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     The  Fermentative Production of  CDP-Choline by Yeasts*

                     (I) Identification of  CDP-Choline

            Tatsurokuro Tochikura, Akira Kimura, Hiroyasu Kawai,

                    Takashi Tachiki and  Takayuki Gotan

            (DepaTtment of  Food Science and  Teehnology, Kyoto University, Kyoto)

                                 Abstract

        Large amounts  of  a  cytidlne  derivative were  formed when  air-dried  cells of

     brewer's yeast (100 mgfml)  were  incubated with  5'-CMP  (20 ymoles/ml)  and  phos-

     phorylcholine. The  substanoe  was  determined to be CIIff'-choline. On  acid  hydrolysls,

     it gave phosphoryicholine and  5'-CMP, which  was  demonstrated by paper chromato-

     graphy and  by treatment  with  5'-nucleotidase. The  phosphorylcholine  gave  an  Rf

     value  identicaI with  that  of  an  authentic  sample  on  paper chromatography.  It was

     further identified, after  treatment  with  non-specific  phosphatase, by measurement  of

     the  molar  ratio  of  phosphorus  and  cheline.  CDP-choline was  additionally  confirmed

     on  the  basis of  NMR  spectrum  data and  other  physicochemica1 properties.

                               Introduction

    CDP-Choline was  first found by Kennedy  to be an  important intermediate in

the biosynthetic pathway  of  lipids"2). This compound  is widely  distributed among

anirnals,  plants, and  microorganisms.  Though  some  strains  of yeast contained  large

amounts  ef  this cornpound,  it was  only  endogenously  synthesized.  By  the  application

of  the  fermentative method  for the production of  sugar  nucleotides3-5),  the  authors

have succeeded  in converting  5'-CMP to CDP-choline in good  yields.

    This paper deals with  the  ldentification of  CDP-choline formed by fermentation

of  brewer's yeast.

                          Materials and  Methods
          '

1. Materials 5'-CMP  sodium  salt  was  kindly supplied  by Takeda Chemical Indus-

tries, Ltd. All other  chemicals  were  commercial  products. 5'-Nucleotidase was  prepared

from bull seminal  plasma6). Prostatic non-specific  phosphatase  was  kindly supplied

by Dr. Y. Sugino of  the  Institute 
'for

 Virus Research, Kyoto  University.

2. Mieroorganism The  microorganism  used  was  brewer's yeast (Saccharomyces

*  This work  was  presented  at  the  Annual Meeting  of  the  AgTicultural Chemical  Society of  Japan, held at

  Fukuoka  on  April 1, 1970.

  Abbreviations: 5'-CMP,  cytidine-5'-rnonophosphate;  CDP,  cytidine  diphosphate; CTP,  cytidine tripho$-

  phate; CDP-choline, cytidine  diphosphate choline.
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cz rlSbergtmst's),  which  was  obtainecl  from Kirin Brewery Co., Ltd. The  wet  yeast
was  dried by an  electric fan for 12 hr at  room  temperature. The air-dried  oells  were

completely  dried over  PtQs for 24 hr in vactco. The dried cells  thus prepared were

kept at'-20eC  and  usecl  as  the enzyme  source  throughout  this work

3. Analyses CMP,  coP, crP, and  coP-choline were  determined by measuring

their optical  densities at 260mxt aft)er extracting  their spots  with  O.1N  HCI fmm

paper dhrornatograrns. Paper chrornatography was  carried  out･･on  Toyo filter paper
Ne. 53 with  a  solvent  system  containing  95%  ethanol  and  1 M  ammonium  acetate

(2:1, pH  7.5).

   Reaction products vvere separated  by co1umn  chromatography with Dovvex 1 × 2

(a' forrn), which  was  carriecl  out  by the  metliod  of  Cohn and  Carter'). CDP-choline
was  eluted  with  O.oo1N HCI, and  5LCMP  with  O.O02N  HCI. Inerganic phoslihate
was  detemined by the method  of Rska and  SubbarowS) after  the  decomposit{ofi of

samples  by Nakarriura's method"),  or by other  methods  with  various  enzymes.

   enP-choiine was  identified by the results  of  various  enzyme  reactions,  which

vvere  carried  oirt  at  37eC  for 2hr.

4. Reaction system  The  compOSitiOn  Table l. Ccrmpositian of reactian  mixtureJ

of  the reaction  mixture  is shown in Table

1. lhe total  reaction  mixture crf 2.0ml
was  shaken  at  280C  for severa1  hours.
'Ihe

 reaction  was  terminated  by immers-

ing the reaction  tube  in boiling water  for

3 min.  After addhion  of  2.0 ml of  water,

ce11 debris was  !emeved  by centrifugation

at  3,500 rym  for 5 min  and  the  resulting

supernatant  solution  was,sabiccted  to

analysis.

GluoDse5'-CMP

 soclium  salt

Pbospherylcholine calcium  salt

Pc,tassium phosphate  buffer

  (tiH 7.0)
MgSO,･7HiO  (er MgCl:･6H20)
Air-dried ce1ls  of brewver's yeast

  per ml

 4oo 1mn1es
20-30 prnoles
'
 50 prnples

 200 pmoles

  12 pmoles

 1oo mg

The  total reaction  mixture  of 2.0 ml yvus  put in

a test tube  and  reaction  was  carTied  out  28aC

with shalting.

lt

Results and  Discussicn

1. Fermaticn  of  eytidine  derivative

IJhoryldboline, the reaction  mixture  was

amalyzed  by paper  chrumatography. Three

UV-absorbing spots  having Rf values

different fmm  that  of  5'-CMP  were

debecte(i an  a paper  ehromatogram  (Fig.
1). Two  of them were  klentified, by
their R, values  on  the paper chrt}mato-

gram, as  coP  and  crP. The otl)er

sliowecl the 1argest R, value,  which  vvas

klentica1 witli that of  amhentic  CDP-

Mer  lncu

coFcko1in-

Si-ca

 pt

 en

bation with5'-CMP  andphos-

       02  4eS  to
                        ANthmtSe
           auctttu  t±-  (hr) t"pks

･Flg･ 1- Fbrmation of CDP-choline frem 5'-CMP
  by drled edls af brewets yeast.
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choline.  The  third  cytidine

phosphorylcholine, or  the air-

    A  typlcal time  course

mentative  reaction  is shown  in  Fig. 3.

In the earlier  stages  of  the reaction,  5'-

CMP  is consumed  rapidly  in accordance
with  the  formation of  CDP  and  CTP.

On  longer incubation, CDP  and  erP

decrease, with  formation of  the third

cytidine  derivative. The  cytidine  deriva-

tive accumulated  was  rather  stable  even

after 12 hr incubation.
2. 1solation and  identification of

third eytidine  derivative In order

to isolate the third cytidine  derivative,
the reaction  was  carried  out  on  a  scale

ten times lager than  previously (Fig. 3).

The  reaction  mixture  consisted  of  400

ptmoles  of  5'-CMP,  2 mmoles  of  Phos-
phorylcholine, 4 mmoles  of potassium

phosphate  buffer (pH 7.0), 12mmoles

of  glucose, 200 ptmoles  of  MgC12, and

2 g of  dried brewer's yeast. Tota1 volume
was  20ml. After incubation at  28eC  for

10 hr, the cells were  centrifuged  out.

The  supernatant  solution  was  acidified

with  1N  HCI  to  pH  3.8, and  the  pre-
cipitated  protein was  centrifuged  and

discarded. Activatod carbon  was  added

to the  supernatant  solution  to absorb

nucleotides,  which  were  eluted  with

ethanol  
-

 ammonium  hydroxide -  water

(50:5:45) solution.  The  eluate  was

concentrated  to half its volume  under

reduced  pressure at  30QC. The  concent-

rated  eluate,  after  pH  was  adjusted  to

8.0 with  1 N  ammonium  hydroxide, was

treated on  a  co1umn  of Dowex  1 × 2 (Cl-
forrn). Elution was  canied  out

    The  elution  pattern for a  typical

4'. The  main  cytidine  derivative was

derivative was  not  synthesiz

drfed ce11s was  omitted  from
for the  fer-

=S
 3e:vgvB

 2o:.oo:

 loxCrk8

ed when  any  one  of  5'-CMP,

the complete  system  (Fig. 2).

  Fig,o-o:e-e:1-1:i-A:

=sx1sU

 2og.o$

 15ati.Z

 10xv:k-

 SrUza

acoording  to

     small-scale

      eluted

   2 4 6 8

     Reaetion  ttme  (hr)

2. Fbrmation of  CDP-choline.
complete  system  shown  in Table 1
phosphorylcholine omitted

5'-CMP  omitted

dried cells  omitted

          2 4 68  10

             Reaetion  time  (hr)

Fig, 3. Time  couise  of  formation of  cytidine deri-
   vatlves.

   The  Teaction  mixture  consisted  of  400 pmoles
   of  5'-CMP,  2 mmoles  of  phD$pborylcholine,

   4 mrneles  of  potassiuni  phosphate buffer (pH
   7.0), 12 mmeles  of  glucose, 200 pmoles  of

   MgCl!, and  2g  of dried ce1ls  of  brewer's

   yeast in a  total vvlume  of  eo ml.  The  re-

   action  was  canied  out  at 280C  in a  3oo ml-

   flask with  shaking,

 the  method  of Cohn  and  Carter".

     reaction  mixture  is shown  in fig.

  with  O.OelN  HCI. By  the addition
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  The''sample decomposed at  190-

198eCL Analysis sh6wed:  C, 31.66; H,

6.19; N, i2.23; P, 9.12 and  O, 40.80%.

Calculated values  for Cs`HtK)ttN`Pi(NH`)
-3HtO  are: q  30.oo; H, 6.4X3; N, 12.50;
Pl IQ.10 and  O, 4e.QO. %.,
'
 Paper chromatograrns of  the isolated

cytidine {lerivative  and  its components

are  sliawn in Eg. 5. The Rr value  af

the deriyativq. was' identical with'. that of

authentic  coP-choline. The hydrolysate

(IN Ha,  80 min)  of  the sajnple did

net  contain  free inorganic Phosphate, but

contained  5LCMP  and  Iinospbory!choliiie･

The former was  confirrned  by paper

(imnatogralihy  and  by treatment  with

5'-nuclcotidase, and  the latter was  proved

by $praying  with  I).ragen(forf reagent  on

pelper chromafogiarns. Ctri treatment with

nan-specific  pboslihatase the isolated pbos-

pbory1choline released  one  mole  of  Iinos-

pl)orus per mie  of (iholinq  which  was

detemined ds. reinedkate,  by the methocl
of  Adkerman and  Salmon'"). 

'Tbta!

 plios-
plrorus was  detetuiined tift,er deeomposi-

tion with sti1furic adid'). The  derivative

containecl  two  moles  of  phospborus per

mole  of･ cytidine.  On  treatment of the

(tf aodvated･carbon･to  the eMuent  the nu(ileotile was  absorbed;  it was  then
eluted with･･･'amnoniacal  ethanol  soluticm.  The eluate  was  conoeritrated  to a  small

velume  under  reduee(l  pressure at  30eC, then lyoabilizecl. Aimt  25 mg  crf the

purified cytidine  derivative･ was  dbtairied
as
 
its

 
ammonium

 
salt.

 
sF
 

He,S`vgEo.4,o.1

     tuibt thpb-r  (5 -llt"b-)

Fig. di Separation of C )Pcholine by Dcrvvex 1×2

 (Cl= form) (plumn  chromatography.

 Colu'rnn: !× 19 mm

C7ttdine

CD?-ehol±ne

5'-crte

  A P CD  ll

Fig, 5  Paper dhr(}mm  for the taentification
 af isolated CDP-dhciline.

Solvent: 95%  ethanol-1 M  ammonium  amte

(2:1, pH  75)
A: authentic  qytitlbe, B: ackl-hydrolysete  of
isolabed CDPcholine after treatrnent with nen-

epe(ificpmutase,  C: isolated CDP･cihtiline,
D: acid-hydro1ysate  of isolatccl CDP-ciheline

(iN HCI, 1ooOC, ac tnin),  E: antherttic 5'-
CMP.

hydrolysate wi,th 5'-nucleotidase the derivative re1eased  one  mole  of  Iinosphorus per

mele  cyitidine, whereas  by treatment with non-specific  phosmbatase it release[l  two

mbles of  phosplK,rus. The derivative liberated one  mole  of phospborus when  treated

with  snalce  venom  (Agkistrodon halys, Mamushi),  which  is known  to contain  pyro-

phosphatase  and  5'-nrdecJtidase. These experiments  sihowed that in this cytidine

derivative 
'5"C.MP

 and  phosmboryldholine are  bomi  tbreugh pyrophosIibate linkage.

The experimenta1  results  with these various  enzymes  are  sunmiarized  in Table 2.

  
'TEhe

 identification of  the derivative was  furti,er confimied  by physicochemical

NII-Electronic  Mbrary  
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Table  2.Identification ofthe  sample.

(1) Total phosphates  by Nakamura's method

                  Pi' (phosphorus)
      5t-CMP  L02  (LOO)
      CDP-choline 1.94 (1,92)

      sample  L96  (L92)
  

*Ratio
 to 1 rnole  of  cytidine

(2) Hydrolysis with  1N-HCI  (1ooeC, 80 min)

                   CMP  liberated

      CDP-choline LOI  (LOO)
      sample  O.93 (O.92)
 (2-a) Treatment  with  5'-nuclootidase

      (370C, 2 hours)

                   Pi* liberated

      5LCMP  O.93 (l.OO)

      CDP-choline 1.05 (1.15)
      hydrolysate 1.08  (1.18)
   

*Ratio
 to 1 mole  of  cytidine

 (2-b) Treatment with  non-specific  phosphatase
      (37eC, 2 hou:s)

                   Pi liberated
      P-choline 1.03*

      CDPcheline  2.16**

      hydrolysate 1.84"

   *Ratio  to the  initial Pi

   
**Ratio

 to 1 mole  of  cytidine

(3) Treatment  with  snake  venom  (pyrophos-
   phatase and  5'-nucleotidase)

                  Pi Cytidine

              (pamole!pmole substrate)

      P-choline O -

      5LCMP  L28  1.21

      CDP-choline O. 91 1. 18

      sample  O. 90 O. 87

(4) Measurement  of  choline  after  the  separation

   of  P-choline

                  Pi!choline

      P-choline 1.220 (1.000)
      sample  1.225 (O.995)

analYses.  The  IR  and  UV  spectra  of

the  derivative were  identical with  those

of  authentic  CDP-choline. The  .NMR

spectrum  of  the derivative ,i$ sh6wh  in

Fig. 6, and  shows  the presence of the

protons in positions 5 and  6 
'in

 

'the
 pyri-

midine  ring and  of  the protons of  the

methyl  group  attaChed  to the qua ¢ inary

ammonium  in the cheline. The  ratio of

the numbers  of these prosons was  1i1:9,

which  indicates the  presence of  the pyri-

midine  ring and  choline in the ratio  of

1:L

    From  these  results,  the  cytidine

derivative was  identified as  CDP-choline.

The  optimum  conditions  for the fermenta-

tive formation of  CDP-choline will  be

reported  in the fo11owing paper.

600F"pmTl 500NHI"iEsqkeiN･"l-ex?1so:･E-paeHow
drT"400

CDP-owOLINE

eotw

n-7tTtr-soo

'-"!-crtelqvi

rttttltr2-T-dTtooeHl

+-N{CH}lj

h ve

L Lnd
iO.O 9.0  B,O TO  6.0  5.0 40  3.0 2.0 LO O
               HLTnCHI  PERKIN  ELMEFI PPM

Fig. 6. NMR  spectrum  of  isolated CDP-choline,
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