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Abstract

   Bredinin is a  novel  imidazole nucleoside  (4-¢ arbamoyl-l-B-D-ribofuranosylimidazo-
lium-5-olate) produced  by Eapenisillium bwfletdianum. It was  salvage-synthesized  by
a  large number  of  growing microorganisrns  including bacteria, fungi and  actinomycetes

in media  containing  synthetic  aglycone.  Etipeniciltium brefleldianum M-2166  utilized  the

aglycone  effbctively  and  showed  the  best conversion  rate.  The  conditions  for the
salvage  fermentation were  investigated  using  Etipc. broflitdeanum and  Escherishia coti.

   Bredinin was  also  synthesized  enzymatically  in a  cell  free system  of  E, coli,  This
enzymatic  synthesis  was  inhibited by  adenine  but not  guanine. The  enzyme  was

remarkably  induced by  an  addition  of  adenine  or  guanine  to the  cu!ture  medium.

Introduction

    Various types  of  nucleosides  have  been isolated from microbial  sources,  and  large
numbers  of  them  are  known  to have bio]ogical activities  e,g,  antimicrobial  or  antitumor

actions.･1)

    5-Amino-4-imidazolecarboxamide  riboside  (AICA-R), an  intermediate of  purine
nuc]eotides,  was  the first imidazoJe nucleoside  to be isolated from a  sulfonamide-inhibited

Escherichia coli  culture,2)  however, it has no  notable  activity,

    Recently we  isolated a  novel  imidazole nucleoside  with  potent immunosuppressive
activity,  named  bredinin, from a  culture  fi1trate of  Etipenicillium brefZitdianum M-2166,3) Its

chemical  structure  was  determined by X-ray crystalographic  analysis  as  4-carbamoyl-1-

fi-D-ribofuranosylimidazolium-5-olate.4} We  then  chemically  synthesized  bredinin,5)

    The  conversion  of  purine to the corresponding  nucleoside  or  nucleotide  by living cel]s

has been called  sa]vage  synthesis  rather  than  de nove  synthesis.  Many  investigations concern-

ing these  conversions  by growing  microorganisms  have been pub]ished. For  example,

adenosine,6}  guanosine,7) xanthosine,S)  erotidine,9)  AICA-R9)  and  6-azauracyl ribosideiO)

have been salvage-synthesized  from their respective  bases by  diflbrent growing bacteria.
    Mammalian  purine nucleoside  phosphorylase has been shown  to catalyze  the  synthesis

ofinosine,  guanosine, xanthosine,  nicotinainide  riboside  and  AICA-R  from  their  correspond-

ing bases and  ribose-1-phosphate.ii-i2)

    We  hare report  some  results  of  the salvage  fermentation of  bredinin by various

micreorganisms  and  its enzymatic  synthesis  by  a  ce]1-free  extract  ofE.  coli.

Materials  and  Methods

   Reagents  The  aglycone,  4(5)-carbamoy}imidazolium-5(4)-olate, was  synthesized  in this laboratory

ftom  aminomalonamide  and  ethyl  ortheformate  according  to the  modified  procedure described by Schipper

*  This constitutes  Part IV  of"Studies  on  Bredinin".
 A  part of  this work  was  presented at  the  1st Intersectional Congress of  the  International Association ofMicro-

 bial Societles, Septembcr,  1974, Tokyo,
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Table  1. Screening program  for salvage  fermentation.

Temperature
   (eC)

Aglycone

Concentration
   ("gtml)

Addition period

BacteriaMoldsYeastsActinomycetes25, 37

  26

  2630,

 45

200500500500

Chr)-.

Cultivation
   Chr)

4482448 20967296

and  Day,i3) Ribose-1-phosphate was  obtained  from  the Sigma  Chemicai  Cempany, U,S.A. All ether

chemicals  wcrc  commercial  and  of  analytical  reagent  grades.

   Microorganisms  Micreorganisms  cornprised  of  50 strains  (50 genera) of  bacteria, 174 strains  (174

genera) of  molds,  19 strains  (19 genera) of  yeasts and  49 strains  (24 genera) of  actinomycetes  from  our  col-

lection were  used  in the screening  of  the salvage  synthesis  of  bredinin.

   Cultivation Bacteria werc  cultured  on  a  Monoshin  shaker  in a  medium  containing  4.0%  glucose,

O･5% peptone, O.5%  CaC03,  O.2%  (NH4)2S04, O,2% K2HP04  and  O.075% MgS04･7H20  (pH 7.5). Molds,

yeasts and  actinomycetes  were  cultured  on  a  rotar)'  shaker  in a  medium  containing  4.0%  glucose, 2,e%

peptone,  O.2%  KH2?04,  and  O,02%  MgS04-7H20  (pH 6.5 for molds  and  yeasts, pH  7.3 for actinomycetes).

Synthetic aglycone  was  added  during the  early  stage  of  culturc;  then  once  a  day  after  this addition  a  
test

for bredinin activlty  was  made.  For each  culturc  there  was  control  culture  run  without  the  aglycone.

General  culture  conditions  are  shown  in Table  1.

   Assay  method  for bredinin activity  Bredinin was  bioassayed by thc conventional  cup-plate

diflUsion procedure  using  thncfido albicans.  as  described in a  previous papcr.3)

   Identification procedure  Each  culturc  was  first tested for anticandida  activity  and  compared  to  the

control  culture  witheut  aglycone,  The  anticandida  activity  of  the  aglycone  wus  abeut  one  three-hundredth

that  ot' bredinin, thereforc, thc  error  in bioassay was  practically negligiblc.  When  the  control  culture  showed

bio-activity, the  culture  was  subjected  to ethy!  acetate-extraction  to remove  all  the  solvent  extractable  anti-

b{otics. The  rcsulting  aqueous  layer was  treated  with  an  anion  exchangc  resin  (Amberlite IRA-411,  
OH)

then  eluted  with  aqueous  acetic  acid.  The  active  eluatc  was  applied  to a  thin-laycr  chromatogram  (TLC,
Eastman's CHROMAGRAM  No.  6060) as  was  the  authentic  bredinin. The solvent  systems  and  the re-

spective  Rf  values  are  given in Tablc  2.

   To  detect brcdinin, the  chromatograrn  was  exposed  to uv  light at  280 nm  and  sprayed  with  1.0%  FeCls

solution.  For further confirmation,  the  band  on  the thin-layer  chromatogram  was  scraped  ofZ  then  after  the

water-extraction,  thc uv  spectrum  of  the  extract  was  ineasured.

   Isolation of  salvaged  bredinln  The  bredinin in the filtrate of  the salvage  culture  was  absorbed  on

a  column  of  Amberlitc IRA-411  (OH cycle>  and  eluted  with  2.0%  aqueeus  acetic  acid.  The active  eluate

was  concentrated  under  reduced  pressure, and  was  subjected  to Dowex-5e × 2 (H cycle) column  chromato-

graphy  developed with  distilled water.  The  excess  ag]ycone  was  not  eluted  in this  chromategraphy.  The

bredinin-containing fractions monitored  by  the FeC13 reaction  were  collected  and  concentrated  to a  syrupy

Tablc2.  Thin-layer chromatography,

Rf values

Solvent systems
BredininAglycane

a)  n-Butanol-acetic  acid-water,  3:1:1 O. 56

b) n-Propanol-14%  amrnonia  water,  10:2 O. 16

c)  Chloroform-methanol-acetic acid,  10:1;1 O. 14

O.60O.21O.

 62
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mass.  Ethanel was  added  to this concentrate  and  the  alcoholic  solution  was  kept overnight  at  50C to give
bredinin monohydrate  crystals.

   Preparation  of  the  cell-free  estraet  E. coli (ATCC 4157) was  used.  The  organism  was  grown at

37ea  in 100 ml  of  a  medium  which  consisted  of  thc  same  constituents  as used  in the  screening,  A  15 to 20 hr
culture  was  harvested by centrifugation  for 10 mln  at  5,OOO xg,  then  washed  twice  in O,05 M  phosphate buffler

solution  containing  5 mM  of  2-rriercaptoethanol <pH 6.0). The  washed  cells  were  then  suspended  in 10 ml
of  the  bufller and  were  sonicatcd  at  40C (8e W, 4min), Thc  sonicates  were  centrifuged  fbr 60 min  at  10,OOO
xgand  the supernatant  was  recentrifuged  for 60 min  at  105,eOO × g, This supernatant  was  used  as  the enzyme

solution.

   Assay  for enzyme  activity  A  mixture  of  50 ptg of ribose-1-phosphate,  O.3 ml of  the enzyme  solution

and  O.5 ml  of  O.2 M  phesphate  buflhr (pH 6.0) in a  total  volume  of  1 ml  was  incubated at  300C  for 60 min.

The  reaction  was  stopped  by placing the vessel  in a  boiling water-bath  for 1 min.  The  reaction  mixture  was

directly tested for bredinin formation by the  bioassay procedure described abovc.  0ne  unit  of  cnzyme  is

defined as  that  amount  which  will  catalyze  the synthesis  of  one  micromole  of  brcdinin under  the cenditions

 ,glven.

Results

    Screening fbr the  microorganisms  A  large number  of  microorganisms,

including bacteria, fungi and  actinomycetes,  in our  col]ection  were  wide]y  screened  for the
salvage  synthesis  ef  bredinin. This involved the  ribofuranosylation  ef  the aglycone  by

growing organisms.  In this experiment,  specific  and  sensitive identification preccdures for
detecting the  $ynthesized  bredinin were  the greatest problems. Thus  the bioassay method

was  supplemented  with  TLC  and  measurement  of  the  uv  spectrum  and  compared  to  results

of  similar  rneasurements  of  the  control  culture  without  the  aglycone.

    The  result  of  the  screening  is summarized  in Table  3. Microorganisms  marked

bredinin accurnulation  ovcr  11 psg per ml  of  culture  broth arc  listed in Table 4.

    All the  organisms  used  could  convert  the  aglycone  to bredinin, though  there  were

differences in their conversion  rates.  Among  the  test strains,  E:ipenicillium bref2]ldianum was

a  bredinin-producing erganism  which  ceuld  be utilized  eflectively  and  which  showed

outstanding  result.

    Salvage synthesis  by  Eupenicillium brefetdianum  M-2166  In the screening,

Etipc. brefletdianum exhibited  the  best activity  for the  conversion  of  the  aglycone.  The
significant  increase in this activity  during salvage  synthesis  suggested  that  the organism

would  be usefu1  for the  bredinin production, Bredinin was  produced  by both the  de nevo
and  salvage  syntheses  routes.

    The  eflbct  ofthe  cQncentration  ofaglycone  in the  culture  medium  was  examined.  The
aglycone  was  initially added  in vaTying  concentrations,  and  the  seed  broth which  had  been

Table  3. Salvage synthesis  ofbredinin  by  various  microorganisms.

Organisms
   Accumulation  of  bredinin ("glml)

<5  6-10 11-20  >21

Bacteriats{oldsYeastsActinornycetes397467  8 2

53 35

 9 4

23 13

112o6

Numerals  show  the  number  of  strains  ,

NII-Electronic  
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Table4.  Microorganismsshowingrelativcly  high accumu!ationsofbredinln.

Strains

(a) Bacteria
  Escherionia coli

  Microbaeterium tacticum

  Micrococcus lysodeikticus
(b) Molds

  AspergiUus acttleatus

  BotrvotrichumPilulifbrttm

  Cephaliophora tropica

  CVleloridium chlanevdesperis

  (])lervsosporiumkeratinophitum

  Circinetta miner

  Cbemansia brasiliensis

  CbrdanaPaucisaptata

  Delitschia marchatii

  DiqPortfiePhaseolorum

  Dichotomon!yces albus

  Emericetla nidulans

  Endbthiaparasitica

  Et{Penicitiium brofleldianum

  fibmesfomentarius

  FUtsidium coccineum

  Getasinospora cerealis

  Gilmaniella humisota

  Glometelta eingutate

  Got!ytrichum macroctadum

  (lymneascus umbrinus

  Hdmigera avelanea

  Kabatiella cautivera

  Loptogrophium kitay'imana

  ?Vdetanospora zamiae

  Microasonstrigonosporus

  Microthecium retisporum

  2tcfttcor mttcedo

  IVlrosarteayafischenf

  IVlaurosporatetrasperma

  Phame  citricafPa

  Phomopsis oblonga

  Sopedonium chcysospermum

  ShanereUa spirotn'cha

Accumulatien
 ofbredinin

   (nglml)

1:
Strains

Accumulation
 ofbredinin

   (pagfml)

23**18*19*

 22

 14

 11

 11

 18

 23

 14
 30

 I2
 34

 14
 11

 30300

 11

 12
 12

 19

 13
 12

 11
 11

 11
 20

 11

 11

 20

 22
 20

 46

 12
 18

 12

 41

    SV)orormdelta minima

    Serdariafimicota

    Staciewbotrysatra

    Stempiipiium astragali

: 7lataron!ptcesheltcus
    71eermnastus crttstaceus

    ZEielavia terricola
i
 71.ichecladium asperum

i 7lichoderma viride

    Ztichopipton mentagropdytes

    7lichothecium rosettm

i PVbrdon!yces anomala

i 2!J{gordynehus moeUeri

  (c) Yeasts
    Hdnsenula anomata

    reayveron!J,ces tactis

    Rhedoterula rubra

1' Sbcchareayces cerevisiae

  (d) Actinomycetes

    Actirrobptda dichotomica
    (thainia antibiotica

    C. Iava
    C, minuttscterotica

    C. ochracea

    C. Poonensis
i' Elytrosperarrgt'um brasitiense
f

    Micrebispora aerata

    Micropelyspera caesia

     Mcardia asteroidesL
     N, collarina

    Stmptompces dehaniensi's
iI
 S, bikiniensis
/i

 S, griseus

     S. haistedii

    StroptoiJertict'ltiumgriseocarneum

     Stv. kentucilense

I Stv, netropsis

'
 Tkermomonospora curvata

15251315en1518143015151420

15111315

Temperature  for cultivat{en  
*
 30eC

                            
**  37eC

                           ***  450C

15***11*32*20*15*29*15*15***15***20*30*15*17*12*14*34*22*43*20***
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Table  5.Eflbct  of  theconcentratien  of  the  aglycone,

  'Concentration

 of  aglycone

  (ptg/ml)

Bredininactivity (ltgfml)

Maximum Increased

Conversion rate
    (%)*

   o

  10

 1001,

 OOO

243264366949

 21

 93706

10046

 35

* The  cenversion  rate  was  calculated  as  fo11ows:

    Increased activity  ("giml)'Added'EglyEone(ptglml)
 × 2,03---

 × 1OO

precultured for 48 hr was  transferred  to the  respective  medium  in about  a  2%  inoculam.
As seen  in Table 5, bredinin activity  increased with  the rise  in the  concentratien  of  the
added  aglycone,  whereas  the  conversion  rate  decreased,

    Table 6 shows  the  effect  ef  the  addition  time  of  the aglycone.  Since it was  scarcely

soluble  in water,  its hot aqueeus  solution  (ca. 500C, 1O mgfml)  was  added  at  diflitrent culture

stages.  The  cultivation  was  carried  out  for 120 hr. When  the aglycone  was  added  at an
early  stage  of  culture,  good results  were  obtained.

    The  conversion  ofthe  agiycone  by  resting  cells  was  also  examined.  A  3-day old  culture

was  harvested by  centrifugatien  and  washed  three  times  in e.1 M  phosphate  buffer solution

(pH 6.0), The  washed  cells  were  suspended  in phosphate bufller containing  1.0%  glucose,
O.Ol%  MgS04･7H20  and  O.050/, of  the  aglycone  in the  same  volume  as  the  original  cujture.

Then  the  suspension  was  shaken  at  300C for 72 hr. As shown  in Fig. I, bredinin was  eb-

viously  synthesized  l'rom the  aglycone  by the  resting  cells  though  s]ight  activity,  probably
due to de novo  synthesis,  was  observed  in the  control  group without  the  aglycone.

    The  effbct  of  purines on  saLvage  fermentation was  examined.  Results demonstrated
that  adenine  completely  inhibited de novo  synthesis  at  a  high concentration  but did not

inhibit salvage  synthesis  (Table 7). The  other  bases used  had no  significant  efflect.

Bredinin was  actually  isolated from the  salvage-cultured  broth in a  yield proportional to the
increased activity.  For exaple,  5 1 ef  the  salvage-cultured  broth, to which  500  psg/m}  Qf  the

aglycQne  had been added  24 hr after  the inoculation, was  filtered to give 4.1 1 of  the filtrate

(bredinin potency: 500ptg/ml). In the  parallei run,  the control  culture  without  the

Table  6.Effbct ef  thc  addition  time  of  the  aglycene,

Addition time

   (hr)

Maximum
 activity

 ("glml)

Increasedactivity

 ("glml)

Conversion
  rate

  (%)

o244872 378420375263 261303258146 26302514

Control 117
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=Exvav=o:--vE6H-==v

¢
Lm

IOO

BO

60

40

20

 24  48
Shaking time(hr)72

Fig,1. Salvagesynthesis

 of  Etipc, brefleldianum,of

 bredininby resting cells

Table 7.Effbct  of  purines on  salvage  fermentation by  Eopc,brefletdianum.

Purincs(psglml)  Aglycene
(500 ptgtml)Total

 bredinin
   (ptgiml)

Salvaged  bredinin
    (pgtml)

Conversion  rate

    (%)

Adenine  (1,ooO)
  m  (")
  "  (100)

  m  (m)
Guanine  ( 1 ,OOO)
  "  (")
  "  (100)
  m  (m)
Xanthine  (1,OeO)
  "  (")
  "  (100)
  m  (")
Hypoxanthine(1,OOO)

"

  m

  "Controlm

( m  )(100)(m>

YesNoYesNoYesNoYesNoYesNoYesNoYesNoYcsNoYesNo 513Trace

 643ax

 675
 217
 678

 240
 733

 274

 808
 263

 618

 189
 665

 315
 763

 281

513

379

458

438

459

545

429

350

482

51

27

47

43

45

M

42

35

48

A  48 hour-old culture  was  transferred  to each  medium

composition  and  the culture  conditions  are  described in the  text.

hr after  inoculation. The  amount  of  salvaged  bredinin was  calculated  by subtracting  th

without  the  aglycene  froin the value  with  the aglycone.

contalmng  purine. The  basal medium

The  aglycone  was  adcled  at  24
             

'
 evalue
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aglycone  showed  a  potency  of  200 ptglm]. After treatrnent of  the filtrate with  ion-exchange
resins,  960  mg  ofthe  crystals  were  obtained.  The  crystals  were  identical with  the  authentic

bredinin monehydrate  in a]1 respects  including their physico-chemical and  biological
      .
propertles.
    Salvage synthesis  by  E.  coli  To  investigate salvage  synthesis  in detail, E. celi

was  employed  as  the test organism.  Various conditions  infiuencing salvage  synthesis  were

tested. Results are  given in Fig. 2. E. coli was  shake-cultured  at  370C tbr 20 hr in the  same

medium  as  that used  in the screening.  When  the aglycone  was  added  at  4 hr after  inocula-
tion, the  maximurn  accumulation  of  bredinin was  observed  (Fig. 2-A),
    Bredinin accumulation  increased with  an  increase in the cencentration  of  the added

aglycone,  but  there  was  no  significant  difference in the  conversion  rate.  The  concentration

of  glucose or  phosphate  in the  medium  markedly  influenced conversion;  the  optima  con-

centrations  being 4.0%  and  O.5%,  respectively  (Fig. 2-C and  2-D). The  initial pH  of  the

medium  was  a]so  an  important factor, the value  of  pH  6.0 was  optimum  as  indicated in
Fig. 2-E.

    250 pagXinl aliquots  of  purines or  pyrimidines were  added  to the  medium  and  their

effects  were  tested. The  addition  ofguanine  produced about  a  two  fbld increase in activity,

but adenine  inhibited the  cQnversion  by  about  one  fourth, in comparison  to  the  contro].

Adenosine  and  adenosine-5'-menophosphate  were  slightly  inhibitory whi]e  guanosine and

guanosine-5'-monophosphate were  slightly  promotive (Fig. 2-F). However, no  other  bases,

nucleosides  or  nucleotides,  i.e. xanthine,  hypoxantine,  xanthosine,  inosine, xanthosine-5'-

monophosphate  and  pyrimidines had  any  remarkable  eflbct.

=Exo"v=o4-oELoL-rr.c[voLan

N

2

50

20

IO

48  12
(cu)t.hr}

lone

500  l5C])

 (tL9!M])

(EHnltial pH

20

10

n

     2 5 4
       (%)

5

O,5 1,5% 678  20  40

   C%) {pH) (cult. hr)

    Fig. 2. Conditions for salvage  synthesisby  E, coli.
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   50

ES
 40

1･--"e-
 30Et'-E

 20.EvvLm

   lo

5 IO

   Tirne{hr)15

20

Fig.3. Enzymaticsynthesisofbredinin,

       A  rnixture  of  the aglycone  (50 "g),  ribese-1-

   phosphatc  (50 pg)  and  the  enzyme  (5.9× 1O-a u)

   in a  tetal volume  of  1.0 ml  of  O,1 M  phosphate

   buflbr (pH 6,O) was  lncubated at  30eC,

Table  8.Efllect  of  adenine  or  guaninc  on  the  cnzymatic  reaction.

AG:  synthetie

AD:  adenine,  GU

centrations  of 50 "gtml,

                               Enzyme  activity

    
Reaction

 
sySternS

 (× 10-SUfrng  protein)

AG+R-1-P+ENZ  5.9

AG+R-1-P-  ENZ+AD  O.O

AG+R-1-P+ENZ+GU  5.7

'"
 

"'
 

'aglY}6ne,
 R-11i'l"r'itto' sell-bTh'osphate,  ENz:  enzyme  solution,

      : guanine. Adenine er  guanine was  added  to make  final con-

-vh

±--)6oor>-v

¢

or

loo

80

60

40

20

5 6 7 pH

Fig, 4, Optimum  pH  of  the enzytne  from  E. coli

   which  catalyzes  the synthesis  of  bredinin from
   the aglycone  and  ribose-1-phesphate

   (purine nucleoside  phosphorylase).
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-.Ee9amEx=nlo-xvx-)'oomE')'Nctu

o IOO 2co 3oo  4co

con ¢ ,of  base  (pgfml}

Fig, 5. Eflbct of  adenine  or  guanine on  enzyme-

   induction,
      E  coti was  shake-cultured  at  370C for 20 hr
   in media  containing  adenine  or  guanine  in addi-

   tion to the  basal co'nstituents,  Harvested  cells

   were  immediately  sonicated,  then  the  enzyme

   was  prepared  as  described in the  terct.

   Enzymatic  synthesis  of  bredinin A  mixture  of  50 pag of  the aglycone,  O.5 ml  of

the  sonicated  homogenate from E. coli  and  O.4 ml  ofO.2  M  phesphate  buffer (pH 6,O) in a
total volume  of  1 ml  was  incubated at  300C fbr 3 hr. After the reaction  mixture  had  been
treated  at  100eC for one  min  it was  bioassayed and  showed  4 pg/ml  ef  bredinin formation.
In a  similar  reaction  system  using  the  dialyzed homogenate,  no  bredinin activity  was  observ-

ed.  This  suggested  that  the  homogenate probably  contained  ribose-l-phosphate  as  the

substrate.  Actually bredinin formation was  significantly  increased when  ribose-1-phosphate

was  added  to the  reaction  system.  Fig. 3 shows  the  resu]ts  of  the enzymatic  synthesis  of

bredinin using  an  enzyme  solution  from E. coti.

    Enzymatic synthesis  was  completely  inhibited by the  addition  of  adenine,  however,

the  addition  ofguanine  had not  influence on  the synthesis  (Table 8).
    The optimum  pH  of  this enzyme  was  about  6.0 as  shown  in Fig. 4. The  enzyme  was

markedly  induced by adding  adenine  or  guanine to the  medium  in the E. celi culture.

Adenine  was  a  more  eflbctive  inducer than  guanine  as  shown  in Fig. 5.

Discussion

    In the present study,  bredinin was  synthesized  by microbial  and  enzymatic  reactions

and  various  conditions  which  might  efllect these reactions  were  examined.  Resurts are

summarized  in Fig. 6, In salvage  synthesis  by grQwing  microorganisms,  all  the  organisms

used  were  capable  of  converting  aglycone  to bredinin, though  they  diflered widely  in their

conversion  rates.  Mammalian  cells  also  converted  the aglycone.  When  the aglycene  was

intraperioneally administered  to a  rat,  bredinin activity  was  recognized  in its blood and  in

its urine.  This was  confirmed  on  the  iso}ation of  crystalline  bredinin from  the  rat's  urine

(Tsuiino M.  et al., 194th Meeting ofJapan  Antibiotics Research  Association, held in Tokyo,

July 26, I974). These  facts suggest  that  the ability  to perform  salvage  synthesis  is very

common  and  normal  in Iiving cells,

    Koaze et al. widely  screened  a  large number  of  strains  of  microorganisms  (75 bacteria,
38 yeasts, 48 molds,  and  49 actinomycetes)  capable  of  converting  adenine  to adenosine  but

they  found that  no  microorganisms,  except  for two  bacterial strains,  could  accumujate

adenosine.7}  Their results  do not  negate  the ability  ofmicroorganisms  to  carry  out  salvage
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synthesis,  because salvage  synthesis  would  be cata]yzed  by purine  nucleoside  phosphorylase
which  is widely  distributed in microorganisms,  Their negative  results  are  probably  due to

problems  concerning  detection or  culture  conditions.  Therefore, specific  and  sensitive

detecting procedures are  exceedingly  important.

    For  the  enzymatic  synthesis  of  bredinin when  using  a  cell-free  extract  from E. celi,

purine nucleoside  phosphorylase might  act  as  a  catalyst.  Although the  aglycene  is a

imidaze]e, it is somewhat  related  to the purine precursor in its structure  and  would,  there-

fore, be a  suMcientsubstrate  for purine nucleoside  phosphorylase. In this synthetic  reaction,

bredinin-formation was  approximately  50%  that  of  the  theoretical  yield. This  is thought

to be due to the  reversibility  of  the  enzyme.

    The  optimum  pH  va]ue  of  6,O for the synthesis  coincides  we]1  with  the  initial pH  value

for cultivation  in salvage  synthesis  by  growing cells  of  E. coli.

    Adenine p]ayed interesting roles  in this study;  as  an  inducer  ofenzyme  formation and
as  an  inhibiter ofthe  synthetic  reaction  and  the de novo  fermentation ofbredinin.  Adenine is
considered  to serve  as  a  competitive  inhibitor in the  inhibition of  the  synthetic  reaction,

The  reason  why  the de novo  fermentation is inhibited by adenine  is not  clear,  since  the bio-

genesis of  bredinin is not  yet known. However, salvage  synthesis  was  not  infiuenced by
adenine,  as  seen  in Table  7. This  is probably  due  to the  induction ofthe  enzyme  by  adenine.

For imprQved bredinin production, salvage  fermentation using  Eapenieitlium brefbldianum is
very  usefu1.
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