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u n t i l  a f te r  12 h i t  is p r e s en t  on ly  as a t race ,  a n d  a f t e r  
24 h is absen t .  Th i s  p ro t e in  b a n d  is found  to  be  s t rong ly  
p r e s e n t  in  the  la te  e m b r y o  and  aga in  in the  f i rs t  ins tar .  
I t s  b e h a v i o u r  in  succeeding  in s t a r s  is s imi la r  to  t h a t  
s h o w n  in t he  F igure  for t he  3rd ins tar .  I t  h a s  n o t  been  
found  to be p re sen t  in  i m m a t u r e  or m a t u r e  adul ts .  

None  of the  o the r  b a n d s  h a v e  b e e n  found  to show th i s  
cyclical  b e h a v i o u r ;  however ,  a r o u n d  t he  per iod  of t he  
moul t ,  d iges t ion of s t a r c h  a t  the  p o i n t  of i n se r t i on  of t he  
sample  suggests  the  occurrence  of c a r b o h y d r a s e s  a t  t h i s  
t ime.  

Discussion. The  only  c o m p a r a b l e  s t u d y  is t h a t  of 
STEINHAUER a n d  STEPHEN 7 on Periplaneta. These  work-  
ers us ing  p a p e r  e lec t rophores is  de t ec t ed  on ly  th ree  dis- 
t i n c t  bands ,  and  t h e y  found  t h e m  to  be  p r e s en t  in  all 
s tages  of cockroach  deve lopmen t .  I t  is of i n t e r e s t  to  no te  
t h a t  t he i r  b a n d  2 was the  m o s t  va r i ab l e  in  i ts  behav iour ,  
showing  d i s t inc t  s imi la r i ty  w i th  b a n d  14 in t he  p r e sen t  
inves t iga t ion .  Unl ike  b a n d  14, however ,  wh ich  r eached  a 
p e a k  of c o n c e n t r a t i o n  a t  t he  t ime  of t h e  m o u l t  and  dis- 
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Diagramnlatie representation of starch electropherograms of locust 
hemolymph samples made during late second and early third instars. 
The intensity of staining of the bands is represented by the relative 

thickness of the bands in the diagram. 

appea red  soon a f t e r  this ,  STXlNHAUER and  STEPHEN "/ 
record  t he i r  b a n d  2 as a b s e n t  on ly  for a sho r t  t i m e  in t h e  
i n t e r m o u l t  per iod.  Moreover,  while  b a n d  14 was a b s e n t  
in  all t he  a d u l t  locusts  examined ,  STEINHArlE~ a n d  
STEPHEN7 found  b a n d  2 c o n t i n u e d  to be  p r e sen t  for 3 -4  
weeks in a d u l t  ma le  cockroaches ,  and  for some days  in 
a d u l t  females,  i t  would the re fore  a p p e a r  p r o b a b l e  t h a t  t he  
b a n d  2 of STEINHAUER and  STEPHEN 7 cor responds  to  a 
n u m b e r  of t he  b a n d s  appea r ing  on  the  s t a r c h  e lectro-  
p h e r o g r a m  of which  b a n d  14 is b u t  one. An  electro-  
phore t i c  s t u d y  of t he  e lu ted  b a n d  2 of STEINHAUER a n d  
STEPHEN 7 would  be  of cons iderab le  in teres t .  M I S S E L I J N  
et  al. s, in  an  aga r  gel e lec t rophore t i c  s t u d y  of t he  hemo-  
l y m p h  of t h r ee  species of Triatoma, b o t h  m a t u r e  a n d  im- 
ma tu re ,  r ecord  no  differences w i t h  respec t  to  age in t he  
ind iv idua l s  wh ich  t h e y  examined .  Similar ly,  COLES 9 
no t ed  no  large  p ro te in  changes  associa ted  w i t h  m o u l t i n g  
in Rhodnius. No record  of a s imi lar  m o u l t i n g  p ro t e in  
f rac t ion  occur r ing  in ho lome tabo lous  insects  has  been  
found.  The  absence  of o the r  records  is p e r h a p s  u n d e r -  
s t andab le ,  for i t  is on ly  b y  regular  s ampl ing  t h r o u g h o u t  
t he  en t i re  d e v e l o p m e n t a l  s tages  of t he  insec t  t h a t  cyclical  
changes  such  as th i s  become  a p p a r e n t .  

I t  would  a p p e a r  p robab l e  t h a t  t he  b a n d  is i n t i m a t e l y  
associa ted  w i t h  mou l t i ng  in some way,  and  f u r t h e r  a t -  
t e m p t s  are be ing  m a d e  to inves t iga t e  this.  In  th i s  con tex t ,  
i t  is of i n t e r e s t  to  no te  t he  s imi la r i ty  in t he  cyclical  be- 
h a v i o u r  of b a n d  14 in the  locust  h e m o l y m p h  and  in t he  
mi to t i c  a c t i v i t y  of t he  p ro tho rac i c  gland~5 in v iew of t he  
guggest ion b y  WILLIAMS x6 t h a t  the  secre t ion of t he  pro-  
thorac ic  g land  m a y  cor respond  to, or be associa ted  w i t h  
a p ro t e in  f rac t ion.  

Rdsumd. Une  6tude  6 lec t rophor6 t ique  de l ' h ~ m o l y m p h e  
aux  divers  s tades  de d 6 v e l o p p e m e n t  du cr iquet ,  Locusta 
migratoria migratorioides, r6v~le la pr6sence d ' u n e  frac- 
t ion  p ro t6 ique  d o n t  le c o m p o r t e m e n t  senible  ~tre li6 au 
cycle de la mue.  
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Growth of S o m e  Chemoautotrophic  Bacteria at 
Different Oxygen Tens ions  

I n  aerobic  c h e m o a u t o t r o p h i c  bac te r ia ,  molecu la r  oxy-  
gen acts  as a f inal  e lec t ron  acceptor  in  the  o x i d a t i o n  of 
t he  inorganic  subs t r a t e s ;  the  oxygen  t h e r e b y  be ing  re- 
duced  to water .  A m a x i m u m  a m o u n t  of ene rgy  is pro- 
duced  in these  processes on wh ich  g r o w t h  and  o the r  
ene rgy -consuming  processes are d e p e n d e n t .  

I t  is well  k n o w n  t h a t  mos t  c h e m o a u t o t r o p h i c  bac te r ia ,  
despi te  the i r  obv ious  aerobic  na tu re ,  are di f f icul t  to  cul- 
t u r e  on  solid med ia  a l t h o u g h  t h e y  m i g h t  g row read i ly  in 

l iquid  cu l tu res  where  the  di f fus ion of oxygen  is m u c h  
slower. Th i s  d i s c r epancy  ha s  some t imes  been  ascr ibed  to 
a h a r m f u l  effect  of the  aga r  or o t h e r  gelling agents .  Such  
a n  e x p l a n a t i o n  seemed un l ike ly  and  an  i nves t i ga t i on  was 
in i t i a t ed  to f ind ou t  w h a t  effects oxygen  m i g h t  h a v e  on  
t he  g r o w t h  a n d  s u b s t r a t e  ox ida t ion  in some c h e m o a u t o -  
t roph ic  bac te r i a ,  viz. Nitrosocystis oceanus, Nitrosomonas 
europaea, Nitrobacter agilis, and  Thiobacillus thiooxidans. 

The o rgan i sms  were sp read  b y  means  of a glass rod  on 
t h e  surface  of m ine ra l  aga r  med ia  us ing  Oxoid I o n - a g a r  
no. 2 as sol id i fy ing agent .  The  s u b s t r a t e s  were 1.0% 
Na2S20 ~ (T. thiooxidans), 0.2% NH4C1 (N. oceanus), 
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0 .25% (NH,)~SO 4 (N. europaea) a n d  0.03% NaNO~ (N. 
agilis). As a c a r b o n  source, excess CaCO 8 was used for t he  
two a m m o n i u m - o x i d i z e r s  a n d  0 .15% K H C O  a for  N.  
agilis. F o r  T. thiooxidans 10% CO 2 was added  to  t he  gas 
mix tu res .  E a c h  p la t e  c o n t a i n e d  exac t ly  20 ml  of med ium.  
The  cu l tu res  were i n c u b a t e d  a t  r oom t e m p e r a t u r e  in  
e v a c u a t e d  ja rs  refi l led w i t h  t he  desired oxygen-n i t rogen-  
COs mix tures .  Fol lowing i n c u b a t i o n  the  aga r  surfaces  
were  f i rs t  e x a m i n e d  u n d e r  t h e  microscope us ing  a low 
magn i f i ca t ion  lens a n d  t he  med ia  were t h e n  ana lyzed  
chemical ly .  Sul fa te  was  d e t e r m i n e d  g rav ime t r i ca l l y  as 
BaSO, ,  and  n i t r i t e  co lor imet r ica l ly  b y  t he  s t a n d a r d  
Gr iess - I losway m e t h o d .  

Results. No ox ida t ion  of a m m o n i u m  or n i t r i t e  occurred  
w h e n  t he  n i t r i fy ing  bac t e r i a  were exposed  to a concen-  
t r a t i o n  of 90% oxygen  (Table) and,  as could c o n s e q u e n t l y  
be  expected ,  t h e r e  was  no  g r o w t h  on  any  of t he  p la tes .  
Moreover ,  cells of N. oceanus exposed  to 90% oxygen  for  
t h r ee  weeks  would  no t  grow or  n i t r i fy  w i th  a f u r t h e r  incu-  
b a t i o n  u n d e r  lower oxygen  tens ion .  I n  air,  s u b s t r a t e  
ox ida t i on  b y  N. oceanus or N. agilis was good, b u t  on ly  
a t r ace  of n i t r i t e  was  p roduced  b y  N. europaea. There  was 
some g r o w t h  of N. oceanus; microcolonies  consis ted  of 
a b o u t  30-50 ceils or  less a f t e r  t h r ee  weeks of i ncuba t ion .  
I n  some cases, t he  l a t t e r  o rgan i sm would n o t  grow a t  all. 
A t  a low oxygen  t ens ion  (2.3%), s u b s t r a t e  ox ida t ion  b y  
N. europaea was more  r ap id  t h a n  in air, b u t  a t  a s lower  
r a t e  t h a n  t h a t  found  w i t h  t he  two o t h e r  nitr if iers .  Because  
t he  cu l tu res  of N. europaea a n d  N. agilis were b o t h  con- 
t a m i n a t e d  w i t h  morpho log ica l ly  s imi la r  h e t e r o t r o p h i c  
bac te r ia ,  t he  g r o w t h  of these  n i t r i f ie rs  could no t  be  de ter -  
m i n e d  w i t h  ce r t a in ty .  On t he  o t h e r  hand ,  g r o w t h  of N.  
oceanus on solid m e d i u m  i n c u b a t e d  a t  the  lower oxygen  
t ens ion  was  a b u n d a n t  w h e n  c o m p a r e d  to p la tes  i n c u b a t e d  
in air. Mos t  microcolonies  cons is ted  of a t  leas t  200 ceils, 
some colonies were even  larger.  T he  colonies seemed to be 
r a t h e r  loose, since t h e y  were easi ly r u p t u r e d  w h e n  a cover-  
glass was  p u t  on  t he  agar  surface.  The  single cells t h u s  
se t  free were all moti le .  No cys t  f o r m a t i o n  was obse rved  
on  a n y  pla te .  

I n  a n o t h e r  e x p e r i m e n t  N. europaea and  N. agilis were 
inocu la t ed  on  agar  med ia  c o n t a i n i n g  14C as Na214CO3. 
A l t h o u g h  s u b s t r a t e  ox ida t ion  h a d  t he  same t r e n d  w i t h  
respec t  to  t he  a m o u n t  of oxygen  in  t he  gas phase  as 
shown  in t he  Table ,  14C i n c o r p o r a t i o n  was g rea t e s t  a t  t he  
lower  oxygen  concen t r a t i on .  N. europaea h a d  mos t  ~4C 
u p t a k e  in 2.3% oxygen  and  N. agilis in  air. 

W i t h  T. thiooxidans t h e  h i g h e r  oxygen  t ens ion  also h a d  
a m a r k e d  effect, on ly  smal l  a m o u n t s  of su l fa te  were pro-  
duced  a n d  g r o w t h  was poor.  I n  some e x p e r i m e n t s  no  
g r o w t h  could be  de tec ted ,  on ly  s ca t t e r ed  cells f rom the  
i nocu lum be ing  presen t .  I n  a i r  T. thiooxidans grew fa i r ly  
well  b u t  n o t  as well  as w i t h  a lower oxygen  tens ion .  
E l e m e n t a r y  sulfur  p r ec i p i t a t ed  in a n d  a r o u n d  the  colonies 
u n d e r  b o t h  sets  of condi t ions ,  b u t  t he re  was cons ide rab ly  
more  p rec ip i t a t e  in  t he  p la t e s  exposed  to  low oxygen  ten-  
sion, pa r t i cu l a r l y  in  t he  a reas  w i t h i n  the  colonies. I n  a 
l a t e r  e x p e r i m e n t  t he  g rea t e s t  a m o u n t  of s u b s t r a t e  ox ida-  
t i on  occur red  in a i r  followed b y  2.3% and  0.1% oxygen  
concen t r a t i ons .  

As judged  f rom the  a b o v e  results ,  molecula r  oxygen  
seems to  h a v e  a d u a l  effect  on  n i t r i fy ing  b a c t e r i a  a n d  T. 
thiooxidans. The  o x i d a t i o n  of t h e  inorganic  s u b s t r a t e s  is 
genera l ly  e n h a n c e d  w h e n  t he  pa r t i a l  pressure  of oxygen  
is increased,  whereas  g r o w t h  is depressed.  The  fac t  t h a t  
a l m o s t  no  n i t r i t e  was  p roduced ,  or ox id ized  in  t h e  case of 
N. agilis, in  90% oxygen  m u s t  ref lect  t he  absence  of 
g r o w t h  a n d  no t  of a n  i n h i b i t i o n  of s u b s t r a t e  ox ida t i on  
pe r  se. T h a t  s u b s t r a t e  o x i d a t i o n  rea l ly  is s t i m u l a t e d  b y  
inc reased  o x y g e n  t en s i on  ha s  b e e n  d e m o n s t r a t e d  us ing  

W a r b u r g  t echn iques  w i t h  r e s t ing  cell suspens ions  of N.  
oceanus 1. A doub l ing  of oxygen  c o n s u m p t i o n  d u r i n g  t he  
f i rs t  h o u r  was o b t a i n e d  in 90% oxygen  as compared  w i t h  
cells r esp i r ing  in air.  Oxygen  u p t a k e  was a p p r o x i m a t e l y  
20% lower  in  a c o n c e n t r a t i o n  of 2 .3% oxygen  in t he  gas 
phase  t h a n  in air.  

A s t i m u l a t i n g  effect  of e l eva ted  oxygen  t ens ions  on  
s u b s t r a t e  o x i d a t i o n  b y  N. europaea a n d  N. winogradskyi 
(wi th  s u b s e q u e n t  l e t h a l  effect!) was  d e m o n s t r a t e d  b y  
MEYERHOF m a n y  years  ago3. I t  h a s  also been  obse rved  
t h a t  v igorous  ae r a t i on  of l iquid  cu l tu res  of N. agilis a t  
t he  b e g i n n i n g  of t h e  g r o w t h  per iod  pro longed  t he  lag 
phase  3. R e c e n t l y  Sc~6N ~ d e m o n s t r a t e d  t h a t  t h e  g r o w t h  
of N. winogradskyi was i n h i b i t e d  w h e n  the  o rgan i sm was 
exposed  to  95% oxygen,  whereas  the  ox ida t i on  of n i t r i t e  
would  proceed  l inear ly .  

A discussion,  inc lud ing  some t h e r m o d y n a m i c M  aspec ts  
for s i m u l t a n e o u s  s u b s t r a t e  o x i d a t i o n  a n d  ass imi la t ion  in 
aerobic  c h e m o a u t o t r o p h i c  bac te r ia ,  will be  p u b l i s h e d  
separately",*.  

Subs t ra te  ox ida t ion  by  n i t r i fy ing  bac te r ia  and  Thiobacillus thio- 
oxidans at  different  oxygen concentrat ions.  Incuba t ion  t ime was 3 

weeks for the nitrifiers,  10 days  for T.  thiooxidans 

Oxygen Nitrosocystis Nitrosomonas Nitrobacter Thiobacillus 
% oceanus europaea ag i l i s  thiooxidans 

/zg /zg mg  

NO2-N/plate NO2-N/plate SO~-S/plate 
produced consumed produced 

90 10 0 40 12.6 
21 (air) 840 2 1190 56.0 

2.3 630 72 580 84.2 

Rdsumd. Les bac t6r ies  su ivan t e s :  Nitrosocystis oceanus, 
Nitrosomonas europaea, Nitrobacter agilis et  Thiobacillus 
thiooxidans on t  6t6 cul t iv6es  en  mil ieu solide dans  une  
a t m o s p h S r e  d o n t  on  a var i6  la t e u e u r  en  oxyg~ne.  On a 
t r o u v 6  que  la croissance de rou te  ces bac t6r ies  a 6t6 
arr~t6e en  pr6sence d ' u n  exc~s d 'oxyg6ne  (90%).  D ' a u t r e  
p a r t  l ' o x y d a t i o n  de l ' a m m o n i u m  du n i t r i t e  e t  du  th io-  
su l fa te  n ' a  pas  6t6 inhib6e  p a r  oxygSne. 
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