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T h e  M o l a r  G r o w t h  Y i e l d s  o f  a R a n g e  o f  

Micro-Organisms 

I t  was r epo r t ed  b y  THORNTON ~ t h a t  w h e n  c a r b o h y d r a t e  
was  t he  fac to r  l imi t ing  g r o w t h  in a m ed i um ,  t h i r t e e n  
species of fungi  gave  a m o l a r  g r o w t h  yield (MGY) of 
b e t w e e n  80 a n d  95 m g  cel lu lar  m a t e r i a l  d r y  w e i g h t / m M  
of glucose util ized. One  excep t ion ,  Dictyuchus sterile, g a v e  
a M G Y  of ha l f  th i s  va lue .  Resu l t s  o b t a i n e d  b y  PIRT a n d  
CALLOW 2 us ing  Penicillium chrysogenum a n d  b y  ~{ORRIS 3 
a n d  WHITAKER 4 us ing  ae rob ic  b a c t e r i a  are in  a g r e e m e n t  
w i t h  a M G Y  of 80-95 mg.  P r e v i o u s  s tud ies  on  yield de t e r -  
ru ina t ion  of fungi  whe re  c a r b o h y d r a t e  was n o t  t h e  l i m i t i n g  
fac to r  i nd i ca t ed  t h a t  a wide  r a n g e  of y ie lds  was  to  be  ex-  
pec ted  (GRAY a n d  BUS~INELL s, LILLY a n d  BARNETt). 

The  work  desc r ibed  in th i s  c o m m u n i c a t i o n  us ing  or- 
gan i sms  of wide ly  d i f fe r ing  p h y l o g e n e t i c  af f in i t ies  was  to  
a sce r t a in  w h e t h e r  a c o n s t a n t  yield cou ld  be  o b t a i n e d  or 
w h e t h e r  t h e r e  was a second  g roup  of o rgan i sms  repre-  
sen ted  b y  Dictyuchus sterile in  w h i c h  t he  M G Y  was ap-  
p r o x i m a t e l y  ha l f  t he  f i rs t  group.  I n  t he  work  to be  
descr ibed  t he  yie ld  of a n  o r g a n i s m  was  m e a s u r e d  as d r y  
weight .  F o r  b a c t e r i a  a n d  a lgae th i s  was  done  b y  w a s h i n g  
a n d  cen t r i fug ing  t h r e e  t imes  in  weighed  cen t r i fuge  tubes ,  
a n d  for  fungi  b y  f i l t r a t i on  of m y c e l i u m  on to  weighed  
f i l ter  p a p e r s  fol lowed b y  w as h i ng  t h e n  d r y i n g  to  c o n s t a n t  
weight .  

The  a m o u n t s  of glucose w h i c h  each  mic ro -o rgan i sm 
could  ful ly  ut i l ize  in  t he  m e d i a  were d e t e r m i n e d  b y  grow- 
ing t h e  mic ro -o rgan i sms  a t  d i f f e ren t  c o n c e n t r a t i o n s  of 
glucose a n d  p l o t t i n g  t he  yie ld  of ce l lu lar  m a t e r i a l  d r y  
w e i g h t  a g a i n s t  glucose ut i l ized.  T h e  c o n c e n t r a t i o n  of  glu-  
cose used in cu l t u r e  for e ach  m i c r o - o r gan i s m  m u s t  fal l  
w i t h i n  t i le  l imi t s  of t he  s t r a i g h t  l ine po r t i on  of  t he  g r a p h  
p r o d u c e d  b y  t h e  m e t h o d  desc r ibed  above .  T h e  d i r ec t  
r e l a t i o n s h i p  b e t w e e n  d r y  we igh t  of m i c r o - o r gan i s m  pro-  
duced  a n d  t he  c o n c e n t r a t i o n  of g r o w t h  l im i t i ng  s u b s t r a t e  
was  f i r s t  descr ibed  b y  MONOD 7 for  a n a e r o b i c  bac te r i a .  

As  t o t a l  c a r b o h y d r a t e  u t i l i z a t i on  was  t h e  a i m  in  all  ex-  
p e r i m e n t s  i t  was  found  t h a t  t h e  q u a l i t a t i v e  B e n e d i c t  t e s t  
for  r educ ing  sugars  was  a d e q u a t e  to  d e t e r m i n e  t he  p o i n t  
a t  w h i c h  comple t e  u t i l i za t ion  of c a r b o h y d r a t e  occu r red  
in t he  m e d i u m .  

All fungi  a n d  t h e  a lga  Prototheca zopfii were found  to  
be  able  to  t o t a l l y  ut i l ize glucose a t  a c o n c e n t r a t i o n  of 
4 g/1 m e d i u m .  

Chlorella miniata a n d  Slichococcus bacillaris, which  
were g rown  in t o t a l  da rkness ,  could  n o t  ful ly  ut i l ize  more  
t h a n  1 g/l, a n d  two  of t he  bac te r i a ,  Sarcina lutea a n d  
Serratia marcescens, were cu l t u r ed  a t  a glucose c o n c e n t r a -  
t ion  of 2 g/1 m e d i u m .  

Results and discussion. F r o m  t h e  resu l t s  g iven  in t h e  
Tab le  t h e  o rgan i sms  e x a m i n e d  a p p e a r  to  fall  in to  two  
fa i r ly  well  de f ined  yield g roups  of 80-90 m g  a n d  49-59  m g  
MGY. 

I t  is un l ike ly  t h a t  t h e  lower  y ie ld  g roup  is t he  r e su l t  of 
pa r t i a l  oxygen  def ic iency  as  al l  o r g a n i s m s  were  g r o w n  in 

The molar growth yield of a range of micro-organisms 

Organism MGY Organism MGY 

1. Ganoderma applanatum 111.5 7. Aspergillus mpens 49.5 
2. Collybia velutipes 87.7 8. Aspergiltus [umigatus 57.3 
3. Morchella esculenta 85.4 9. Rhizopus stoloni[er 56.5 
4. ]Vocardia ~-type 83.0 10. Absidia glauca 49.3 
5. Sarcina Iutea 90.9 11. Chlorella miniata 55.8 
6. Prototheca zop[ii 78.3 12. Serratia marcescens 54.3 

13. Stichococcus bacillaris 59.5 

s h a k i n g  cu l tu re  (120 osc i l la t ions  pe r  min ,  4 cm th row)  in 
f lasks c o n t a i n i n g  smal l  vo lumes  of m e d i u m  (20 ml /100  m l  
conica l  flask), and ,  as s t a t ed ,  all  c a r b o h y d r a t e  c o n c e n t r a -  
t ions  were v e r y  low. The  f inal  p H  va lues  for used  m e d i a  
in  t he  low yie ld  g roup  of o r g a n i s m s  did  n o t  fall  be low 
p H  5.5 e x c e p t  for Aspergillus repens (pH 4.4), and  in  m o s t  
cases t h e  f ina l  va lue  rose a b o u t  one ha l f  a p H  u n i t  h i g h e r  
t h a n  t h a t  of t he  u n u s e d  media .  

A l t h o u g h  resu l t s  a b o v e  a n d  be low these  two  g roups  
m a y  be  recorded ,  t h e  s t a n d a r d  d e v i a t i o n  of t he  yie ld  m a y  
a c c o u n t  for  th is .  L o w e r  g r o w t h  yie lds  are,  i n  add i t ion ,  
o f t en  assoc ia ted  w i t h  ac id  sec re t ion  l ead ing  to  a n  ineffi-  
c i en t  u t i l i za t ion  of s u b s t r a t e ,  e.g. Prototheca zopfii, Asper- 
gillus niger (TERROINE a n d  WURMSERS), a n d  31erulius 
tacrymans (THORNTON 1 a n d  u n p u b l i s h e d ) .  HADJIPETROU 
et  at. 9 h a v e  s h o w n  t h e  M G Y  of A erobacter aerogenes to  be  
72.7 g b u t  do n o t  s t a t e  t h e  .final p i t  of t h e  m e d i u m .  

Yie lds  i n t e r m e d i a t e  b e t w e e n  t he  two g roups  h a v e  been  
recorded  b y  SAMEJIMA a n d  MYERs lo for Chlorella pyrenoi- 
dosa (MGY of 66.5 g on  glucose w i t h  n i t r a t e  as n i t r ogen  
source  a n d  73.9 g w i t h  u r ea  as n i t r o g e n  source),  b u t  
t h r o u g h o u t  t h e i r  e x p e r i m e n t s  no t e s t  for  t o t a l  ca rbo-  
h y d r a t e  u t i l i z a t i on  was made .  I n  a d d i t i o n  glucose was 
suppl ied  a t  a c o n c e n t r a t i o n  of 10 g/1 m e d i u m .  T h e y  do, 
however ,  r ecord  a M G Y  of 88.4 g for Chlorella ellipsoidea 
on  glucose w i t h  urea .  

T h o u g h  some yields  well  in  excess of a M G Y  of 100 g 
h a v e  b e e n  recorded  [Ganoderrna applanatum 111 g, Heliscus 
lugdunensis 111 g on  sucrose, Tricladium splendens 111 g 
o n  sucrose (THORNTON 1), a n d  Torulopsis utilis 108 g on  
glucose (OLSEN a n d  JOHNSOn ~)] i t  is d o u b t f u l  t h a t  th i s  
cons t i t u t e s  a t h i r d  yie ld  g roup ,  b u t  is due  to a n  u n u s u a l l y  
h i g h  eff ic iency of conve r s ion  of c a r b o h y d r a t e  to  ce l lu lar  
ma te r i a l .  

F r o m  t h e  r e su l t s  o b t a i n e d  here  a n d  b y  o t h e r  workers  re-  
ferred to  in  t h e  t ex t ,  a t  l eas t  t h i r t y  ae rob ic  micro-  
o rgan i sms  h a v e  been  e x a m i n e d  w i t h  glucose as t h e  f ac to r  
l imi t ing  g r o w t h  in  t he  m e d i u m .  All o rgan i sms  e x a m i n e d  
fall  i n to  t he  h i g h  y ie ld  group,  e x c e p t  e igh t  ( inc lud ing  
Dictyuchus sterile) w h i c h  gave  a u n i f o r m l y  low yie ld  as  
s h o w n  in  t h e  Table .  F r o m  these  r e su l t s  a n d  t h o s e  of 
THORNTON 1 i t  is e v i d e n t  t h a t  y ie ld  is n o t  r e l a t ed  to  
p h y l o g e n y  as d e m o n s t r a t e d  b y  t h e  algae,  bac te r i a ,  a n d  
fungi  (especial ly p h y c o m y c e t e s )  examined .  

Zusarnmenfassung. Von  30 v e r s c h i e d e n e n  Mikroorgan i s -  
men,  in  S u b s t r a t e n  m i t  k le iner ,  w a c h s t u m s b e g r e n z e n d e r  
Z u c k e r k o n z e n t r a t i o n ,  k a m e n  23 au f  e in  Zel lgewicht  yon  
80-90 m g  u n d  7 au f  ein solches y o n  49-59  m g  p ro  m M  
Glucose.  
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