absent Absent Absent 
Present (low) n.d. Absent 
Resistant n.d. Resistant 
Sensitive n.d. Sensitive 
Rapid ll.d. Rapid 
No ll.d. No 
Fe, S, facultative Fe, S, obligate No 
Aminoacids --, sugars + Obligate autotroph Requires complex media 

Glycerol diether of n.d. Glycerol diether ~ of 
isopranoid C40 isopranoid C4010 
39 45, 48 54-60 24-291, 469 

n.d. = no data. ~ Present work. 

c h a r a c t e r  shou ld  be inc luded  in t h i s  g r o u p  a n d  n o t  ass ign-  
ed to  st i l l  f u r t h e r  n e w  gene ra  ; how eve r ,  we h a v e  r e f r a ined  
f r o m  a f o r m a l  a s s i g n m e n t  of n o m e n c l a t u r e  e i the r  to  or  
w i t h i n  t h i s  g roup ,  t a k i n g  the  v i e w  t h a t  un less  a change  of 
n o m e n c l a t u r e  p r o v e s  g e n e r a l l y  accep tab le ,  i t  is b e t t e r  n o t  
p r o p o s e d .  I n f o r m a l l y  we p r o p o s e  the  g r o u p - n a m e  
Caldariella. 
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Vercelli (Italy). 
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Riassunto.  Si r i p o r t a  l ' i s o l a m e n t o  di u n  n u o v o  mJcro-  
o r g a n i s m o  a c i d o t e r m o f i l o  pe r  m o l t i  a~icetti iden t ico  al 
S. acidocaldarius, m a  n e t t a m e n t e  d ive r so  nel la  c o m p o s i -  
z ione in bas t  del  D N A .  Si d i scu te  d e l l ' o p p o r t u n i t a  di 
c lass i f icare  in u n  un ico  g r u p p o  o l t re  ai due  m i c r o o r g a n i s m i  
gia menz iona t J ,  a n c h e  a l t r i  m i c r o o r g a n i s m i  r~cidotermofili 
simili .  
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Effect of Testes Removal and Androgen Replacement Therapy on Enzyme Levels in 
Hypothalamus and Pituitary of Frog (Rana esculenta) 

T h e  v e r t e b r a t e  h y p o t h a l a m u s  a n d  p i t u i t a r y  are 
i n t i m a t e l y  re la ted ,  in  as  m u c h  as t h e  h y p o t h a l a m u s  
con t ro l s  m a n y  of t h e  h y p o p h y s e a l  f u n c t i o n s ,  a n d  as  
such  these  t w o  o r g a n s  ( h y p o t h a l a m o - h y p o p h y s e a l  s y s t e m  
= H H S )  c o n s t i t u t e  t he  cen t r a l  f e edback  s y s t e m l - K  
T h e  b iochemica l  e v e n t s  w h i c h  cha rac t e r i ze  t h e  v a r i o u s  
p h a s e s  in t he  r e g u l a t o r y  m e c h a n i s m s  of t h e  v e r t e b r a t e  
H H S  are, howeve r ,  p o o r l y  k n o w n  4. A b o u t  t h e  e n z y m i c  
prof i le  of  t h i s  s y s t e m  u n d e r  n o r m a l  a n d  e x p e r i m e n t a l  
cond i t ions ,  t h e  l i t e r a t u r e  is st i l l  m o r e  s c a n t y  ~, 5. 

Since c a s t r a t i o n  h a s  been  f o u n d  to  p r o d u c e  r e m a r k a b l e  
m o r p h o l o g i c a l  a n d  m e t a b o l i c  c h a n g e s  in t h e  H H S  of 
g reen  frog, R a n a  esculenta 6, 7 i t  w a s  ou r  a i m  to  s t u d y  t h e  
effects  of c a s t r a t i o n  u p o n  t h e  e n z y m e  a c t i v i t y  in t h e  
h y p o t h a l a m u s  a n d  p i t u i t a r y  of t h i s  a n u r a n  a n d  to  

e s t a b l i s h  if t hese  c h a n g e s  cou ld  be cor rec ted  b y  t e s tos -  
t e r o n e  p r o p i o n a t e  (TP).  
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