
The Society for Bioscience and Bioengineering, Japan

NII-Electronic Library Service

The  Society  forBioscience  andBioengineering,Japan

76-. - .. .--.  . 
Mian,

[J. Ferment. Technol,,  Vol. 54, No. 2, p, 76N81,

aj. .da.ry and  1'La-zeli.

I97Gj

-.[:J.,.Fermcn!,"T. echnol.,

TheThreshold  Sugar

      Production

 Level for Yeast

from  Molasses'

           F, A. Mian, A. Ajdary, and

Biochemical and  Bioenvironmental Rcsearch Centre

                   ["echnology, Tehran, Iran

Biomass

A, Fazeli

, Arya-rv･Ichr University oi'

                            Abstract

   The productivity of  yeast biemass in molasses  mcdium  is limited by the maximum

speciflc
 growth  

rate
 

and
 
thc

 rnaximum  attainable  biomass. Normally  yeasts growing
at  high rates  in the  presence of' excessive  sugars  are  aflbcted  by catabolite  repressien,

which  results  in the accurnulatiori  of  ethanol  and  a loweT yield coeMci{mt,  In this
communication

 
a
 

relationship
 between increased productiK,ity and  the rep'tessive  efiletct

of  sugar  has bccn studied  during contiriuous  culture  ol' Clandido utilis on  a sugar  beet
molasses

 
medium.

 Sugar concentration  in the culture  medium  ",as  increascd up  to

100
 grams  per liter and  the yeast wus  cultivated  iri a  chemostat  undcr  aerobiosis  (air

supplemented
 with  oxygcn  at  high biomass conccntraLiuns).  1･NSith the increasing

sugar  concentration  in the  medium,  the washout  point  decrcased and  the  
ethanol

production  incrca$ed, although  the dissolved oxygen  level was  ccmtrollcd  near  50 per
cent

 
of

 
its

 saturation  value.  This  caused  a  decrease in yield coefii{//ient  and  productivity,
The

 specific  activities  of  a]cohel  dehydrogcnase and  pyruvate  decarboxylasc incrcased
as

 
well,

 
indicating

 that  glucese  efrlect may  bc functional in C. utilis', a  ycast which  has
normally  becn regarcled  insensitive tu glucose  eff}]ct,
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factory

 is not  very  large. The utilization  of  molasses  at  the sitc ol' its production
is
 
therefore

 bcst to avoid  transport  cost.  For  this purposc high productivity ofyeast  bio-
mass

 
becomgs

 i.nvitable in order  to  make  a  small  scale  preduction unit  economically  feasiblc,
Moreover,

 1imited availability  of  agricultural  lancl in Iran makes  it impcrative to utilize
agricultural  residues  and  by-products, such  as  molasses,  as  fermentation raw  materials.

    
In

 
a
 continuous  culture  system  high productivity (grams cells  produced  per liter of

culture
 per hour) ofyeast  biomass is limited by the  maximum  attainable  specific  growth

rate
 
and

 
the

 maximum  biomass concentration  of  the  culture.  HosN'ever, mest  yeasts are

reported  to be sensitive  to glucose  reprcssion  in a  manner  similar  to  the  Crabtree efll]ct.i)
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loss for products other  than  biomass. These  metabolic  regulations  have been studied  on

an  enzymatic  basis by  several  authors  in S. cerevisiae.5-8)

    C. utitis on  the other  hand, is reported  to be insensitive to glucose efflecti>  with  pre-

dominantly aerobic  metabolic  pathways.9iiO) In a  previous communicationii}  we  have

reported  higher percentage participatien of  pentose phosphate  cyc]c  in the glucose me-

tabolized  by C, utilis  as  compared  with  S. cerevisiae. From  the metabolic  view  point C,

utilis has a  better carbon  balance  towards  biomass accumulation  as compared  with  fer-

mentative  yeast like S. eereevisiae,i2}

    This paper reports  the production of  the  biomass  of  C. utilis on  lranian sugar  beet

molasses  which  becomes  limited duc  to the changes  in metabolic  functions of  the  yeast
caused  by  increasing the  sugar  concentration  in the culture  medium.

Materials  and  Methods

   Organism  1'he strain  of  C, utitis CCY  29-38--40 used  in these  studics  was  obtained  from  the culture

collectien  of  the Institute of  Microbiolegy, Prague, The  yeast was  maintained  by  a  monthly  subculturc

on  agar  slants  containing  glucose 1%, yeast  extract  I%,  peptone 1`}e and  agar  2%.

   Mediurn  and  growth  conditions  Sugar  beet molasses  medium  o{'  the fo11owing cornposition  was

used  (in grams  per liter): sugar  (from beehnolasses), 20., CNH4)2S04, 10., K2HP04,  7,5,, MgS04.7H20,

e.5. In culture  mediu  containing  difllerent cencentrations  of  sugar,  the  other  components  werc  changed

propertionately.  Fer mediurn  prcparatien the molasses  was  diluted with  tap  water  and  boiled fbr 10 to 15

minutms  with  phosphate and  sulfur'ic  acid,  suMcient  to make  pH  of  the  solution  near  4,5. 
'I'he

 niolasscs  
selu-

tien  was  filtered and  supplemented  with  rest  oi' the eomponents,  The  final pH  of  the medium  was  4,5.

   Cultivation of  the  yeast  was  carricd  out  in a  20 t fermcnter (C:hemap AG,,  Manncdorg  Switzcrland).

The  fermenter was  equipped  with  a  draft tube  with  impeller at  the bottom, which  was  operated  at  1,OOO to

2,OOO revlmin.  Generally 1 to 2 vvm  of  air was  supplied  and  in some  cases  the air stream  was  supplemented

with  oxygen  in order  te  keep the dissolved oxygen  levcl ot' the culture  near  50 per cent  of  its saturation  va]ue.

The  dissolved oxygen  was  inenitored  with  an  oxygen  electrode.  pH  of  the  culture  was  rcgulated  at  4,5 by

the 
autematic

 addltion  of  2N  NaOH.  Ternperature during growth  was  30 C, During  continuous  culture

experiments,  the  dilution ratc  (D) equals  specific  growth rate  (p), was  controlled  by adjusting  
the

 
fiow

 
rate

of  the  mcdium,

   Preparation  of  cell-free  extract  Steady-state saniples  (5 to 10 gcnerations of  growth  
undcr

 
un-

changed  environmental  conditions)  were  harvested at  4 C. The  cells  were  washed  twice  with  
ice

 cold  
e.06

 
M

phosphate buflbr of  pH  6.5 and  mixed  with  10 ml  ef  precooled glass beads of  O.4 te O.5 mm  diameter. The

rnixture  was  violent!y  agitated  by a  vibromix  stirrer  foT 5 min,  which  resulted  in 95 per cent  cell  disruption,

The  temperature  was  kept at2  to5  C  throughout  thc operation.  The  glass beads were  sedirnented  
outand

the celE  dcbris and  tha unbroken  ce!ls  were  centrifuged  at  2,OOOxg for 15 minutes.  The  ccll-frec  extract

was  immediately used  for the measurement  of  cnzyme  activities.

   Estimation  of  enzyme  activities  Glucose-6-phosphate dehydrogenase was  measured  according

to the method  ef  Kornbrg  and  Horecker,i3) phosphofructokinase by the method  of  Racker,i4) glyceralclehyde-

3-phosphate dehydrogenase activity  was  determined according  to Warburg  and  Christian,i5) pyruvate decar-

boxylase according  to  Helzer  and  C;oedde,i6) isocitratc dehydrogenase according  to Ochoa,i7) and  alcohol

dehydrogenase accerding  to Racker.iS}

   Analytical  methods  Yeast dry matter  wus  measured  by filtering and  drying the cells  
te

 censtant

wcight.  Pretein analysis  was  performed by  using  the method  of  Lowry  et  al,i9)  Ethanol was  measured

according  to  modifled  method  of  Winnick,20) sugar  by Schaffer and  Sornogyi's method,2i)  and  gaseous ex-

change  measuremcnt  was  performed by manometric  techniqucs,

Results and  Discussion

    Figure 1 indicates the pattern of  specific  activities  of  some  of  the enzymes  involved in
                                                                         acid                                                                              cycle.                                                            tricarboxylic                                                        andglycolysis, pentose phosphate  cycle,  aerebic  fermentation

It is clear  that  in C, utitis  all  the  metabolic  routes  are  operative  irrespective of  the  dilution
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Fig.1. Enzyme  patterns of  C. utitis grown  at  difller-
ent  dilution rates  undcr  aerobiosis  in a  culture

medium  containing  20 gtt sugar.  The  specific

activities  (micrornoLes per  milligrarn  protein per
minute)  correspond  to the steady-state  samples,

(e  
--)

 isocitrate dehydregenase,  ([]-[]) py-
ruvate  decarboxyla$e, (x--× ) glucose-6-pho-
sphate  dehydrogenase, (O-O)  glyceraldehycle-
3-phosphatc dehydrogenase, (e-e)  phospho-
fructokinase.

rate  studied  during continuous  culture  of  the  yeast, 1"hcre is no  sudden  repression  or
derepression of  the  activity  of  any  of  the  enzymes,  rather  they  show  steady  and  uniform

patterns. Under  the  experimental  conditions  used  fbr growth  of  thc yeast (2 per cent  sugar
    chemostaticand               aerobic  growth)  aerobic  metabolism  prevails, even  at  high dilution rates,
Whereas,  in other  yeasts like S. cerevisiae respiratory  and  tricarboxylic  acid  cycle  enzymes

get repressed.4}               These  authors  reported  the onset  of  the Crabtree efllect  above  dilution
rate  value  of  O.2 hr-i. The  value  of  the glucose consumption  rate,  which  increase with
dilution rate,  is considered  to be a  measure  of  the rare  of  glycolysis and  is informative
with  respect  to thc concentration  of  intermediate metabolites,  The repression  of  the
enzyme  formation is a  function of  rate  ef glucosc consumption  and  subsequent  equilibrium

rates  of  metabolic  routes,22)  The  efll]ct of  growth  rate  on  the  enzymatic  activity  has been
depicted        by other  authors.23)

    The high percentage participation of  the  pentose phosphate  cycle  in the  glucose
metabolized  by  C. utilis indicates an  obligatory  aerobic  metabolic  route  in the veast.24}                                                                       i

These  data, in additien  to the  gas¢ ous  exchange  metabolism,  show  that Ibr the purpose
ofbiomass  production from sugary  substrates  like molasses,  C. utilis  is most  suitable,  because
of' its better carbon  balance towards  biomass accumulation.

    Table l shows  the results  ot' experiments  performed to increase the biomass pro-
ductiviL>            utilis. C:ontinuous cultures  were  run  at  diflhrentdilution rates  and  at  different       TOfC,

sugar  conccntrations  in the  medium.  The  maximum  productivity of4.82  gltlhr is achieved
in a  culture  medium  containing  50 gfg of  sugar  and  at  the  dilution rate  ofO.25  hr-i.
Increasing sugar  conccntration  to  100 gfl does not  result  in the increasc of  the  yeast biomass
productivity, although  thc culture  has been running  under  aerobic  conditions.  Another
striking  observation  is that, when  sugar  concentration  in thc culture  medium  was  increased
l)om  2e to 100 gll, the  washout  point gradually dropped, In other  words,  decrease in the
maximum  specific  growth  rate  and  a  lower actual  biomass  concentration  in thc  culture
which  resulted  in a  decreased productivity. Yield ceeMcient  decreased as  well.

    Reduced  biornass production may  be caused  by the repression  ef  the aerobic  metabolic
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Tablel.  Rela

   the productivity of  C
tionship  between the substrate  concentration  and

       . utilis  during continuou$  cultivation.

Substrate
So  (glt)

   20

Dilutien rate
 D  (hr-i)

BiomassX
 Cgtl)

50

100

O.1O.2O,3O.4O.08O.

 15O.

 25O,

 35O.

 08O.15O,

 20O.25

10.210.29.8

 3,O23,822,919.3

 2,339,53e.o19,2

 7.0

Productivitv        '
DX  (g/l/hr)

   L02

  2. 04

  2.94

   1.20

   1.90

   3.43

   4.82

   O. 80
   3, 16

   4.5e
   3. 84

   1, 75

pathways, which  is coupled  with  the  dimnished  specific  oxygen  uptake  by the  organism.25)

To  see  whether  similar  effect  is present in the  yeast used  in the  present investigations

particularly at  high sugar  concentrations,  experiments  were  performed with  varying  sugar

contents  in the  medium  in a  chemostat  and  specific  oxygen  uptake  was  measured  (rrable
2). With  increasing sugar  contents  in the medium  the specific  oxygen  uptake  near  washout

dccreased sharply,  resulting  in the  repression  in oxygen  uptake  by the yeast, During  these

experiments  the culture  was  running  under  aerobic  cenclitions.  However, the repression

is much  lewer than  in S. cerevisiae,i5) where  92 per cent  repression  was  observed  at  5eg/l

glucose in the medium,  while  in C. utitis 49 per cent  repression  occurs  at  a  sugar  concen-

tration of  100 glt.
    Figure 2 shows  that  accumulation  of  ethanol  in the  culturc  increases directly with  the

increase in dilution rate,  particularly in media  containing  a  higher percentage of  sugar.

The  high content  of  ethanol  in the  culture  may  have caused  earlier  washout  in cultures

with  high sugar  concentrations,

Table  2,

   (Dc)Repression
 in terrns of  oxygen  uptake  near  washout

during continuous  cultivation  of  C. utilis,

So(gtt).--  "i. 
of

 9.eLh-,tLn.g-.c-,}iEL- .

Q.o,R

 102030

 50100

182.8192.3159.9110.0

 95s3

Qo,Dc

175,5186.4145.5

 82.5

 48.8

Repression
  (%)

 
'tto'U=sugar

 concenlr'  htion in a{'e'ttu-iture mEdium.

Qo,R=Maximum  specific  oxygen  uptake  for respiration

     (respiratory quotient, RQ.=  1 ) .

4392549

Qo2DC=Spacific exygen  uptake  near  washout  or  critical  dilutien rate,  Dc.
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Fig, 2, Effect ot'  dilution rate  on  the ethanel  produc-
   tion by C, utilis, grown  ullder  aerDbic  conditioJis

   in rnedia  containing  diflttrcnt concentrations  of

   sugar,  (C)-O,) 20 g/l, (A-A,) 50 gfl, (e--e)
   100  g/l.

    Specifie activities  of  the  cnzymes  leading to ethanol  production f'rom pyruvate, i.e.,

pyruvate  decarboxylase and  alcohol  dehydrogenase were  fo11owed in cultures  accumulating

higher ethanol  contents,  The  results  are  shown  in Y'igs. 3 and  4. Both  the enzymes  show

an  increase in their activities  with  increasing concentration  of  sugar  in the mcdium  and

with  dilutien rate.  HQwcver, pyruvate  decarboxylase shows  a  greater increase, which

corresponds  to earlicr  results.26}  Three alcohol  dehydrogenase  isoenzymes have been
recognized  in Sl cerevisiae27)  which  respond  diflk]rently to the physiology ofthe  yeast. NAD-
dependent  alcohel  dehydrogcnase-I, responsible  Ibr ethanol  production, increases in its
activity  when  thc  cells were  deriving energy  through  the fermentative pathway.  It is
shown  in the  results  presented that  thc  activity  of  alcohel  dehydrogenase corresponds  with

the ethanol  production.
    It is concluded  that  in C. utilis there  is a  threshold  level beyond which  th ¢  increase in
sugar  concentration  in the  culture  medium  results in the fermentativc pathway  that  may

be similar  to arabtree eflect.  Below  this  level aerobic  metabolism  predQminates irrespective
of  the dilution rate  in a  continuous  culture  systcm.  Productivity of  biomass  abovc  the

1,5

>t2Fo<

 LO9lotuQco

O,5

O.l O.2  O.5

 D:LUTION  RATE  (HR-1)Q4

Fig, 3. Patterns of  the  activities  of  pyruvate decar-

   boxylase (rnicromoles pcr  milligram  protein per
   ininute)  during continuous  aerobic  growth  of  C.

   utitis, in response  to sugar  concentration  in thc

   mediuirL,  (O-O)  20 gtl, (A-,･tE) Se gtt, (e-
   e) loo g/t.
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Q05

ai  o.2 o,3

   DILUTION  RATE  (HR-1)O,4

Fig. 4. Palterns ol' thc  activities  ot' alcohol  dehyclro-

   genase (mic/roinoles per mil]igram  protein  per

   rninute)  during continuous  acrobic  growth  of  C.

   utitisr in rcsponse
 
to

 
sugar

 
concentration

 
in

 
thc

   mediurn,  (/1')--//.[)) 20 g/l, (A-,1) 50 g/t, (e-
   e) loo git.

thresholclsugar  level declines dueto  crhanolaccumulationwhich  eauses  earlier  washout.
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