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Reduct ion of Incubat ion T i m e  in Citric Acid 
Fermenta t ion  by  Vermicul i te  

Citric acid is s t i l l  w ide ly  p r o d u c e d  b y  sur face  cu l tu re  
m e t h o d s .  T h e  long t ime  of 8-10 days  to comple t e  t he  fer- 
m e n t a t i o n  is a m a j o r  d i s a d v a n t a g e  of t he  process.  T h e  
p r e s e n t  art icle descr ibes  m e a n s  for r educ ing  th i s  i ncuba -  
t i on  t i m e  to  a b o u t  ha l f  t h e  usual .  T h e  m e t h o d  invo lves  
t h e  use  of s y n t h e t i c  s u b s t r a t e s  adso rbed  on ve rmicu l i t e  
g ranules ,  s imi la r  to the  p rocedure  descr ibed  for a m y l a s e  
p r o d u c t i o n  t. 

Materials  and methods. T h e  s t r a i n  of Aspergi l lus  niger 
used  here  is t h a t  o r ig ina l ly  used  b y  SHu a n d  JOHNSON 2 
(No. 72-4) an d  b y  MARTIN et  al. a (No. A-1-233). S tock  
cu l tu res  of th i s  o r g a n i s m  were m a i n t a i n e d  on a modi f ied  
C zap ek -Do x  ag a r  4. Conidia  for  inocu la t ion  of the  f e rme n-  
t a t i o n  s u b s t r a t e  were p r o d u c e d  on s u b s t r a t e  B 2 (see 
below), solidified w i t h  2% agar ,  and  a d j u s t e d  to  p H  5-5.5.  

Th e  i n o c u l u m  was  o b t a i n e d  by  add ing  some  steri le  
w a t e r  to  t h e  sp o ru l a t ed  cu l tures ,  s h a k i n g  v igo rous ly  a nd  
f i l ter ing t h e  s u s p e n s i o n  of conidia  t h u s  ob t a ined  t h r o u g h  
steri le  co t t o n  wool in a g lass  f unne l  u n d e r  asept ic  condi-  
t ions.  T h e  conidia  were w a s h e d  3 t i m e s  in steri le dist i l led 
w a t e r  a n d  an  a l iquo t  was  c o u n t e d  in a h e m o c y t o m e t e r .  
T h e  f e r m e n t a t i o n  s u b s t r a t e s  were inocu la t ed  by  a d d i n g  a 
sma l l  v o l u m e  (abou t  2 ml /250 ml) of th i s  s u s p e n s i o n  to t he  
f e r m e n t a t i o n  s u b s t r a t e  in  bulk,  so t h a t  an  i n o c u l u m  
d e n s i t y  of 5.107 conidia /100 ml  resul ted.  

Tile fol lowing f e r m e n t a t i o n  s u b s t r a t e s  were used  ~. 
S u b s t r a t e  A w h i c h  con t a ined :  sucrose  (purified), 140 g/l ;  
KH2PO~, 1 g/l;  Mg SO 4 �9 7H20 ,  0.25 g/l;  N, 0.87 g/1 (0.055 
as (NH4)2SO,-N,  and  t he  res t  as N H 4 N O s - N ) ;  a n d  HC1 
(distilled), ad d ed  a f te r  a u t o c l a v i n g  (120~ 15 min)  to 
a d j u s t  the  p H  to  3.1. Sucrose was  pur i f ied  accord ing  to 
t he  m e t h o d  of SHU and  JOHNSON 5, u s ing  A12(SO4) a a nd  
N H 4 O H  to o b t a in  a p rec ip i t a t e  of AI(OH)3, which ,  to-  
ge th e r  w i th  ad so rb ed  t race  e lements ,  was  r e m o v e d  by  
cen t r i fug ing .  I n  s u b s t r a t e  B t he  suga r  is no t  pur i f ied  a n d  
t he  a m m o n i u m  n i t r a t e  c o n c e n t r a t i o n  is 2.5 g/1 (0.87 gN/1). 
T h i s  s u b s t r a t e  con ta ins  no a m m o n i u m  su lpha t e ,  s ince no 
pur i f i ca t ion  of t h e  suga r  w i t h  a l u m i n i u m  s u l p h a t e  a n d  
a m m o n i u m  h y d r o x i d e  was  carr ied out .  B o t h  s u b s t r a t e s  

were used  w i th  a nd  w i t h o u t  the  t race  e l e me n t  sup-  
p l e m e n t a t i o n  accord ing  to  SHU a n d  JOHNSON 5, i.e. 
Zn, 0.5 mg/1 (as ZnSO 4 �9 7H20) ,  a n d  Fe, 1.3 mg/1 (as 
FeCI a �9 6 H 2 0  ). All chemica l s  used  were of Ana la r  (Br i t i sh  
D r u g  H o u s e s  Ltd.)  grade.  

For  s t a t i o n a r y  cu l tu re s  w i t h o u t  vermicul i te ,  20 ml  
po r t ions  of i nocu la t ed  s u b s t r a t e  were asep t ica l ly  dis- 
pensed  in 100 ml  steri le 'Dav i s i l '  conical  f lasks.  T h e  ver-  
micul i te  cu l tu re s  were o b t a i n e d  b y  a u t o c l a v i n g  4 g v e r m i -  
cul i te  ( commerc ia l ly  ava i l ab le  'Micafil '  of Sou th  Af r i can  
origin) in the  above  f lasks  a n d  a dd ing  asept ica l ly  15 ml  
of i nocu la t ed  subs t r a t e .  I n c u b a t i o n  t e m p e r a t u r e  was  
25 ~ 

T o t a l  t i t r a t a b l e  ac idi ty ,  citr ic acid, a nd  res idua l  s u g a r  
were d e t e r m i n e d  a t  va r ious  s t ages  of cu l tu re  d e v e l o p m e n t .  
T h e  cu l tu re  f i l t ra tes  were ob t a ine d  b y  a l t e rna t e d  w a s h i n g  
w i th  water ,  a n d  p res s ing  w i th  a r u b b e r  bung ,  of t he  
m o u l d y  ve rmicu l i t e  or t i le m y c e l i u m  m a t  on a piece of 
f i n e - m e s h  fabr ic  in a B t i chner  funnel .  

Citric acid was  d e t e r m i n e d  by  the  m e t h o d  of GODET et  
el. 6, a nd  res idua l  sucrose  was  q u a n t i t a t i v e l y  e s t i m a t e d  
accord ing  to STILES, PETERSON a nd  FRED 7 af te r  h y d r o l y -  
sis of t he  sucrose  b y  boi l ing for 5 ra in  in 0 . 1 N  HC1 fol- 
lowed b y  ne u t r a l i z a t i on  w i t h  0 . 1 N  N a O H ;  t he  r e su l t s  
were ob ta ined  f rom glucose ca l ib ra t ion  curves  a nd  calcu-  
l a ted  as sucrose  equ iva len t s .  

Results  and discussion. As can  be seen f rom F igu re  1, 
t he  i n c u b a t i o n  t ime  to o b t a i n  t he  m a x i m u m  yield of 
citr ic acid is r educed  f rom 10 to 5 d a y s  if ve rmicu l i t e  is 

1 j .  MEYRATH, J. Sci. Fd Agric. 16, 14 (1965). 
2 p. SHu and M. J. JOHNSON, J. Baet. 54, 161 (1947). 
8 R. STEEL, C. P. LENTZ, and S. M. MARTIN, Can, J. Microbiol. 7,299 

(1955). 
The Oxoid Manual (The Oxoid Division, Oxo Ltd., London 1961), 
2nd cd., p. 83. 

5 p. SHIJ and M. J. JOHNSON, J. Baet. 56, 577 (1948). 
6 TH. GODE2 and R. CHARRI~RE, Mitt. Lebensm. Unters Hyg. 37, 

317 (1946). 
H. R. STILES, W. H. PETERSON, and E. B. FRED, J. Bact. 12, 427 
(1926). 
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Fig. 1. Progress curves of citric acid 
production tg citric acid/100 g su- 
gar added) in various substrates 
with and without vermiculite. 
Presence of vermiculite (solid sta- 
tionary cultures) ; �9 = substrate A - 
purified sucrose: [] - substrate A 

trace elements; ~ = substrate 
B+  unpurified sucrose; ID = subs- 
trate B trace elements. Absence 
of vermiculite (liquid stationary 
culturesl: �9 = substrate A with- 
out trace elements; @ = substrate 
A -- trace elements; C) = subs- 
trate B without trace elements; 
D = substrate B 4- trace elements. 
Absence of vermiculite (liquid 
shaken eulturesl : | = substrate A 
without trace elements; C = subs- 
trate A -- trace elements. 
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added  to the  subs t ra te .  This reduct ion  in incuba t ion  t ime 
is due pa r t l y  to a shor ten ing  of the  t ime elapsing unt i l  
measurable  citric acid fo rmat ion  takes  place, and  p a r t l y  
to  a h igher  to ta l  ra te  of p roduc t ion  in the  measurab le  
phase  of the  fe rmenta t ion .  Figure 1 shows also t h a t  th is  
p h e n o m e n o n  is s imilar  in subs t ra tes  A and  B, p rov ided  
t h e y  are supp l emen ted  wi th  t race elements .  Addi t ion  of 
vermicul i te  resul ts  also in a somewha t  reduced  yield of 
citric acid, as can be seen f rom Figure 1. This  has  now 
been shown to  be main ly  due to the  fo rma t ion  of in- 
soluble Mg-ci trate ,  since the  a m o u n t  of exchangeable  Mg 
presen t  in th is  t y p e  of vermicul i te  is app rox ima te ly  14% 
weight /weight .  S t r ic t ly  speaking, the  insoluble por t ion  of 
c i t ra te  should  be t aken  in to  account  also for the  evalua- 
t ion of the  ra tes  of product ion .  This,  however ,  has  been 
omi t t ed  for the  p resen t  discussion. 

The shor t ened  incuba t ion  t ime is obviously  of indus-  
t r ia l  impor tance ,  and while the  p resen t ly  used strain,  
under  the  condi t ions  described, does no t  give yields as 
h igh as are of ten expec ted  in i ndus t ry  there  is g rea t  likeli- 
hood  t h a t  o the r  citric acid s t rains  would reac t  s imilar ly 
towards  addi t ion  of vermiculi te .  This a s sumpt ion  is sup- 
po r t ed  by  the  fact  t h a t  vermicul i te  increases the  overall  
ra te  of me tabo l i sm ra the r  t h a n  shif t ing it qua l i ta t ive ly ;  
th is  increase in metabol ic  ra te  is correct  a t  least  as far as 
ca tabol i sm is concerned,  since the  ra te  of sugar  ut i l izat ion 
in the  presence  of vermicul i te  is a lmost  p ropor t iona t e ly  
increased wi th  t h a t  of citric acid format ion  (Figure 2). 
Fur the rmore ,  as can be seen in Figure 2, the  ra t io  of 
citric acid to  to ta l  t i t r a t ab le  acids (calculated as citric 
acid) follows the  same t rend  over  various s tages of the  
citric acid f e rmen ta t ion  in the  presence as in t he  absence 
of vermiculi te .  No a t t e m p t  has as ye t  been made  to assess 
how far the  ass imi la tory  ac t iv i ty  of the  mould  is affected 
b y  vermiculi te .  

I t  is also of in teres t  t h a t  the  ra te  of amylase  p roduc t ion  
in A.  oryzae is s t rongly  s t imula ted  by  the  presence  of 
vermicul i te  t. There  is some indicat ion t h a t  in th is  mould  
too the  overal l  ra te  of metabol i sm is increased s. Fu r the r -  
more,  evidence has  been presen ted  t h a t  the  s t imula t ion  
of amylase  p roduc t ion  is also pa r t ly  due to the  establ ish-  
m e n t  of a favourable  t race e lement  balance 9, due to ver- 
miculi te  funct ioning  as a cat ion exchanger  w i th  par t icu-  
larly high aff in i ty  for heavy  meta l  ions. The t race  e lement  
r equ i r emen t  in vermicul i te  subs t ra te  of our  A.  niger 
s t ra in  has no t  ye t  been s tudied  in detail ,  bu t  f rom Figure 
1 it is a p p a r e n t  t h a t  the  t race e lements  Fe and Zn, which 
are required in the  liquid subs t ra tes  A and B, are suppl ied 
wi th  the  na tu ra l  vermiculi te .  

F rom earl ier  work the  conclusion has a l ready  been 
reached t h a t  the  s t imula t ion  of the  ra te  of me tabo l i sm by  
vermicul i te  is unlikely to be due to  be t t e r  exchange  of 
gases, since ne i ther  the  ra te  of amylase  p roduc t ion  nor  
the  ra te  of g rowth  in early stages of the  cul ture  develop-  
m e n t  is increased if ve ry  shal low layers of subs t ra te ,  
shaken  cul tures  or deep cul tures are used. Similarly,  wi th  
the  p resen t ly  used strain,  the  mere i m p r o v e m e n t  of the  
ra te  of exchange  of gases does no t  s t imula te  g rowth  of 
citric acid p roduc t ion  if shaken  cul tures are used, as can 
be seen f rom Figure  1 ; in fact  bo th  the  ra te  of g rowth  and 
the  ra te  of citric acid p roduc t ion  are under  these  circum- 
s tances  smaller  t h a n  in surface cultures.  The inh ib i t ion  of 
citric acid p roduc t ion  in shaken cul tures is a r eminde r  of 
the  possible impor tance  of carbon dioxide in citric acid 
synthesis ,  as originally observed by  FOSTER 1~ and  by  
MARTIN et  al. n, 12, since it is possible t h a t  an insuff ic ient ly  
high par t ia l  pressure  of carbon dioxide is es tab l i shed  in 
shaken cul tures  as compared  wi th  surface cultures.  I t  
migh t  be considered t h a t  vermicul i te  improves  access of 

oxygen  and  ye t  does no t  decrease the  carbon  dioxide 
par t ia l  pressure  too s t rongly,  so t h a t  a mos t  favonrab le  
balance be tween  the  2 gases is es tab l i shed  in t he  culture.  
There  is, however ,  no grea t  l ikelihood of th is  being the  
main  reason for tile s t imu la to ry  func t ion  of vermicul i te ,  
since, as is shown in Figure  1, the  ve ry  ear ly  phase  of 
citric acid p roduc t ion  is f avourab ly  inf luenced by  vermi-  
culite. At  th is  stage, t he  e n h a n c e m e n t  of the  ra te  of ex- 
change  of gases should p lay  a minor  role, in v iew of the  
absolu te ly  smaller  ra tes  of up take  of oxygen  and  produc-  
t ion of carbon dioxide per  uni t  vo lume  of the  culture.  
F u r t h e r  expe r imen t s  on th is  subjec t  are in progress  13. 
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Fig. 2. Yield of citric acid (per unit weight of sugar utilized) and 
proportion of citric acid of total titratable acid at various stages of 
the fermentation (indicated by the citric acid content) in trace 
element supplemented substrates A and B. Presence of vermiculite 
(solid stationary cultures): �9 = substrate A, �9 = substrate B 
(g citric acid/100 g sugar utilized); (~ = substrate A, o - substrate 
B (% citric acid out of total titratable acid). Absence of vermiculite 
(liquid stationary cultures): O = substrate A, �9 - substrate B 
(g citric acid/100 g sugar utilized); O - substrate A, (i) = sub- 

strate B (% citric adid out of total titratable acid). 
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Zusammen/assung. In  Gegenwar t  des exfol ier ten Ton- 
minera ls  Vermikul i t  wi rd  die Zitronens~iurebildung durch  
Aspergillus niger besonders  s t imulier t .  Dabei  wird  die 
Induk t ionsphase  verkt i rz t  sowie die gesamte  G/irgeschwin- 
digkei t  im messbaren  Bereich der  Zi tronens/ iurebi ldungs-  
phase  erh6ht .  Die St imul ierung scheint  einzig auf ver- 

besser ten  H au s h a l t  der  Spurene lemen te  zur i ickzuf i ihren 
zu sein. 

J. MEYRATH and  S. A. AHMED 

Department o/ Applied Microbiology and Biology, The 
University o/Strathclyde, Glasgow (Scotland), May 6, 7966. 

A Spindle Analogue in Saccharomyces cerevisiae 
Hansen 

In  a previous  communica t ion  1, an i l lus t ra t ion was pre- 
sented  of a t ubu la r  spindle-l ike s t ruc ture  a round  which  
the  ch roma t in  was disposed as a coiled e lement  in vege- 
t a t ive ly  dividing cells of Saccharomyces cerevisiae (cf. 
Figure 5 of th is  report) .  The exp lana t ion  was offered of 
the  a l ignment  of the  daugh t e r  complemen t s  of chromo-  
somes on th is  s t ruc tu re  as a pre lude  to the  subsequen t  
d i s t r ibu t ion  be tween  the  mo the r  cell and the  bud, wi th  
the  aid of centrosomes.  In  the  p resen t  r epor t  evidence is 
p resen ted  for w h a t  appears  to us as stages in the  forma-  
t ion of such a spindle-l ike element .  

S. cerevisiae, Hansen  (CBS 1171), ob ta ined  f rom the  
yeas t  division of the  Cent raa lbureau  voor Schimmelcul-  
tures  a t  Delft ,  in Hol land,  was the  yeas t  used in these  
invest igat ions .  Ceils were f rom a 24 h growth  on bar ley-  
wor t -agar  m e d i u m  which  was in t u rn  ob ta ined  by  inocu- 
la t ing cells f rom a 16-hour-old synchronized  liquid cul- 
ture,  as detai led in the  earlier communica t ion  1. 1 b a t c h  
of smears  was f ixed in Carnoy 's  fluid for 2 h (Figures 1-7) 
and the  o the r  in Hel ly ' s  (Figure 8) for 10 min 2. The f ixed 
cells were s ta ined  wi th  Giemsa wi th  prior  ex t rac t ion  in 
NaC1 a t  60 ~ for 11/2 h and  hydro lysed  in NHC1 a t  60 ~ 
for 81/2 min i ,  a. 

In  Figure 1 can be seen the  cent ra l ly- located  deeply-  
s ta ined ch roma t in  t h rough  which has emerged a fine un- 
s ta ined tubu la r  s t ruc tu re  wi th  a s ta ined  knob,  giving the  
appearance  of a ge rmina t ing  seed. The cell a t  (a) in 
Figure  2 reveals  the  gradual  e longat ion of the  tube  a t  
one pole of the  ch roma t in  mass. A s ta ined spherical  do t  
is also seen. The c h r o m a t i n  in tile cell in Figure 3 looks 
expanded .  In  Figure  4, t he  cent ra l  uns ta ined  tube  te rmi-  
na tes  in 2 d iv ided s ta ined  ent i t ies  a t  1 pole, and  the  
ch roma t in  is wrapped  round  the  cent ra l  tube  in 2 densely  
s ta ined  coils. The cell in Figure 5 reveals  the  spindle-l ike 
e lement  in a be t t e r  perspec t ive  wi th  the  ch roma t in  
t igh t ly  coiled round.  Figure  6 is suggest ive of loosely 
coiled chromat in ,  and  at  close examina t ion  reveals  3 
dumbbe l l - shaped  and  2 discrete chromosomes  at  the  top  
(arrow). 2 paral lel  complemen t s  of chromosomes  are seen 
in Figure 7. Each  of these  could be seen t e rmina t i ng  in a 
th in  d rawn-ou t  th read ,  converging a t  the  pole in a s ta ined  
dot.  A second s ta ined do t  is seen at  the  o ther  pole. Figure  
8 is p resen ted  to  show t h a t  comparab le  pic tures  were ob- 
t a ined  wi th  Hel ly-f ixed cells also. Here  again, a t  (a) a 
ve ry  fine uns ta ined  tube  is seen piercing the  deeply-  
s ta ined  chromat in .  The anchor ing  of the  ends could also 
be made  out  (arrow). In  cell (b) a similar th in  uns ta ined  
e lement  is seen a t t a ched  to  the  ch roma t in  (arrow). I t  
m a y  be oI in te res t  here  to  recall  the  centr io lar  s t ruc tures  
connec ted  to an uns ta ined  furrow, wi th  a centra l ly-  
s i tua ted  s t a i n e d  mass,  d e m o n s t r a t e d  by  the  h e m a t o x y l i n  
t echn ique  of SUBRAMANIAM 4. 

The s t ruc ture ,  as seen in these  photographs ,  is ve ry  
suggest ive of a spindle e lement .  The individual  and 
divided s ta ined ent i t ies  a t  the  poles, as seen in these  
cells, conf i rm the  earlier d emo n s t r a t i o n  of cent rosomes  

Fig. 1. Early stage in the appearance of the central tube. Ca. x 2800. 

Fig. 2. Elongation of the tube with a eentrosome in cell (a). Dividing 
eentrosomes are seen in cell (b). Ca. x 2800. 

Fig. 3. Chromatin expanded on the tube. Centrosolne seen. Ca. 
x 2800. 

Fig. 4. Tube more clear. Dividing centrosomes at one pole. Ca. 
x 2800. 

Fig. 5. Chromatin coiled round the tube. Ca. • 2800. 

Fig. 6. Coiled appearance of ehromatin. Chromosomes a~anged in 
tiers. Ca. • 3000. 

Fig. 7. Parallel arrangement of chromosomes. Note the 2 thin threads 
converging in a eentrosome. Ca. • 3000. 

Fig. 8. Slender tube piercing through the ehromatin (Helly-Giemsa 
preparation). Ca. • 3000. 
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