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   IIhe distribution of  UDPG  dchydrogenasc  in microorganisms, especially  Bacitltts
specics,  was  investigated and  it was  found that  several  strains  of  Baciltus licJinitfbrmis

possessed this enzyme  and  were  most  suitablc  for the enzymatic  preparation ef  UDPGA
from  UDPG  since  these organisms  scarcely  showed  decomposition of  beth UD?G  and

UDPGA.  Disintegrated cells  such  as  sonicatecl  ones  can  easily  oxidize  UDPG  to UD-
PGA  with  a  high conversion  ratc.  [Mie reaction  product was  purified by  a  Dowex  1

(CI' form) column  and  was  identified as  UDPGA  by  chemical  and  physical analyses  and

by  blolegical functions such  as  glucuronide formation with  e-aminophcnol  by  the hemo

genate of  mouse  ]ivcr.

   UDPG  dehydrogenase  of  B. tthilenij?,rmis required  NAD  for it's activity. The
optimum  pH  is 9.5 and  the optimum  temperatute  is 40DC. Undcr aeTobic  conditions

thc  NADH  oxidizing  system  in this organism  coupled  with  thc dehydrogenation of

UDPG  facilitated the completion  of  UDPG-UDPGA  convcrsion.  In the presence of

O.5 mM  NAD,  6 mM  UDPG  was  dehydrogenated  to UDPGA  at  a  conversion  rate  of

87%  in 17 hr at  30eC by the sonicate  of  B. Iidientt?)rmis IAM  l 1054.

   UDPGA  was  isolated in 1955 by Dutton and  Stereyi) from  liver extract  as  a  factor

participating in detoxhication through  corljugation  with  glucuronic acid.  UDPGA  is the
donor of  the glucuronic acid  moiety  of  glucuronide  in detoxMcation and  of  acidic  muco-

polysaccharide.2> It is also  thc  precursor of  UDP-xylose,S-5} UDP-galacturonic acid6,7)
and  UDP-iduronic acid.S)

   In animals,  plants and  microorganisrns,  UDPGA  is fbrmed by the  NAD-linked de-
hydrogenation of  UDPG.")  The  occurrence  of  UDPG  dehydrogenase in microorganisms
has already  been presumed  in some  bacteriaiO"iS) and  yeast,i4) since  these  organisms

excrete  acidic  polysaccharides containing  glricuronic acid.  It was  also  demonstrated that
Baeiilzcs lichentformisi5> and  B. subtilis var.  nigerie)  contained  glucuronic acid  as  a  component

of  cell  walls  in the form of  teichuronic  acid  and  that  with  the  former species,  a  teichuronic
acid-like  substance  was  synthesized  by the  30,Oooxg  particulate fraction prepared  from
early  logarithmic phase cells in the presence of  UDPGA  and  UDPGalNAc.i'}  However,
there  have been  no  descriptions of  UDPG  dehydrogenase of  these  organisms.

   The  authors  investigated the  distribution of UDPG  dehydrogenase in Bacilltts species

and  fbund the  enzyme  in several  strains  efB.  Iichenijbrmir. Since these  organisms  scarcely

decomposed both UDPG  and  UDPGA,  it was  concluded  that  the  crude  extract  was  suitable
for the  enzymatic  preparation of  UDPGA  from UDPG.

Abbreviations used:  UDPG,  uridine  diphosphate glucosc; UDPGA,  uridine  diphosphate glucuronic  acid;

UDPGalNAc,  uridine  diphosphate IVLacetylgalactosamine.
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Materials and  Methods

   
Microorganisms

 
Microorganisms

 belonging to the gcnus Pasillus were  obtained  from  the JFCC
(TheJapanese Federation of  Culture aollection of  Micreorganisms).

   Chemicals 
UDPGA

 was  purchased from Sigma  Chpipical Co. U,DPG  was  prepared according  to
the  method  of  Tochikura  et aLiS)

   Cultivation method  Microorganisms  were  cultivated  in a  liquid rnedium  containing  10 g of  glucose,
5gofpeptone,2gofyeastextract,2gof(NH4')2SO"1.Bg'ofNa!HP04'12H20,O.5gofK!S04,O,2gofMgS04･
7H20  and  2 mg  Df  FeS04'7HzO  per litcr. Two  hundred  ml  of  thc medium  in a  2 l flask was  inoculatcd with
20 ml  ofa  20 hr culture  and  incubated at  300C  for 6 hr on  a  rotary  shaker  (2oo rpm).  The  cells  were  harvested
by  centrifugation  and  put in O.05 M  phosphate bufTer (pH 7.0) to  make  a  20%  (wlv) cell  suspension.

   Preparation  of  enzyme  solution  The  cell  suspension  (20%) was  sonlfied  in an  ice bath at  20 KHz
for 5 min  with  a  Super  Sonic Vibrator UR-  150, Tomy  Seiko Ce,, Ltd., fo11owed by  centrifugation  at  10,OOO × g
for 20  min,  The  supernatant  solution  was  used  in the  experiment.

   Assay  of  UI)PG  dehydrogenase  UDPG  dehydrogenase was  assayed  by detcrmining the UDPGA
formed  frem  the  UDPG.  The  reaction  mixture  con･tained  1.5 ptmoie ef  UDPG,  2 pmele  of  NAD,  25 ptmole of
glycine bufler (pH 9,5) and  O,l ml  of  enzyme  solution  in a  total volume  of  O.25 ml,  After incubation for 3 to
20 hr at  300C,  the  reaction  was  stopped  by  the addition  of  O.05 ml-  of  O.6 M  perchloric acid.  The  resulting

precipitatc was  centrifuged  off  and  the  formed  UDPGA  and  residual  UDPG  in the  supernatant  
'were

 separated

by  paper electrophoresis  unde'r  the conditions  described in Fig. 1. After drying in an  ovcn,  the ultravlolet-
absorbing  spots  corresponding  to  UDPGA  and  UDPG  were  cut  out  and  extracted  with  O,Ol N  HCI.  The

optical  density at  262 nm  was  meastired  with a  Spectrophotometcr QY-50, Shimadzu  Seisakusho Ltd. and  the

amounts  of  UDPGA  and  UDPG  were  caleulated  based en  the  molar  absorption  coeMcient,  Ez6a=  1O,OOO.
   Analytlcal  methods  Phosphorus  was  determined  by  thc  method  of  Fiske-SubbaRow.iS> Glucuronic

acid  was  identified by paper chromatographyXO) and  the kpec}fic color  
'rcaction

 of  Dische.Zi,2a) The  amount

of  g!ucuronic acid  was  determined by the color  reaction  with  carbazole-HeS042S}  or  naphthoresorcinol.24)

   Glucuronide  formation  UDPGA  was  examined  in glucuronide  formation with  o-aminophenol

accerding  to tihe method  of  Dutton  and  Storey,2i} using  the  liver from  a  freshly killed mouse.  A  10%  (wlv)
Iiver hornogenate as  a  source  of  UDP-transglucuronylasc was  prepared with  a  Univcrsal Homogenizer, Nihon
Seiki Seisakusho Co. and  submitted  to the  examination  under  the conditions  describcd {n Table 3.

Results  and  Dis'cussion

 Distribution  of  UDPG  dehydrogenase  in genus  BaciUus  As can  be  seen  in
Table 1, UDPG  dehydrogenase was  detected in strains  ofB.  Iichenijbrmis and  afso  distributed
in several  other  species  (B. subtilts  var.  niger,  B. magaten'um  and  B. cereus).  Among  the
organisms  tested, B. tichenij2,rmis IAM  1'1054 showed  the  highest yield of  UDPGA  through

the  reaction  period. Figure 1 shows  the  forrnation of  UDPGA  from  UDPG  by a  cell-free

extract  of  B. Iichenij(brmis IAM  1 1054. It is. noteworthy  that rnost  of  the  substrate  (UDPG)
was  converted  into the  product  (UDPGA) after  20hr  incubation with  no  significant

decomposition  of  UDPG,  UDPGA  or  NAD:  On  account  of  these  results,  B. tichenijbrinis
IAM  1l054 was  used  for further studies,

   Cultgre age  had  a  remarkable  infiuence on  cell  activity  and  the  highest activity  was

obtained  from cells  cultivated  fbr 6hr. This relationship  in B. tichenijZ)rmts IAM  11054
is shown  in Fig. 2. The  cultivation  time  of  6 hr corresponded  to the  early  to middle  ex-

ponential phase.
   Isolationandidentificationofthereactionptoduct  

'
 Twolitersofthereaction

mixture  containing  1O.8 mmole  of  UDPG,  1 mmolc  of  NAD,  200 mmole  of  glycine bufll)r

(pH 9.5), and  800  ml  of  enzyme  solution  prepared  from  B. tichenijbrmis IAM  11054 were

supplemented  with  toluene and  incubated at  300C. ' After 17 hr, the  UDPGA  fbrmed  was

isolated according  to the  procedure  shown  in Fig. 3. The  profile of  ion exchange  coTumn

chromatography  using  Dowex  1 (Cl= fbrm) is shown  in Fig. 4, Substrate, product  and
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Table  1. FDrrnation of  UDPGA  from  UDPG  by microorganisms

   belonging to  the  genus Baciltus.UDPGA

 formed (pmolclml)

Strains Reaction time  (hr>

3 7 20

B. aneurinolytietts  AKU  0201

B, Yirmus IFO  3330
B. natto  AKU  0204

B. mesentsricus  var.,fiavus  IFO  3028

B. subtitis  IFO  3oo7

B. subtUis  IFO  3026

B,  subtitis IAM  l193
B. subtilis  var.  alerrtntts  AKU  02 !6

B. subtitis  var.  niger  IFO  3214

B. sphaericus IFO  3525

B, brern's IFO  3331

B. pumittts IFO  3030

B. circutans  IFO  3329

B. magaterium  AHU  1240

B. cereus  IFO  3132

B, PolynT7xa NIAH  474

B, iichenijbrmis IAM  1 1054

B. Iichenij?)rmis NIAH  157

B. tichenijbrtnis NIAH  215

B. Iichenifi,mtis AHU  I531

B. Iiehenijbrmis AHU  15S2

oo

oo

 oO.68

 o

 o
 o

 ±

 ±

O. 92

 ±

2. 602.

 44O.

 882."1.

 88

oo

oo
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 o

 o

 o
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±
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 o

 o'

 o

 o

 o

 e

 o

 e3.

 0B

 o
 o

 o

 o1.
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 o

 ±

5. 304:
 321.683.

 803.

 2S

'

byproducts were  clearly  separated  under  the  conditions  described. The  product  (UDPGA)
was  converted  into its sodium  salt  by  passing it through  the  cation  exchanger,  a  Dowex
50W  (Na+ form) column  and  precipitated by adding  four volumes  of  methanol  together

with  two  volumes  of  acetone.  After repeated  precipitation, the  product  was  washed  with

acetone,  followed by  ether,  and  desiccated over  CaC12. About 5 g ofan  amorphous  white

powder were  obtained.  This isolate was  regarded  as  the trisodium  salt  ofUDPGA.'

    The  isolate showed  the  ultraviolet  absorption  spectrum  characteristics  of  uridine

nucleotide,  and  gave  UMP  on  hydrolysis in O,1 N  HCI  for 10 min  at  1000C. As  shown  in
Table 2, the  results  of  the  chemlcal  analyses  indicate that  the  isolate contains  two  atoms  of

phosphorus  and  one  mole  of  glucuronic acid  per one  mole  of  uracil  moiety,  and  one  of  the

phosphorus atoms  was  acid-labile,  which  was  liberated in 1 N  H2S04  at  1000C  for 15 min.

These facts support  that  the  isoiate is uridine  diphasphate glucuronate bearing both a

pyrophosphate  bond  and  a  sugar  phosphate  bond. The  infrared absorption  spectrum  of

the  isolate is shown  in Fig. 5.

    Elemental  analysis  showed:  C, 27.40; H, 3.27 and  N, 4.21%. Calculation fbr the
trisodium  salt  of  UDPGA  (CisHigN20isP2Na3･2H20) gave; C, 26.39; H,  3.37 and  N,
4.11%.  Both  results  are  in good  accordance.

    The  isolate was  further investigated on  its biological function, glucuronide formation.
After incubation of  the product with  mouse  liver homogenate in the  presence of  o-amino-

phenol, the formation of  a  coniugate,  o-aminophenyr  glucuronide, was  confirmed  by the
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Fig. 1. Paper electrophertsis ofreaction  mi)cturc.

   Paper electropbotesis was  carried  cut  for 90min

   at 2.5mAiem  using  O.1M  ammonium  acctate

   buffer (pH 5.2).

o (aisde) ro

RtrctSon  time {hr)

characteristic  pink-purple color  after  diazotizqtion and  coupling  with  IVLI-naphthylene-
diamine dihydrochloride at  pH  2.25-v2.50. Thc.results are  shoym  in Table  3.

   IliIrects ef  serreul  factors or  UDPGA  fbrmatien  ･ S(sferal factors affecting  the
formation of  UDPGA  were  studied  with  a  cell-ftce  cxtract  of  B. tiahpmtiformds IAM  1 105".
Since UDPG  dehydrogenase of  this organism  requires  NAD  as  sbown  in Table 4, 8 or

16 mM  of  NAD  was  added to  all the reactions  except  for the  studies  on  NAD  concentration.

  
'
 1. Time ceursc  The  reaction  was  attempted  for 25hr (Fig. 6). After 17hr  the

reaction  was  stabonary,  and  the maJtirnal･conversion  rate  of  UDPG  to  UDPGA  was  ap-

proximately 87.%.

   2. Enaynte cematratieti  As shown  in Fig. 7, the reactien  was  propertional to

enzyme  concentratien.

   3. optimutn tstillberature . Thc effcct  of  temperature  en  the reactibn  was  investigated.
As shown  in Fig. 8, the reaction  was  rpest accelerated  at  400C.

･?).4Sa

g3
g,:tl

m"iN'--#

e.Xm'O
4s,8{2e.

 s･I
Fig.2. EffbctofcultureageentheactivityefUDPG

   deliydrogemase ofB.  Iiim:t5rmts IAM  1le54.
   Reaction time: 5hr.
   e, UDPGA  forrned; O, Ccll growtrL

6 IZ l8 24

Cu!tivotion peFiod Chr}



The Society for Bioscience and Bioengineering, Japan

NII-Electronic Library Service

The  Society  forBioscienceandBioengineering,Japan

Vol. 55,1977] UDP-Glucose  Dehydrogcnase sc5

Reoction mixture  2/

     I :Y,tW,iafSugeedJ'uSted 
te
 
3
 
with

 
Hci

  Supernatant ･

     e;Oir:lidd::/va3t6V:inWere 
odsofbed

 
on
 
charcoai

  Chntrcpat

      d in 50%  methanot  contdining  a05%
      

      rivati,ves  were  eluted frem chercoal

      

  Eluate

  chromts gig1ncal 1 
tr::et;nwevatCrUtOc:t.Ontemt;recioru

 :gred rnn

     tr        UDPGA  was  etuted  with  O,OlN  HCI corvtalnlng
        OIM  NaCl atter  UDPG  and  UDP
  UDPGA  fraction

     b a:g, :,t,",7,Sd"di.so,':e,d.ont,ch2as'oceg:･ 
eiuted

 
and

  DovetxSOW C Na+  terrn) codumn

tr        UDPGA-Nai  was  colrected, concentrated,  and

        precipitated from the rnixture ef four volumes
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Fig. 3. Purthcation procedurc of  UDPGA
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'
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,
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                  50 1oo  150  2oo
                  Frqttion number  "coml/fractien)

Fig. 4. Scparation of  UDPGA  by ion exchange  column  chromatography.

   Ion exchanger:  Dowex 1 (× 4), 2ooAJ400 mesh,  Cl- form.
   Column:  4 × rocm.  Eluant: O.1MNaCl-O.OlNHCI

Table  2.Analysis of  isolated UDPGA.

pmolelpmole  uracil

Found Calcu]ated

Tnorganic phosphatc

Acid-labile phosphate

Organic phosphate

Glucuronic acid

oO.

 99Z141.02

o1.

 oo2.

 oo1.

 oo

with4.

 PHoptimum
glycine buffl:r.As

 shown  inFig.9,  themaximalactivityWasobtained  atpH9.5
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4000  3000200j

Fig. 5. Infrared spectra

   (KBr methed).

leOD  1am  lmo  i2co 1am  8oo
 Wave number  {crn.1)

of  iso]ate (upper) and  authentic  UDPGA  (lower)

Tab}e 3.Formation  of  o-aminophenyl  glucuronide.

Amount  used

   (ptg)

Isolated UDPGA

Authentic UDPGA

Authentic UDPG

2582482038

 Coajugation  activity

(Absorbancy at 550 nm)

e.I75O.

 I89o

The  rcaction  mixture  containing  UDPGA,  O.2 ml of  O.5M  Tris buflhr (pH 7.4),
O.2ml  of  2.2mM  o-aminophenol  and  l ml  of  meuse  llver horFLogenate in a  total

velume  of  Sml was  shaken  for 20min  at  37"C, Three ml  of  prccipitant  (a mix-

ture  of  equal  volumes  of  2 M  phesphate  and  2 M  trichlDToacetate,  each  adjusted

to pH  2.10) was  then  added.  To  3 ml  of  the supernatant,  1 ml  of  O.05%  NaN02
was  added,  followed by  l ml  of  O.5%  ammonium  sulfamate,  and  by  1 rn1  ef  O.1 %
naphthylethylenediamine  dihydrochloride, The coajugate  product, o-amino-

phenyl glucuronide, was  detected as a pink-purple color  after incubation at  25eC
for 2 hr. The  color  was  read  at  550 nm.

Table  4. Specificity to cofactor･of  UDPG  dehydrogenase  of  B.

   Iichenij2)rmis IAtv{ 1t05il.

Addedcofactor UDPGA  formed
 (pmolelml>

NADNADP 2. 36O.

 32O.

 28

The  concentrations  of  added  cofacters  were  8mM  and  the  reaction  time was  3 hr.

   5, UDPC  concentratien  The  efibct  of  the concentration  of  UDPG  toward  formation
of  UDPGA  is shown  in Fig. 10. Although  the  maximal  rate  of  conversion  was  shown  to

be around  8 to 12 mM,  a  more  eMcient  concentration  ef  the  substrate  seems  to be 6 to

8mM,  because completion  of  the  reaction  at  optimal  concentration  took  a  much  longer
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  6x=.E.Eeg4sctE-gv2''i.l
 t."-"Lm.t

Fig. 6. Time  course  ofreaction.

  NAD  concentration  (mM): × ,8;  O, l6.

5 iO 15 20  25

 Reactiefi time Chr)

ez4:}･ZE.2=w
Fig. 7. Effect ofenzyme  concentration.

  The  concentration  of  NAD  was  8 mM.

  Reaction timc (hr): O, 3; e, 5.
  Q2  a4  Q6
Elruyme Cmtlml of reodion  mTx.J

time  than  in the  latter condition.

   6. IN[t4D concentration  The  cofactor  of  UDPG  dehydrogenase was  verificd  to be
NAD  and  the  oxidation  of  1 mole  of  UDPG  requires  2 mole  of  NAD  theoretically  according

to  the fo11owing equation.  However,

      uDpG+2NAD++H,o.-UD.P-G  
d-e!}xtEldr-og/gLgE.e

 uDpGA+2NADH+2H+

B  .-EE4s)gsa-

 Egvi2 !fxA ,I

Fig. 8. Efflect of'reattion  temperature.

  Reaction time:  5 hr.
  NAD  concentration  (mM): × ,

 B; e, 16.
10 50  50

Reaction tempetature t"C)

:/2,
i'i'
g32

oti

'

N
       .

Fig. 9. Effect of  reaction  pH,
  Reaction time:  5 hr.
  Buflbr: e, Glycine buffltr;O, Tris buflbr.

78  9  IO II

  Reaction pH



The Society for Bioscience and Bioengineering, Japan

NII-Electronic Library Service

The  Society  forBioscience  andBioengineering,  Japan

508 TAzuKE,  TsuKADA,  and  SuGiMoRi [J. Fcrment. Technel.,

/t{t4

II{,
  -..--

/
.

-eH-

Fig. 10. EffectofconcentrationofUDPG,
   [rhc concentration  of  NAD  was  8 mM.

   Rcactien time <hr): O, 3; O, 5.

4  8 IZ i6

Conoentrafien et  UDPG  (mM)

using  a  crude  enzyme  preparation such  as  the  sonicate,  O.5 mM  of  NAD  which  corresponds

to one-twenty  fburth of  the  concentration  theoretica11y  required  was  enough  to dehydro-

genate 6 mM  ofUDPG  in 20 hr (Fig. 11). This  result  strongly  suggested  that  the  sonicate

reoxidized  NADH  produced  in the  reaction  mixture.  Actually the uptake  ef  oxygen  was

manometrically  observed  as  shown  in Fig. 12. NADH  incubated with  the  sonicate  of

B. Iichenijbrmis IAM  11054 at  pH  9.5 was  stoichiometrically  oxidized  by  atmospheric

oxygen,

   As  the conclusion,  the erude  cell-free  extract  ofB.  ticheniji)rtnis can  be conveniently  used

fbr the production of  UDPGA  from UDPG  since UDPG  dehydrogenase in the  extract  is

quite active  and  the oxidized  form of  the cofactor  (NAD) is rapidly  regenerated  under

aerobic  conditions.  It is also  favorable for the completion  of  the  reaction  that  both the

substrate  and  the  product  are  scarcely  decomposed  even  on  prolonged incubation.

v6e.-EHEex<t4.e.Eg3

  2

1.--'."'----LS-'-H"L.

f'

  f.o

f
O--ke

Fig. 11. Efflect ofconcentration  ofNAD.

   Reaction time  (hr): O, 3; e, 20.

a5  t.O 2.0 B.Q

  Cencentration of  NAD  (mM)

5s54E-a23-egoaj

 2

;

          /
        f/-
      f
    /
   /r-

yf

Fig. 12, Oxygen  uptakc  resulting  from  oxidation  of

   NADH.
   [[he rcaction  mixture  contained  250 Iimelc of  gly-
   cine  bufftr (pH 9.S), -ev16"mole  of  NADH,

   and  O.1ml of enzyme  solution  in 2.4ml. One-

   tenth  m!  ef  20%  KOH  solution  was  p!aced in the
   ccnter  well  of  thc  vesscl.  The  reaction  was  carri-

   ed  out  at  30"C  in a  Warburg  manometer,

   NADH  (prnole) : O, 4; e, 8; × , 16.

20  40  60  80

  Reaetien time tminl
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