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Production by Yeast'
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   Favorable reaction  conditions  were  sought  for CDP-cholinc  production from  CMP
and  choline  compounds  by Chndida sp.  N-25-2. CDP-choline  production ffom aMP
and  choline  was  achieved  by the  additien  of  toluol to intact cells  or  dried cells.  An
examination  ofthe  effects  ofcholine  compounds  on  CDP-choline production revealed  that

phosphoryl choline  and  choline  chloride  gave comparably  high yields of  CDP-choline,
but the addition  of  choline phosphate in high concentration  decreased the  yield. The
effects  of other  factors, for example,  the concentratien  of  glucose, phosphate, MgS'  and
intact cells,  on  CDP-choline production were  also  studied.  Under optimal  conditions,

a  high rate  of  conversion  of  CMP  to < DP-cheline  of80--87%  was  obtained.

   Further, the effect  ofATP  on  CMP  phosphorylation and  CDP-choline produetion
was  investigated in several  yeast strains.  ATP  was  found to enhance  CTP  production
but not  CDP-choline  production.

  CDP-choline is an  important  intermediate
in the  biosynthetic pathway  of  phospholipid,
and  an  effective drug for various  brain
iajuries. Hitherto it has been prepared  by
chemical  methods.S)  Reccntly, Tochikura
et  al.,S'  Kimura  et al.,`J Kariya et  aL"  and

Miyauchi  et al.S' reported  the formation of

aDP-choline by  microorganisms.

  In the  previous paper,`J we  reported  the

preparation of  yeast cells  for CDP-choline

production. This paper  deal with  the optimal
reaction  conditions  fbr CDP-choline  pro-
duction by  Cantti`la sp.  N-25-2.

 Pteparations  ef  yeast cells  Cultured yeast
cells  were  collected  by centrifugation  at 3,OOO rpm  for
10 min,  washed  twice  with  distilled water,  and  re-

suspended  in 2oo mM  phosphate buffbr (pH 7.0).
Washed  cells  were  also  dried by lyophilization or  in
air  after  acetone  treatment.

 Enzyme  reaction  The standard  reaction  mixture

is shown  in Table 2. [he mixture  was  incubated

Tablc  1.Composition of  rncdium.

Materials  and  Methods

 Microorganisms  :rhe yeasts used  were  from
stock  cultures  in our  laboratory.
 Culture method  Strains were  cultured  at  30ea
for,24--48 hr with  shaking  in 500-ml  flasks containing

100 ml  of  the  medium  shown  in Table 1.

'
 Enzymatic  Studies on  Nucleic Acid Related Com-
 pounds  of  Microorganisrns {V)
   Abbrcviation. CR,  cytidine;  CMP,  cytidine-5'-

 monophosphate;  CDP,  cytidine-5'-diphasphate;

 erP, cytidine-5'-triphosphate;  AMP,  adenosine-5'-

 monophosphate;  ADP, adenosine-5'-diphosphate;

 ATP,  adenosine-5'-triphosphatc;  CDP-choline,
 cytidine  diphosphate choline.

Canc molasses  (as sugar)
(NH`)sHPO`
KHdi04

Mgso,･7Hto
PeptoncYeast

 extract

3.0 (%)O.2O.2O.1O.5O.2

pH  6.0

Tablc  2.Standard  reaction  mixtttre.

GlucoseNasCMP･4HsO

(]holine compound

MgS04･7HsO

Potassium phosphate  buffer (pH 7.0)
Cells (as dry cell  weight)

Toluol

400  mM

 20 "

 50 "

 15 m2oo

 "

 5%  (wtv}
 5%  (vtv>

pH  7.0
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under  continuous  reciprocal  shaking  at  30eC, and  the
reaction  was  stoppcd  by heating the  mixture in boiling
water  for 5 min.

 Aiialyt{cal methods  Cytidine, aMP,  CDP,
CTP  and  CDP-choline  were  detemined  by  papeT
chremategraphy  as  reported  previously,G) andi  this

identity was  confirmed  by high voltage  paper electro-

phoresis.

        Results  and  Discussion

  Effbct of  toluol  and  surfactants  on

CDP-cholineproduction  Kimuraetal."

reported  that  water  content  of  yeast cells

greatly affected  the  formation of  CDP-
choline.  Nevertheless, we  sought  an  econom-

ical process fbr producing CDP-choline with
intact cells  of  thnditia sp.  N-25-2. In this

experiment,  both intact and  dried cells  were

used.

  As  shown  in Table  3, in the  absence  of

toluol, CDP-choline was  formed by acetone-

dricd ceds,  but not  by intact or  lyophilized

cells, which  instead produced cytidine  from
CMP.  In the  presence of  toluol, however,
the  decomposition of  CMP  to cytidine  was

repressed  and  the  forrnation of  CDP-choline
was  strikingly  accclerated.  These  effects

Table  3.

WsrA)iABE  et al.                    W. Ferment. Technol.,

were  observed  in both lyophilized cells  and

intact cells. Two  surfactants  tested  with

intact cells  were  ineffective for CDP-choline

production.
  Based on  these results,  the CDP-choline

productivity ofintact  cells  in the  presence of
toluol was  examined  further.

  Effbct of  choline  compeundis  on  CDP-
cheline  production  CDP-choline bio-
synthesis  is known  to  involve the  phosphory-
lation of  CMP  to CTP,  and  the  addition  of

phosphory1 choline  to CTP  to form CDP-
choHne.  In addition  phosphory1 choline  is
formed by the  phosphoryIation of  choline.

  The  eflects  of  choline  compounds  on  CDP-
choline  production by CZtnditla sp.  N-25-2
were  examined,  and  the  results  are  shown  in
Fig. 1. With choline  chloride  and  phos-
phory1 choline,  the fbrmation of  CDP-
choline  increased proportion to  the  concen-

tration of  the  choline  compound,  and  the

yields of  CDP-choline from these  compound

were  similar.  On  the other  hand, a  high
concentration  of  choline  phosphate repressed
the formation of  CDP-choline. This mecha-

nism  was  studied  in detail and  will  be reported

elsewhere.

Effect of  additives  on  CDP-cho!ine production by  thndido sp.  N-25-2.

Yield
Enzyme  seurce Additive

CDP-cholineCytidine

Acetone-dried cells

Lyophilized cells

     "

     "

     mIntact

 ce]ls

     "

     "

     "

     "

     "

     "

     "

Toluol
  m

  .e

Toluol
  "

  "SLS*

  mCTAB*.

  m

nonenone

 1%  (vlv)
 3

 5nene

 1%  (vlv)
 3

 5

 O.2%  (wlv>
 1.0

 O.1%  (wJv)
 O.5

9.6 (mM)
 O.8

 9.814.2l5.0tracc

 8.214.414.8

 1.2

 O.8

 1.0

 e.6

2.0 (rnM)
6.21.8trace"7.62.8trace"6,46.B5.96.0

 *  Sedium  laury1 sulfate
**

 C:etyltrimethyl ammonium  bromide
[Mhe reaction  mixture  was  as  described in Table 2 except  that taluol was  replaced

by the additives  shown  above.  Phosphoryl choline  was  used  as  choline com-

pound,  and  incubation was  carried  out  with  shaking  at  300C for 16 hr.
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Fig. 1. Effect ofcholin ¢  cornpounds  on  CDP-choline

   production by Cdadidu sp.  N-25-2.
   The  reaction  mixturc  was  as  described in Table 2
   except  for the conccntrations  of  choline  compounds.

   Intact celis  were  used,  and  incubation was  canied

   out  with  shaking  at  30eC  for 16 hr.
   e, chorine  phosphate; A, cholin¢  chloride;

   × , Ca. phosphoryl cheline  chloride.

  Efllect of  other  several  factors on  CDP-
choline  production  To  establish  the

optimal  conditions  for CDP-choline pro-
duction by  Candi`la sp. N-25-2, the cflbcts  of

several  factors were  studied.

  The  effect of  phosphate  concentration  is
shown  in Fig. 2, which  reveals  an  optimum

of  at  least 120 mM.

  Glucose is important as  an  energy  source

for phosphorylation of  nucleotide  and  choline.

20

EE
 [sBE5.'

 10:ts-Eal

 53

             100 2oo  Soo

       Concentratien of phesphate  buffer tmM)

Fig. 2. Effifct of  phosphate concentration  on  CDP-
   cholineproduction.

   The  reaction  rnixture  was  as  described in Table 2
   except  for phosphate buffler concentration.  Choline

   chloride  and  intact cells  were  used,  and  incubation

   was  carried  out  with  shaking  at  30eC  for 16 hr.

As  shown  in Fig. 3, the  optimal  concentration

of  glucose lay abeve  400 mM.

  The  effect of  Mg"  concentration  was  also

investigated. As shown  in Fig. 4, the addition

of  Mg"  enhanced  CDP-choline production,
and  I5 mM  was  a  suMcient  concentration.

Even  without  addition  of  Mg",  however,
CDP-choline was  formed, probably due to
the  presence of  endogenous  Mgl' in cells.

20

sS
 t5gEts.o

 10.E-o=?tr

 5ao

          2oo  4co  6co  8oo  ICX)O

        Concentratlen ot  glucese {mM }

Fig. 3. Eflbct of  glucose concentration  on  CDP-choline
   production.
  The  reaction  rnixture  was  as  described in Table  2
   except  for glucose concentration.  Choline chloride

  and  intact cells  were  used,  and  incubation was

   carried  out  with  shalcing  at  300a  for 16 hr.

20

sg
 Is8Ets'-

 10,e;torV,

 5g

        O  l5 50  45

       Concentration of  MgS04  
-7H20{mM}

Fig. 4. EfThct of  MgS' concentration  on  CDP-choline

  production.
  The  reaction  Tnixture  was  as  described in Table  2
  except  for MgS04･7HsO  concentration.  Choline

   chloride  and  intact cells wcre  used,  and  incubation

   was  carried  out  with shaking  at  30"C  for 16 h=
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20

sS
 15VeEts'

 10:2:･

 58

              4 B [2

         Cencentratien  of  intact cells  (eal

Fig. 5. Effect of  conccntration  of  intact cells  on  CDP-
   choline  production.
   [he reaction  mixturc was  as  described in Table 2
   except  for cell  concentraLtion. Cholinc chloride  was

   used,  and  incubation was  carried  out  with  shaking

   at  Soec.

   e, 8 hr reaction,  O, 16 hr reactien.

  Figure 5 shows  the  relationship  between

the concentration  of  cells and  aDP-choline

production. At the  early  stage  of  the reaction

(8 hr), the  yield of  CDP-choline in¢ reased  in

proportion to the  concentration  of  cells,

though  the reaction  seemed  not  to  have gone
to  completion.  However,  if the  reaction  was

prolonged (16 hr), the yield of  CDP-choline

reached  its maximal  level at  the  higher than

5%  of  cells.

  The  time  course  of  CDP-choline production

Table  4.

 toog:

 BO'6otl

 
60

l' 4o-:-t

 20-oE

i))r･× .

            5 10 I5 20 25

              lncubation time  thrl

Fig. 6. Tirrre caurse  ofCDP-choline  production.
   The  reaction  mixturc  was  as  clescribed  in Table 2
   cxcept  for the  cencentration  of  choline compound.

   Intact cells  wcre  used,  and  incubation was  carried

   out  with shaking  at 300C.
   O, 50 mM  ofphosphory1  choline;

   e, 2co mM  efcholinc  chloride,

in the  optimal  reaction  system  was  examined,

and  the  results  are  shown  in Fig. 6. In the
early  stage  of  the  reaction,  phosphery1
choline  gave slightly  higher aDP-choline

production  than  choline  chloride.  The  final

yield of  CDP-choline was  higher from choline
chloride  than  phosphory1 choline,  however
and  the  maximal  yields were  respectively

80%  and  87%  (molar yield).
  Effbct of  ATP  addition  on  CMP  phes-

phorylation  and  CDP.choline  production
We  have previously reported  that  such

Ef{ect ofATP  addition  on  CDP-choline production.

ATP  not  added ATP  added

Strain Yield (mM) Yield (rnM)
CDP-cholincCDP,  CTP CDP-cholineCDP,  Crl'P

Saccharom)rces lactis
Debacwvn!7ecs hansenii

Hlansenula anemala

Riibdetaruta glutinis

rlige,ulbsis variabilis

Klosckera aPicttlala

Ehdbn!7copsis.fibaligera

SPorebeten!7cessatmonicolor
Brettanonp,crspttrtlPhitum

Cbndidu sp.  N-25-2

O.83.8ooooO.9o14.214.89.01.6O.84.58.91.2O.81.0B.83.61.04.0ooooO.8o14.815.l14,212.8

 1.29.2l3.2

 1.e
 1.0

 1.2

 3.7

 3.8

The  culture  medium  was  as  described in Table 1. aultivation time  was  48  hr. The  reaction

mixture  was  as  described in Table 2, except  when  5 rnM  ATP  was  added, as  shown  above.

Phosphory1 choline  and  intact cells  were  used,  and  incubatien was  carried  out  with  shaking

at  SOOa  for IB hr.



The Society for Bioscience and Bioengineering, Japan

NII-Electronic Library Service

The  Society  forBioscience  and  Bioengineering,  Japan

 VoL 59, 1981]

adenine  nualeotides  as  ATP,  ADP  and  AMP

enhanced  CTP  production by yeasts.') In
the  previous paper, we  observed  that  several

kinds of  yeast could  not  produce  CDP-
choline  from CMP  and  phosphory1 choline

because they  lack the  ability  to produce erP
from CMP.  Therefore, we  assurned  that  the

CTP  productivity of  these  strains  could  be

promoted by ATP,  they  might  also  produce
GDP-choline from CMP  and  phosphory1
choline.  The  effects  ofATP  on  CDP-choline

production by yeasts with  varlous  CDP-
choline  productivities wcre  therefbre  studied.

  
rlhe

 results  are  summarized  in Table 4.
Of  the  10 strains,  Hbnsenula anomala,  Kloeckera
`ipiculata,  Endbn!J,copsis jibuligera and  iSPoro-

bolonp,ces salmonicolor  produced cytidine  frorn
CMP,  as  shown  in previous report.  In these
strains,  ATP  did not  promote  even  for the

phosphorylation of  CMP.  In contrast,

Saccharon!J,ces lactis, DebacJ,onnyces hansenii, Rhodo-
tontla gtutinis and  TYigonopsis van'abitis  showed

enhanced  productivity of  CDP  and  aTP  in
the presence of  ATP,  but not  of  CDP-
choline.  This suggested  that  these  strains  lack
choline  phosphate cytidyitransferase.

  Lastly, in the strains  capable  of  producing

CDP-choline Productlon by Yeasts: II                                 201

CDP-choline,  Brettanompces Petrophitum and

thttttida sp.  N-25-2, the  addition  of  ATP  had
no  marked  effect  on  CDP-choline  production.

           Acknowledgements

 We  are  deeply indebted to  Professor T. Tochikura  of

Kyoto University and  Professor Y. Kancko  of  Nagoya
University for their helpfu1 advices.  We  also  thank

Dr. H. Kobayashi, director of  our  laboratory, and  Dr.

T. Osawa for their interest and  encouragcment.

              References

 1) Kennedy,  E. P.:J: BioL C]hem., 222, 18S (1956).
 2) Tochikura, T., Kirnura, A., Kawai,  H., Tachiki,

   T., (]otan, T. : JL Flennent. 71,chnot., 4B, 763 (1970),
 3) Kimura,  A., Morita, M.,  Techikura, T.: Agn-c.

   BieL Chem., 35, 1955 (l971).
 4) Kariya, Y., A{saka, K., Kirnura, A., Tochikura,

   T.: Ami'no Acid and  IVILcdeic Acid, No.  29, 75 C1974).
 5) Miyauchi, K., Uchida, K,, Yoshine, H.: Amine

    Acld and  M`cteic Aeid, No.  25, 47 (1972).
 6) Watanabe,  S., Shirota, S., Hancda,  K., Takeda,

    I.: f  Ftnnent. 71,chnel., 59, 191 (1981).
 7) Kitajima, N., Watanabe,  S., Takcda,  I.: JL
    Rnnent. TlechneL, 4S, 753 (1970).

                   (Received October  6, 1980)

NII-Electronic  


