
The Society for Bioscience and Bioengineering, Japan

NII-Electronic Library Service

TheSocietyfor  Bioscience  and  Bioengineering,  Japan

IHeHftng  179

lHl5mlPhysiologica], enzymatic,  and  metabolic  studies  of
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 (ilnst. Adv. Biosei., Kcio  Univ.. 2])ept.
 ot' Biochern. Eng. Sci..
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Construction of  gene knockout strains  and  thcn study  of  their  characteristtcs  and

capabil{ties  is an  example  ofthe  rapidly  growing ficld ot' systernatic  bioscience.In
this

 study. we  have detem]ined and  compared  the response  of  E.coli to genetic
and  envirunmenta]  rnodutations  by cornbinlng  physiologicul, cnzymalic  ancl

mctabolic  approachcs.  E.celi with  geiie deletion in pentese phosphate pathway
(PPP) was  survcycd  for its grewth and  metab"lic  phcnotypes  as well  as cnzytne

autivitics  that arc  lecHted at  key brunch points and  involved in the  NADPH
formution.Tt

 
was

 found thal mutations  in gnd  or  p!V'alone  ted r{) ne  significantly  diffeTent

grewth  phenotypcs  from those ef  wild  type cells. However, enzymc  actMty

analysis
 suggested  that  gcnc deletion uauscd  uberranl  expression  ot' enzymes  in

dit'ferent
 ccntral  metabotic  pathways and  activated  enzymes  thal were  not

necessari]y
 required  in wild  type cells. Further metabolic  fiux anaiysis  confinncd

thcse  changes  in central  metabolic  pathways, und  thc fiux distribution vatues

allowcd  these  changcs  to be guantifiud. Our  results  provide evidcnec  that
considerabte  tlexibility in cenrrai  melubolism  permits the  mctabolic  netwerk  te
cuurdinateitselfwithgeneticande]virenmentalnu]dulutiens.
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[Obiecfive] Tn the  present study.  several  nji knockout  E.ceii strains  wcrc

cultivated,  antl  the intracetlular regulation  mcchanism  for lactate produetien was

{nvestigated by mcasuring  intraeellular  metabolite  conccntrations  and  cnzyme

ac[ivities.(Methods

 and  Results] E  coli  BW2Sl13  and  its nfi knoekeut  murants,

JWe8S5  and  JWOS86  were  cuttivared  using  sevcra]  carbon  sources.  Some

intracellular mctabolite  concentrations  and  enzyme  activities  were  measurcd

based on  the preduction or utilizution  ot' NADH  or  NADPH.  
'['hc

 result  shows

Lhut  the nllA  and  nfiB mutant  strains  can  readity  fermcnt g]ucese and  timctese as
welT

 as gtyccrol to lactatc. Thc  lactaLc d:hydrogenase  and  glyeeraldchyde
dehydrogenast: activity  were  significantly  higher in nli mulants.  Those  are

consistent  with  thc ]urger amou]t  of  intracellular fructose 1, 6-bisphosphate and

pyruvate pool sizcs  in nfiA- and  nfrB- strains.  
'Fhc

 intracetlular NADHINAD
ratio  was  a]so  found tu be high in the  mutants.  which  prornote Lhe lactate
production from rednx  balancc point of  view.
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(Obiective] Pyruvute  dehydrogenasc complex  plays key  ro]es  in the  metabelic

nctwork  of  dscherichia coii.  In the present work,  the metabolic  regulutien

Tnecha]ism  was  studied  using  lpdA knockout E.t/oii by measuring  enzyme

ac{ivitics  and  intracellular metabolile  concentrations,  as  wcll  as two-dimensional
electrephoresis.

[Methods and  Results] E,t･oli strains  BW2SH3  and  its ipdA mutunt

derivative were  used  jn this stud).  Elutch cultivalions  wcre  carried  ouL  at 37e(J in
S-Liter

 fermcntor undcr  aerobic  condition  using  D-gtucosc . pyruvate Hnd  acetate

as
 
carbon

 
seurccs.

 respeclively.  Thc  resull shows  that the lpdA mutant  produced
htgh

 
concentraliun

 of  pynLvaLe using  glueese as carbon  souruc.  The  poel uf

ucctyt-CoA  is supplemented  by the  reacLiens  through pyruvatc oxidase,  acetatc

kinasc-phospht]
 ucctyltransferase.  accty]  CoA  syiithasc. The high concentratien

of  pyruvatc t'orn)ation may  be due to  ihc  deformity ef  thc  PDHc, which  is the
muin  cnzyme  catulysiiig  the  reacLien  f'rom pyruvale te TCA  cycte.

Fcrmentation characterlstics  und  cniyrne  regulation  patterms vvcrc  invesligHied tbr
tLpc gene  knoc/kout in E.coii. Aerobic batch eultivations  with  diff'erent curbon

sources  such  us  u]ucuse. pynuvate  and  ucctate  were  curried  out  for boEh ppc'-
Tnutant  and  its parenL struin. Microaerobic fermentation -'as  alsti  conducted  with

glucese as  a  curbon.  ]t wus  found f'rom the acrebic  baLth culture  using  glucosc as
a  carbon  source  Lhut thc cel] yfetd was  improved by ubout  14 %  in ppc-  mutunt  as

compared  witb  lhe purent strain  due  Le the reduucd  preductien of  acctale  and

carbon  diexide. Sin]ilarly, signiticant  enhancement  ofceTl  yietd and  reduction  of

acetate
 produclitm werc  observed  im pv)c- mutant  grewn  on  pyruvate. Howevcr.

littLc difilerence bctvvecn the lwo  strudns  was  obsen'ed  when  using  aecLaLe  as  a

tarben  sollrcc,  1.rnder m+cruucrebic  condition,  m)c-  mutant  promoted  lactate

produution by dnorc  than 2 fold whilc  succinate  forn]ation decrcased sLgnitlcantly
as  counpHred  "ith  those in its parcnl strain.  24 different cnzvrne  activitics  were

assaycd.  Thc  results  showed  that Pyk vL'as upregu]liLcd  jn pv)c- mutant  gro-'n un

g]ucose u]dev  aerobic  condition  as cornpared  with  its parent stru{n.

(roTicemitant]y, 6PGDIt  activity  ii PP  pathvvay signit'Tcanrly  decreased. FB,AL and
6PGDII  may  be lhe  mujor  enzymes  thnt limits thc  aereblc  glucose utitizutiun  ;n
rv){'- mutant.  Surprisi]]gly, il wus  tbund that the eells  rcplenish  OAA  by
actjvating  glyeKytute cycle  in mpc. Tvutant.
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