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P s ~ d o m o n a s  fragi  c o n t a i u s  a c o n s t i t u t i v e ,  p a r t i c u l a t e  ahh~.~., d e h y d r o g e n a s e .  T h e  
e n z y m e  ox id i ze s  i t s  s u g a r  s u b s t r a t e s  to  the  y - l i l c t . n e  ~f t he  c . r r e s p o m t i n g  ahtonic  
ac ids .  An  i n v e s t i g a t i o n  o f  prope.rtie-; o f  Lhe enzy rne  showed  t h a t  all s u b s t r a t e s  a re  
o x i d i z e d  b y  a s ingle  e n z y m e .  

T h o u g h  t h e  e n z y m e  is c o n s t i t u t i v e ,  g r o w t h  did  not  .¢~.em to  be  c o r r e l a t e d  wi th  
o x i d a t i o n  o f  t h e  s u g a r  b u t  r a t h e r  w i th  metab t~ l i sm ~f t h e  prc~d,~ct o f  o x i d a t i o n ,  i.e. 
the  s u g a r  acid.  T h e  e n z y m e s  ox id iz ing  the  s u g a r  ac ids  a n d  o - a r a b i n o s e  h a v e  d i f fe ren t  
p r o p e r t i e s  f r o m  those  o f  the  a ldose  d e h y d r o g e u a s e .  These  e n z y m e s  are  zoluble,  a re  
~ormed b y  i n d u c t i o n  a n d  are  h igh ly  specif ic for t he i r  i n d i v i d u a l  s u b s t r a t e s .  

tx ri~o;~t:~ "Hox 

Pseudomonas fragi  is an o r g a n i s m  c a p a b l e  o f  g r o w i n g  on  a v a r i e t y  o f  carbohy0r~ztes  
i nc lud ing  t h e  four  c o m m o n  p e n t o s e s  t. In  a s t u d y  of  the  m e c h a n i s m  b y  which  th i s  
o r g a n i s m  degrac ies  t h e  pen toses ,  it was  f o u n d  t h a t  the  suga r s  we re  all ox id i zed  v ia  
s imi l a r  p a t h w a y s  wh ich  c o n v e r g e d  in f o r m i n g  ,x-ketogln,*-'~rate. H o w e v e r .  s o m e  
d i f fe rences  were  f o u n d  in t h e  e n z y m i c  r e~pon .~  o f  t h e  o r g a n i s m  to  the  va r t ous  pen-  
roses .  T h e  e n t i r e  e n z y m e  s y s t e m  f~r ox id i z ing  t : - a r ab inose  was  in t i ;e soiuifi.- f r a c t i on  
o f  sonic  e x t r a c t s  o f  <:ells g r o w n  on  D-arabiJ i t~e .  On t h e  o t h e r  h a n d .  t h e  first sty, t) f~r 
o x i d i z i n g  L-a rab inose ,  ~ - x v l o m  a n d  t~-r~bo,-,, ". :,.~ ca ta l~zcA b y  the  p a r t i c u l a t e  f r ac t i on  
o f  e x t r a c t s  whi le  the  e n z y m ~  fi>r the  r e m a i n i n g  s t eps  were  p r e s e n t  in t h e  so luble  
f r ac t ion .  

Th i s  s t u d y  is concerm+~l wi th  t h e  phys io log i ca l  cond i t ion~  u n d e r  wh ich  the  va -  
r ious  e n z y m e  s y s t e m s  a rc  f o rm ed ,  a n d  w i th  ~nme of  the  p r o p e r t i e s  o f  the  p a r t i c u l a t e  
p e n t o s e  d e h y d r o g e n a t e s .  

A b b r e v i a t i o n :  PMH. p h c n ~ i n e  rne thosu l f&te .  
" T h i s  is  -~ l~bor -~ tory  o f  t h e  Northe. t-n Uti l iz~ti t~n R~:~t~xrt=h ar id  I2havc lopment  Divi.~ion. 
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I~. X P E  It I.M E .N'TA L 

1". fragi N R R I  B-25 was  g rowp,  harveste( ' ,  and  suspended  as res t ing  cell~ or ex- 
t r a c t e d  in to  cell-free p r e p a r a t i o n s  as p rev ious ly  descr ibed  t. 

Sugars  were  d e t e r m i n e d  b y  the  metho<t o f  SCNALES AtgD SCHa[.E.~ 2, la~tonc as 
h y d r o x a m i c  acid ~ a n d  a ldonic  ac id  as  lacton~: a f te r  h e a t i n g  in ac id  solut i (mL O x y g e n  
c o n s u m p t i o n  was  m e a s u r ~ l  by  s t a n d a r d  W a r b u r g  m a n o m e t r y .  P y r i d i n e  nuc leo t idc  
r e d u c t i o n  was  a~gayed on a B e c k m a n "  D U  s p e c t r o p h o t o m e t e r  a t  34 ° rap,  dichlon>- 
p h e n o l - i n d o p h e n o l  r educ t i on  was  fo | lowed a t  600 m~,  c y t o c h r o m e  c a t  550 m F a n d  
p.-tz-,.'siuru t~r r icvanide  a t  4..1o m/~, 

L-ga3actose was  a gif t  of  Dr.  3,V. Z. HASSID. P h e n a z i n e  m e t h o s u l f a t e  was  suppl ied  
by  I)r. J .  ~V. _NExw]oN. All ~nher ¢:hemicals were p repa red  t)r o b t a i n e d  as r e p o r t e d  
previousl.v t . 

RF.S[: L T s  

Relationship of ~uga~" utilizatio~ to gro~vlh 

oz t r v p t o n e ,  o/ Cells of 1'. frugi g r o w n  on a m e d i u m  o f  o.x /o _ o . r  .o y e a s t  e x t r a c t  a n d  
o.5°.i, glucose,  were i n o c u l a t e d  in to  a s y n t h e t i c  m e d i u m  c o n t a i n i n g  one o f  the  pen-  
toses as the  .-xfle carborz source.  F o r  reasons  t h a t  will be d i s c u ~ e d  later ,  the  ~ame 
ined ium wi th  e i ther  gluco.~, or  gal,~ztose as .q01e car.~on source  was  ak~o inocu la t ed .  
Tl,e re_-ults (Fig. t) sl-. ~v, t h a t  om.v in the  case o f  D-arabino.~. was  ti tere a n y  app rec i ab l e  
lag in g r o w t h  a n d  in suga r  c o n s u m p t i o n .  W i t h  the  o t h e r  sugars ,  o x i d a t i o n  o f  the  
s u b ,  t r a t e  ~eemed to begin i m m e d i a t e l y  u p o n  inocu la t ion .  A l m o s t  all t he  suga r  w,t.~ 
c o n s u m e d  before m u c h  g r o w t h  ttx~k pla, 'e. G r o w t h  seemed to  be  b e t t e r  co r r e l a t ed  
wi th  l : tctone d i s appea rance .  T h e  resul ts  w i th  ga lac tose  are  espec ia l ly  i n t e re s t ing  in 
tha t ,  even t h o u g h  the  o r g a n i s m  could  oxid ize  the  subs t r a t e ,  no  g r o w t h  of  t he  o rga-  
nism ~ccur red  on this subs t r a t e .  

[n cu l tu re  m e d i a  wi th  L - a r a b i n o ~ ,  xy lose  or  rib~)se as  5ub.~trates, it ix the  corres-  
p o n d i n g  l ac tone  r a t h e r  th.-.tt: t.he fr~_~ acid t h a t  accurn.mh~t~,g. Tl~e reverse  is t rue  w h e n  
'-ix~: ceils are g rowing  on t>-arabin~)se. U n d o u b t e d l y  this  a c c u m u l a t i o n  o f  l ac tone  is 
due  to the  absence  o f  a n y  l ac tonases  in cells g r o w n  on the  first th ree  subs t r a t e s ,  
whereas  the  celLg g rowing  on ~ -a rab inose  Ix)s.~e~ an e n z y m e  t h a t  will h y d r o l y z e  D- 
a rabono-7 -1ac tone  t. Cells to wh ich  ga lac tose  has been  suppli~',! "..~ ~ , h s t r n t e  a c c u m u l a t e  
g a l a c t o n o - y - l a c t o n e  in the  cu l tu re  fluid. Since the  o r g a n i s m  uses ne i the r  the  l ae tone  
nor  galactoni¢: acid for g r o w t h ,  the  ac id  a c c u m u l a t , ~  in t h e  m e d i u m  as t h e  l ac tone  
s lowly h y d r o l y z e s  s p o n t a n e o u s l y .  W i t h  g lucose  as subs t r a t e ,  t i t t le l ac tone  or a ldon ic  
acid a c c u m u l a t e s  a n d  t h e n  for o n l y  a shor t  t ime.  Cells g r o w n  on glucose  c o n t a i n  a 
lactona~e a, b u t  it is specific for g l u c o n o ~ - l a c t o n e .  T h e  resul ts  wi th  g r o w t h  on glucose  
ar~ no t  s t r ic t ly  ,:omparal-,le t o  those  o b t a i n e d  wi th  the  o the r  s u b s t r a t ~  since the  
i n o c u l u m  h a d  been  g r o w n  on a m e d i u m  c o n t a i n i n g  glucose.  

E,Lzvmic patterns of  cell-free extyacts of tL fragi g~uu.n on various slcbstvates 

I.-Avabinose, x)4ose, ril~se and ghtcose: TILe soluble  f rac t ions  f rom cells gr(~wn 
on these .~ ab~trates  were devo id  o f  d e h y d r o g e n a s e  a c t i v i t y  on a n y  ~Jf the  compo~mds.  

' B e c k m a n  I n s t r u m e n t s ,  I n c . ,  P a l e  A l t o ,  C a l i f o r n i a .  P r o d u c t s  m e n t i o n e d  a r e  n o t  e n d o r s e d  
"uv th t .  I." S .  D e p a r t m e n t  o f  A g r i c u l t . , , ' e  o v e r  o t h e r  p r o d u c t s  o f  t h e  s a m e  q u a l i t y .  
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~ 2  R .  X ~ ' E I M B H R G  

Oxidat ive  abil i ty was found only in the par t icu la te  fractions. The.~e paxticlcs showed 
a low degrcc of specificity in that they were capable of catalyzing the oxidation of 
number of sugars. As an example, the results with thc particulate fraction from cells 
grown on t+-arabint.~-e are presented in Table I. This .same enzymic pattern xva~s ob- 
ser~'ed with all par t icu la te  f ract ions of  P+ fragi regardless of the subs t ra te  upon 

T A B L E  1 

R I : L A r [ V E  R A ~ F . ~  Ota" O .~ f~DATIO/ ,~  ¢-~F V ~ , ~ I ~ ' I I T ~  ~t..ICa..'.1~.~, f l y  ~k'A+%~IEI~ PAR'rIcLL+-~5 

OF Pse~domuna-s fr~gi GRO~VN ON I .-AI~ABIN051~ 

I n  t h r  ,x~ain  c o m p a r t n l e n t  o f  a % V a r b u r g  t ' la .sk w+.-re placcv.l o . 3  m l  cr~ , t l , :  p a r t i c l e s  ( o . 8  m g  5" q n l ) .  
o . ~  m l  o . o  5 M M g S O a  a n d  t +6 n t l  o . x  M p h o s p h a t e , -  ( p H  61+ T h e  s u g a r _ . ,  a t  a c o n ¢ c n t r a t ~ : m  t ) f  i . o  M .  
w e r e  a d , h . d  t(, t h e  e n z y m e  f r < , ~  t h e  v e s s e l ' s  s i d e  ~ t r m s  i n  a vol t ln l~ . ,  t ) f  o . !  r n l .  T h e  cen t<+r  w~-]l 

c o n t a i n e d  o. '~ m l  - ~ o ~  K O I [ .  

( ; l u l c t ) s c  zf)  4 Trch~tlosc o 

(~al~ .c tO~C 2()+1 D-  A r'~l>i n o¢~ o 
t . + A r a b l n o ~  .z6 4 t ) - [ .  ¥ ~:t ~.'-m o 
X y l o a e  x 7 g t . -  R h a m n o ~ e  o 
M at~ntz~.e 1 6 5  M a ] t t ~ e  o 

( . ~ h J C o s a m i n e  ; 0 8  S u c r t ~  o 
r* ,> ta .~ iu l~ t  g l u c o n a t e  i o z  I ' o t . ' ~ i u m  L - a r m b "  n o t e  o 

R i b o z e  3 5  P o t a . ~ u m  r ) - a r a b o r u a t e  o 
L a c t o s e  : 9  P o t . a s s i u m  g a l a c t o n a t e  o 
C¢ l lob i t~ .~ .  t ~ A m n ~ o n i u m x v l o r m t e  o 
L- lo'uc<>.~c o P o t a s s i u m  r i ' k ' ~ m a t  e o 

I t /  I t~ ' l l  

which the organism was grown. Also, the re la t ive  ra tes  at which the  sugars were 
oxidized werP tile same in all cases. This  same p a t t e r n  occurrecl in part ic les  f rom 
ceils grown on D-arabinose (which is no t  a subs t ra te  for the  enzyme)  and even ceils 
gruwn in a medium composed only of o.5O,/o yeas t  ex t r ac t  plus o.50/o t ryp tone .  Thus,  
the  enzyme  sys tem cata lyzing the oxidat ion  of  L-arabinose, xylose, ribose and glucose 
can be considered to be an aklose dehydrogenase  tha t  is cons t i tu t ive  in P. fragi. 

On the o the r  hand,  the  soluble fract ion from these cells conta ined  the enzyme  
systems fi)r oxidizing the pentonic  acids to t l -ketoglutara teL Here  there  is some 
re!ation,~hip between the growth  subs t ra te  and enzymic  ac t iv i ty .  Cells grown on L- 
arabinose and xylose conta ined  a specific oxidizing sys tem for the  corresponding 
sugar acid (Fig. zA, B). As repur ted  t, no sys tem for oxidizing r ibona te  can be found 
in cell-free ex t rac t s  from cells grown on ribose; however ,  the ex t r ac t s  f rom the~e 
cells can oxidize xy lona tc  (Fig. 2C). The  relat ionship of  xy lona te  ox ida t ion  "~0 
ribo~e metabol ism in r ibose-grown cells has not  been inves t igated .  Cells grown 
ei ther  ~;n glucose or in a med ium lacking any  c a r b o h y d r a t e  source c:mtain none of  
lhcse sugar acid-oxidizing en?.yme sys tems in the  soluble por t ion of  cell-tree ex t r ac t s  
(Fig. 2E, F). 

l>-Arabinose: The  soluble f ract ion f rom ceils grown on this  subs t ra te  conta ins  
enzymes  for oxidizing o-arabinosc  and r~-arabonate. As men t ioned  above,  the par-  
t iculate  fract ion is inact ive on r)-arabinose, a l though it can ca ta lyze  the  ox ida t ion  
of  the o ther  pento~e~, m>-Arabinose dehydrogena.~e is an inducible enzyTne because it  

Hiochim. Biophys+ AcSa. 67 0 9 6 3 )  j 4 9 - 3 5 8  
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354 R. WEIM BEIRG 

i~ absent  in cells gr~m'n on o ther  substrates .  Like r~-arabinose, t>-arabonate is oxidi2~d 
only by celt.~ and ex t r ac t s  of  cells grown on D-arabinose0 and the enzyme  sys tem is 
specific for this aldonic acid (Fig. 2D). The  only  o the r  compounds ,  besides n-arabinose 
and o-arabonate ,  tha t  can be ~xidized by  crude  : ,xtracts  under  the  same condi t ions  
are L-galacto~e and glucose 6-phosphat, , .  

t'rop,'it~es o/t!,e particulate aldose dehydrogenase 

I~,drogen acceptors: Crude part icles are  capable  of  coupling the  oxida t ion  of  tile 
su(ga~ to  oxygen.  Other  reagents  t ha t  can act  as hydrogen  acce.ptors with these 
porticles axe 2,6-dichtorophenol-i~:tophenol,  cy toch rome  c and PMS. Pota.~sium 
ferr icvanide was ,~rfly slowly reduced under  the  same condit ions.  Tr ipheny l  te t ra -  
zolium chloride, me thy lene  b!tte. FAD,  FMN,  DPN and T P N  were inact ive ei ther  as 
hydrogen  acceptors  or  as s t imula tnrs  of  the  ra te  of  oxygen  uptake.  

Inhibitorr: E D T A  inhibited the  react ion,  demons t r a t i ng  a meta l  requi rement .  
.Mg ~-÷ s t imula ted  the  rea~tiun, but  not  if  added af te r  the  part icles had been t r ea ted  
with EDTA.  Other  cati~m.~, such as Mn ~÷, Ca z* or  C~ a*, had  no s t imu la to ry  action.  

Cyanide ,:t a concen t ra t ion  of  x - Io  -s  M was ano the r  effective inhibitor.  T h ~  in- 
hibi t ion by  cyanide  suggested tha t  the  ox ida t ion  is csrtochrome linked. Under  
anaerobic co~:d~*.,.'n,,~ or in the  presence of  cyanide ,  it can be shown tha t  cy toch romes  
are pre.~nt  in the  part icles and reduced  upon addi t ion  of  substrate .  

I~,doacetate, floride, ar .~nate ,  arsenite,  2,4-~lixfitrophenol, Naa-%, cys te ine  and 
~;lut,tthio:~(: alt-~ wi thou t  effect on the oxidat ion.  However ,  B A L  at  concen t ra t ions  o f  
I .  Io  -~ M will inbibit  the  reaction. The inhibi t ion by  BAL,  more  than  likely, is due 
to its metil |  chelat ing propert ies .  

Product of, oxidation: The crude p a r t i c l ~  from all source~ oxi6ized L-arabino~e, 
xylost;, rib~)se and gMactose at  pH  6.o with the  consumpt ion  o f  o.5/~mole O~jktmole 
~ubstrate.  V;hen the oxidat ion  wa.~ intdbi ted wi th  cyanide ,  PMS could be u~ed to 
c(,uple the  react ion to  oxygen,  and the a m o u n t  of  oxygen  comsumed wa~ double~l. 
A stable lactone accumula ted  in the  react ion mixtur~'~ in quaaatitative 3delds. The  
product~ were identified by  c h r o m a t o g r a p h y  as the  7,-lactones o f  the  corresponding 
aldonic acids. 

With  glucose a.~ subs t ra te ,  all uns table  lac tone was de tec ted  in the react ion 
mix tu re  along with gluconic acid. ] ' t ie  yields were never  s to ichiometr ic ,  p robab ly  
b e c a u ~  the particle~ also conta ined  a g luconate  dehydrogenase .  B y  following the 
ra te  of  hycllolysis of  the  g luconolac tone  4, it, too, was character ized as the  7~-isomcr. 
Appa re n t l y  all the sugars are oxidized in the  furan0se form. 

E~.tvac'io,, of particle.,: Several  .~dvents and enz~Tnes "solubi l ize"  enzymes  in 
part icles f rom o the r  organisms. Appl icat ion o f  these reagents  to  P. ]ragi part ic les  
in an a t t e m p t  to  solubilize par t  or all the ox ida t ive  abi l i ty  in the  part ic les  has been 
cons is ten t ly  un.~ucce.~sful. E i t he r  the  reag(mt left all ac t iv i ty  associated with the  
insoluble r~ idue ,  or else it des t royed  ac t iv i t y  t oward  all substra tes .  Reagen t s  which 
did not "d isso lve"  the  enzyme  upon ex t rac t ion  were:  Var ious  lipases, r ibonuciease,  
deoxynbonue leas~ ,  sodium per t tuorooctanoate ,  sodium deoxycho la t e  at  p H  6.o and  
butanol-x.  Reagents  which des t royed  ac t iv i ty  were:  Tryps in ,  pepsin, l y sozyme  plus 
E D T A ,  ace tone  and sodium deoxycho la te  at  pH  7-5- 

The  effect o f  ex t rac t ion  o f  c rude  part icles wi th  bu t ano l - I  was inves t iga ted  in 

Biockim. Biophy,~. Ac~, 67 (x963))4~--]j8 
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d e t a i l .  A o . I - v o l u m e  of  co ld  b u t a n o l  wa.~ a l i n e d  to  - sU.~l_~-|lsion of  p a r t i c l e s  in 3 m M  

p h o s p h a t e  ( p l l  6.8).  "l'h~: m i x t u r e  w ~.~ .~tirrc~l in th'~ co ld  for I h. At  t h e  e n d  o f  thi~ 
t i m e ,  t h e  p a r t i c l e g  w e r e  r e m o v e d  b;" c e n t r i f u g i n g  20 mit~ a t  2 5 ooo  ~ g, w a s h e d  
t w i c e  in 3 m.M p h o s p h a t e  ( p H  ().8) a n d  f i na l l y  -~uspculded in  the  o r i g i n a l  voh~me in 
t h i s  bu f fe r .  

T h e  e x t r a c t i o n  remox'~ed a p p r ~ x .  33~!L of th*  nitr,,~4cxt. XVhe.n .specific a c t i v i t y  
wa_s mea_~ured b y  x ' m i o u s  a s s a y  p r o c e d u r e s ,  tht_" i . u  Li(-lr:: c o u l d  n o  l o n g e r  u t i l i z e  e i t h e :  

O ,  o r  c y t o c h r o m e  c a.~ h v d r o g e n  a c c e p t o r %  a n d  t he  r a t e  of  r e d u c t i o n  o f  2,fl-dichloYo- 
p h e n o l - i n d o p h e n o l  WaLS r e d u c e d  .5o ,qo% ; h o w e v e r ,  t he  .-prcific : l c ' . i v i tv  as  m e a s u r e d  
b y  ()~ u p t a k e ,  w i t h  I~.M.% as  t h e  e l e c t r o n  c a r r k ' r ,  wa~ ,]rdy s l i g h t l y  a f f ec t ed  {Fig. 3)- 
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Fig. 3. Oxidat ion of sugars by crude anti butanc~l-~xtracted parti¢le~ fron't P~ frog* grown an 
xylo~e Ei ther  0.2 m] of crude particleg (0 9 mg N,'ml} or o.z m] butanol-extracted partich'.q 
{o.6 mg l~/ml) v.~-:¢ :::~.x~'d in the main  compar tmen t  of a %Vart~;;rg flasi: with o.r ml o.t~ A M 
MgSOf o.t  ml tog ]'MS, and  2.o ml o.l .~I phu~i~hatt. {pH t~o). "l't) them ~. flask.~ cont~dning the 
cfl..I..: r ~ r ~ c l e . ~  ~v~Lq added o.t mI c~: ?.! H*,:.~;. 1~. t,bxc v~.:!c ::rm~ ,.-.'as p!2ce¢), o I m t  l.~, M +~,,,, .... 

The center well contained o.z ml -o¢:g KOH. 

The  :-,qative ab i l i t y  o t  t i le par t ic les  to  ox id ize  the  va r ious  sugars  r e m a i n e d  tile same 
as t h a t  o f  t he  craide part iele~,  excep t  t ha t  the  e x t r a c t e d  par t ic les  were now unabh" 
t o  o x i d i z e  IXJta-,~sium g l u c o n a t e .  

p H  O p t i m u m :  "i,le p H  o p t i m u m  w a s  m e a s u r e d  w i t h  p a r t i c l e s  p o i s o n e d  w i t h  

c y a n i d e  *,o w h i c h  P M S  w a s  a d d e d  t o  c o u p l e  t h e  r e a c t i o n  t o  o x y g e n .  W i t h  a l l  s u b -  

.gtrates,  t h e  m a x i m u m  r a t e  o f  o x y g e n  u p t a k e  o c c u r r e d  a t  a p p r o x i m a t e l y  pFI  6. 
Par t ia l  and  ?oral heat inac l i va l io , :  H e a t i n g  b u t a n o l - e x t r a c t e d  p a r t i c l e s  to  5 ° °  

for 5 r a i n  h a d  n o  e f fec t  u n  t h e  r a t e  o f  o x i d a t i o n  o f  the  v a r i o u ~  s u b s t r a t e ~  ( T a b l e  Ill). 
I n c r e a s i n g  t h e  t e m p e r a t u r e  t o  6o*' r e s u l t e d  in  a 7n'?(, loss o f  a c t i v i t y .  T e m p e r a t , a r , ' g  
o f  7o  ° for  5 r a i n  or  80 ~ for  i r a i n  c o m p l e t e l y  d e s t r o y e d  e n z w a m t i c  a c t i v i t y  i n  t h e  
pa.mAcles t o w a r d  a l l  s u b s t r a t e ~ .  

S i m u l t a n e o u s  addi l ion o f  b,~o substratea: B u t a n o l - e x t r a c t e d  p a r t i c l e s  w e r e  u s e d  
to  m i n i m i z e  t h e  n u m b e r  o f  s t e p s  in  t h e  e l e c t r o n - t r a n s p o r t  . sys tem.  P M S  wag u s e d  to  

t3iocksm. Biophys..4eta. 67 (x963) 349-358 
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T A B L E  II 

l l E A T  INACTIVATION OF PARTICULATR ALDOSg DEHYDRO'~E~'~ASF. 
FROM Pse:,dotHono~s ~ r ~ i  G R O W N  ON L-AR?,BINOSI~  

nut ;u tol -cxt rae ted  par-~ich~ ~-cre hearted for 5 rain at  the t empera tu res  intlicl~ted. Szmples were 
remov<.d and as~'tx*ed for ac t iv i ty  a t  30 ¢. With glucoge, galactoze and L-arahinose as subntr, tte.% 
t).2-lll] samp!;~ of  ~-n~vn~-c were used; x~f~h xvloae, 0, 3 mI; with fibula, 0.6 ml. The enzyme  xvRs 
mixt'd in a XVarburg i~task with o.z ml o.o 5 1~ Mg.qOi, o.z ml xQ~ PM.~ and enough o÷1 M phos- 
phater (pH 6.0) tO bring the vcdumc to 2.5 ml, A o.~-ml vo lume of  z.o M subgtrate  was added 

from the sidearm and o.~ ml zo?/o K O H  was placed in the center  well. 

N~lh~tecl~g 

G l v ¢ o ~  
(;alactose 
1~- A r a b i n ~ ¢  
?;,)-lose 
Rilxos~ 

"Fgml, l~ar r atl H ~ r  

.¢~° 5r-* 60" 7 "  . . . .  
, , t  O,ih ~l O.;h /,~ O,~h #d Out,~ 

~87 305 95 5 
30o ~9 2 89 ~, 
z98 3z5 98 o 

L95 X95 3 z  O 
1 0 ~  9 8  5 t:  

c o u p l e  t h e  r c i t c t i o n  t o  o x y g e n .  U n d e r  c o n d i t i o n s  w h e r e  t h e  , x i d a t i v e  e n ~ y r o e  w o u l d  

be  . ~a tu r a t cd  ~ri~h g l u c o . ~ ,  i f  i t  w e r e  a d d e d  as  t h e  o n l y  s u b s t r a t e ,  a n d  P M S  w a s  p r e -  
.~,nt in e x c e s s ,  t h e  r a t e  o f  o x y g e n  u p t a k e  w a s  n ~ t  i n c r e a s e d  w h e n  e i t h e r  L-a rab i t~ose  
o r  i4a lac tosc  w a s  a d d e d  t o  t h e  p~tr t ic les  s i m u l t a n e o u s l y  w i t h  t h e  g l u c o ~ .  (F ig .  4)- T h a t  

2GrJ - GII(eIo _ L-ArolNIN~ 

16 ~t.ohs.S ~, ~ ~amol,J..f / 

F J F 
I ~Y- . I .~r . 

lO 40 0 ~0 40 

_ GiItOI~ • |.lr01blq0o~ 

16 ~ 1 ~  Gk;ose ÷ 
!$ t-ireblDs0 

x.s.'~l TM ~lnobs tplm.no 
,ep,- 8pno lH o.-ArabUoo:o 

- -  w O j  r 

i ~ lo lq l  t.AtoblnHo 

Fig. 4. S imul taneous  oxida t ion  of  glucos~ and L-arabinc~e by bu tano l -ex t rac ted  part icles f rom 
P./J.agi grown on glucose. A volume ,,f o . t  m |  of  part icles (o.72 mg Njm|)  wa_q added to  the main 
compar tm, .n t  of  a Warburg  vessel along with o.n ml 0.05 M MgSO,, o.2 m t x  % PMS and a.o ml 
o÷x M phosphate  (pH 6.o). 5ubs t ra te  was placed in the s idearm in amounts  listed t~low. The 

center  ;veil contained o.z m |  z o ~  K O H  

t h i s  is n o t  d u e  t o  c o m p e t i t i v e  i n h i b R i o n  c o u l d  b e  s h o w n  b y  a d d i n g  less  *-hap. s a . t u r a t -  

i n g  a m o u n t s  o f  t h e  t w o  s u b s t r a t e s .  U n d e r  t h ~ s e  c o n d i t i o n s ,  t h e  r a t e  o f  O t  u p t a k e  
wa_~ .~tr ic t ly  a d d i t i v e .  

Thence r e s u l t s  s t r o n g l y  s u g g e s t  t h a t  a s i n g l e  a l d o s e  d e h y d r o g e n a s e  w i t h  ~ w i d e  
s p e c i f i c i t y  r a n g e  is p r e s e n t  in  t h e s e  p a r t i c l e s .  

B i ~ h i m .  l-liapkys. Acla, 67 (1963) 349--35:i 
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DISCU%.qION 

T h e  o x i d a t i o n  of  gluco..~." b y  pa r t i c l e s  in e x t r a c t s  <ff .~cveral b a c t e r i a l  o r g a n i s m s  has  
been  d e s c r i b e d  n-u.  i n  s t u d y i n g  the  :D,c i f ic i tv  of  tie, ox ida t i on ,  it was  f r e q u e n t l y  
r e l m r t e d  t h a t  t l lese pa r t i c l e s  could  t~xidize t . t lwr su:,ars al.~>. [~owever .  t he re  I,a~ 
n e v e r  been any evidt-n.:e t(: .Mmw t t ,a t  the ztc l ix ' i tv  ,~r~ th,.-se va r i ous  s u t s t r a t e s  was  
d u e  to  one  or  s eve ra l  e n z y m e s .  In I ' .  f ragz the  ev i , lvm'e  is fa i r ly  gt,,,~t t :-:t :, sin;<'.:. 
e n z y m e  is r e spons ib l e  for the  o x i d a t i o n  of  these  v a r i o u s  sugars ,  l he e s s t n t i a l  s t ruc -  
t u r e  o f  the  s u g a r  in o r d e r  t,> tm a s u b s t r a t e  fi,r the  e n z y m e  is t h a t  the  hydroxx ' i  g r o u p  
on c a r t x m  2 tx~ in t h e  s a m e  C()llfi~t.nr:~ti,~r: ;;,¢ it f'~':.i'-;t": i n  g"lCl lS t ' .  Also. ht ' t ; iuse  |hl~ 
product  of  the ox idat ion is the y-lactone of the sugar acid, ]ikel.v. the furano~e form 
of  the sugar is oxidized. 

T h e r e  a re  man5:  e n z y m e s  in b a c t e r i a  as.,.cmiated with the  p a r t i c u l a t e  f r a c t m n s  of  
cel l - f ree  e x t r a c t s .  V a r y i n g  deg ree s  of  ~ucce,~s h a v e  twen o b t a i n e d  in at tvrnpt,~ to  
d i s so lve  these  e n z y m e s .  A r ecen t  i n t e r e s t i ng  e x a m p l e  i~ the  so lub i l i za t ion  b y  E 1 ) T A  
o f  r)-al lnhydrc;eypr,21ine d e h y d r o g e n a s e  induced  in P~eu,lomom,.,.-.,'.!.,'iota 1~. In an  ex-  
te.nsive s t u d y  o f  g lucose  ant i  g l u c o n a t e  t lehydrugena.- .es in P.  f l ,  forescens, HE RTLEIN ]7 
s u c c e e d e d  in ~) lub i l l z ing  the  g l u c o n a t e  dehy , . l rogenase  s y s t e m  b u t  w a s  u n a b l e  to  
d i s ~ m i a t e  glucom, o x i d a t i o n  f r o m  the  par t ic les ,  tIAI~GI:, re, on the  , , ther  h a n d ,  fe'- '~d a 
so lub le  glucose, d e h y d r o g e n a s e  in e x t r a c t ~  o f  IJacillu.~ an i l ra tum wi th  pro,,, ies 
s im i l a r  t o  those  r e p o r t e d  fa r  p a r t i c u l a t e  el)/.}'lllt.~. "I'h,.se cells also c (mta in  at t ypk : a t  
p a r t i c l e - b o u n d  g lucose  d e h y d r o g e n a s e .  T h e  a p p a r e n t  i n a b i l i t y  to  solubi l ize  the  
p a r t i c u l a t e  e n z y m e  s y s t e m  in P.  f vagi  m a y  be  due  tr,  the  fac t  t h a t  it is a m u l t i s t e p  
r e a c t i o n .  N o t  o n l y  ave t h e r e  s eve ra l  s t e p s  folle~wing the  o x i d a t i o n  wh ich  are  i n v o l v e d  
in e l e c t ron  t r a n s p o r t ,  b u t  pos s ib ly  t h e r e  a re  one  or m o r e  e n z y m i c  step.~ p r e c e d i n g  
o x i d a t i o n .  Foz ins t ance ,  s ince s u g a r s  ex i s t  in the  p y r a n o . ~  fo rm in a q u e o u s  so- 
lu t iontz ,  ta b u t  t he  oxi<l:t t ive e n z y m e  o n l y  ox id izes  tho.-*: in the  f u r a n o s e  f o r m ,  the re  
m a y  b e  an e n z y m e  c a t a l y z i n g  a py ranorm fu r anose  i n t e r c o n v e r s i o n ,  ~ust a ,  there is 
a m u t a r o t a s e  t h a t  i n t e r c o n v e r t s  ~t- a n d  fl-p3-rano.~e form~ o f  ghleo .~:  t*,lT". I (  on ly  p a r t  
o f  th i s  m u l t i - e n z y m e  c o m p l e x  were  (Lissolved d u r i n g  an e x t r a c t i o n  premedure ,  t he  
a.,~say s y s t e m  w o u l d  no t  f unc t i on  a n d  it  wou ld  a p p e a r  as if  all a c t i v i t y  h a d  been  lost. 

T h e  e n z y m e  s y s t e m  o :dd iz ing  ] . -a rab inose ,  xylo~e, r ibose ,  glucos~t" a n d  g a l a c t o s e  
is a c o n s t i t u t i v e  one.  T h e  e n z y m e  s y s t e m  is pres~ ,n t  r e g ; t r d l e s s  of t he  s u b s t r a t e  u lxm 
w h i c h  the  o r g a n i s m  is g rown .  I t  is p r e s en t  in t he  pa r t i c l e s  e v e n  w h e n  the  o r g a n i s m  i~ 
g r o w n  in a m e d i u m  l ack i ng  a n y  o f  the  e n z y m e ' s  ~ub~tra tes .  F u r t h e r  e v i d e n c e  for the  
c o n s t i t u t i v e  p r o p e r t y  o f  th is  e n z y t n e  is the  a b s e n c e  or" aaty lag in o x i d a t i o n  w h e n  the  
o r g a n i s m  is i n t r o d u c e d  in to  a m e d i u m  c o n t a i n i n g  the  sugar .  D-Arab inose ,  on  tile 
o t h e r  h a n d ,  ts met~tbol ized  b y  an  inductbh ,  d e h y d r o g e n a s e  s y s t e m .  

A l t h o u g h  the  o x i d a t i o n  o f  t - a r a b i n 0 s e ,  xyl0.~e, r ibose  anti  g lucose  is c a t a l y z e d  
b y  a c o n s t i t u t i v e  s y s t e m ,  t h e r e  is a z- to 4-h lag before  g r o w t h  beg ins  when  the.~" 
c o m p o u n d s  a r e  s u p p l i e d  to  the  cell a.~ .--,=bstrates. Since. ce l lu lar  cy,_ochrome.~ are  
r e d u c e d ,  p r e s u t , t a b l y  the  cne rg  3, f r o m  *.he s~itga: o x i d a t i o n  is a v a i l a b l e  tu the  celi, b u t  
t h e  cell  is u n a b l e  to  use it. G r o w t h  i~ d e l a y e d ,  p e r h a p s ,  becau.~e no c a r b o n  m a t e r i a l  
is a v a i l a b l e  a s  y e t  for  c o n v e r s i o n  to  cell m a t e r i a l .  T h e  l a g  in g r o w t h  u n d o u b t e d l y  
r e p r e s e n t s  t h e  peri(M r e q u i r e d  for i nduc t ion  o f  the  e n z y m e s  r e spons ib l e  for t h e  sub-  
s e q u e n t  s t e p s  in t h e  o x i d a t i o n .  Unt i l  th is  h a p p e n s ,  the  en~:rgy o b t a i n e d  f r o m  Sltgar 
o.~ddation c a n n o t  a cc rue  to  t h e  cell. T h e  m e t a t m l i s m  o f  g a l a c t o ~  is a n  e x t r e l n c  

Bioc~.Zn;. D i o p h y s . . 4 r t n ,  ¢i7 (~63) 349 - j 58  
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example  of  this+ P. fragi is unable  to  p roduce  enzymes  capable of  oxidizing galactonie  
acid. This  acid therefore  accumula tes  quan t i t a t i ve ly  in the cul ture  medium from 
gahu:tose and none of  th,~ energy  from the  oxidat ion  ~ used for a.+similation and 
~ T o w t h .  

T h i s  p h e u o m o n  o f  ~ u h s t r a t e  o x i d a t i o n  w i t h o u t  c o n c o m i t a n t  g r o w t h  ha.~ b e e n  

o b s e r v e d  i n  ~ t l t e r  o b l i g a t e l y  a e r o b i c  m i e r o g r ~ : a n i s m s ~ ,  to. T h e  q u e s t i o n  a r i s ~  a s  t o  

w h a t  is  ~h~  f u n c t i o n  o f  t h e s e  e n z y m e s .  T h e  p a r t i c u l a t e  a n d  c o n s t i t t a t i v e  n a t u r e  o f  

t h ( . ~ e  d+:hydrogenases suggests t h a t  t h e y  a r e  a n  e s s e n t i a l  componen t  o f  t h e  c e l l  

membrane+ In tl:is locus, t hey  serve the  purpose  of  oxidizing the  sugars to ano the r  
compound,  the al<tonic acid, toward  which the  organism,  at  lea.st in P. fragi, m a y  be. 
ir.ctuced and, consequent ly ,  m a y  use as a subs t ra te  for growth.  If, a.s in the  ex t r eme  
c~l.~e, the organism is unable to use the  aldonic acid in this way, then the  enzyme  is 
apparen t ly  fm,t tionles.~ fr(>m a metabol ic  xdewpoint. 
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