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SUMMARY 

:. During growth in simple media N o c a r d i a  oi)aca (strain Tt6 ) and  some other  
saprophyt ic  soil nocardias and  mycobacter ia  l iberate quau/zities ¢i sedoheptulose  
and  ribulose which can be detec ted  by applying as little as lO-2o /~l of med ium 
direct ly to the paper chromatogram.  An unknown substance which gave a spec t rum 
similar to tha t  of pentuiose in the cysteine-carbazole  reaction was also formed bu t  
this was nei ther  ribulose xylulose, nor  erythro-3-pentulose.  

2. Liberation of the pentose cycle components  occurs more quickly and  generaUy 
in greater  amounts  when the medium is kept  a t  about  pH 7,o (e.g, by  addi t ion of  
calcium carbonate,  by  using an increased phosphate  buffer concentra t ion,  by  using 
sodium ni t ra te  ra ther  than ammonium sulphate  as a ni trogen source or by using 
sodium gluconate as a source of carbon). There seems no reason to suppose t h a t  
calcium ion has any  specific effect on the  system.  

3-Sedoheptulose and ribulo,~e from the above cultures were identified a n d  
est imated by paper ch romatography  and  by application of the  cy÷:tehle-sulphuric 
acid and orcinol reactions respectively to larger quant i t ies  isolated by column 
chromatography.  Dihydroxyace tone  (characterised as the  0~acetate) was ob ta ined  
only when the cultures were kept  at  about  pH 7 .o  (i.e. by  addi t ion  of calcium 
carbonate}. This and  the failure to produce d ihydroxyace tone  from sodium gluconate  
suggests t h a t  the triose is mainly  a product  of the Emden-Meycrhof -pa thway.  
Aldolase (with fructose diphosphate  as a substrate) is present in cell-free ex t rac ts  of 
*he bacteria. 

Re/ece~tces p. 4o6. 
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INTRODUCTION 

The signiftcance of the pentose cycle in the life proce.~..~ of m a n y  micro-organisms 
has  hi ther to  been established by dem(~nstrating tha t  the enzymes required for the 

' va r ious  stages exist in the cell-free extracts  13. ra ther  thart by the isolation of 
in termedia tes  durir*g growth.  However, MORTEXSON A:gD WtLSON z showed tha t  
dr ied cells of Azotobaoter vinelandi conta in  very small amounts  oI sedolaeptutose and  
ribose phosphates ,  GHmETTI .X,'~D GUZMAN-I~ARRO.N "! found similar small amounts  
of sedoheptulose,  ribulose and ribose in the medium wken.wast led cells of Coryno- 
bacterium creatinovorans were incubated with glucose, and GoDI~-; fimnd g!uconic 
ac id  and  d ihydroxyace tone  with traces of arabinose and ribose during the breakdown 
of glucose (in the presence of calcium carbonate) by  preform~'d mats  of Penivillium 
brevi.vompactum. 

Our organism, a pleomorphic paraffin- and  fat-decomposing soil nocardia  (N. ol~ava 
strain T~6 see IV~BLEYn), when growing on certain substrates  produces considerable 
quant i t ies  of d ihydroxyace tone ,  rl.bulose and  sedoheptulose in liquid medium.  "l'he 
in termedia tes  are present  in such amoun t s  t ha t  t hey  can be demons t ra ted  by applying 
as little as ro -zo  tzl of medium direct ly  to the paper ehromatogram.  

MATERIALS AND METHODS 

Orgalzisms. N .  otba~a strain T, 6 was mailfly used. Some other  soil noeardias and  myco- 
bacter ia  were tested as indicated in the tex t  and  also a strain of Acetobavter sttboxyduns. 

Grov:,th. The medium conta ined KHzPO ,, o.o54 g; MgSO4.7H.nO, o.025 g; 
{NH4)2SOa, 0.075 g; FeCI~, t race;  yea_st ext rac t  (Difco) or sodium glu tamate ,  o.z g; 
a n d  tap  wate r  to zoo ml. The pH was ad jus ted  to 6.8. Calcium carbonate  (I % w/v) was 
used where indicated and  was mois tened with water  and  sterilised separately.  The 
subs t ra tes  were used at  a final concentra t ion of 4% (w/v). The medium was put  
up  in Io-ml lots in medical  "flats" for paper chromato~ 'aphic  de terminat ion  of the 
in termediates .  

For  isolation 2oo-ml lots in I-1 Pyrex  cul ture flasks (Joblin Cat. No. 141o ) 
were used. Bo th  " f la t s" ,  and  cul ture  fla~ks were incubated with mechanical shaking r 
a t  25 °. They  were inoculated with 2 drops of suspensions of the organisms prepared 
from agar plates. Samples were removed aseptically during growth when required, 

Paper ahroraatography. Generally No. I W h a t m a n  paper was used and  run at  room 
tempera ture  in butanol  sa tu ra ted  with water.  The dried papers were sprayed w,~th 
phloroglucinol-acetic acid-HC1 s to reveal sedoheptulose and ribulose or with aniline 
ph tha la t e  ~ to reveal di t tydroxyacetone.  The orcinoI-trichloroacetic acid-anil ine phos- 
phate  spray described by  DICKE,~S AYD WtLJ-IA~lSON a°, was also used in a t t empts  to 
reveal the pentulose group of sugars (ribulose, erythro-3-pentulose,  and  xylulose) which 
have  similar Re  values. For  quan t i t a t ive  work about  5o spots (total volume o.x 4 ml) 
of  the  centr l fuged med ium were applied t_a each paper and the arab.as ~ soc i a t ed  wi th  
each sugar were cut  out  af ter  location with marker  strips, and  ex t rac ted  by  immersion 
for 30 min in water  (5 ml or i o  ml according to  the  in tens i ty  of the  spots), and samples 
analysed.  

Ribulose, The DIscitE 1~ modification of the orcinol reaction gives a characteris t ic  
peak a t  54o m/~ with  ribulose xa. Our method  used these reagents  but  wi th  _~ heat ing  

Reter~ces p. 406. 
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t ime of 3 ° min {intermediate between the t imes adop ted  by the above authors).  The 
absorption was l~ad with an F..E.L. colorimeter with a green filter (ORGI). Standards  
were prepared from pure (syrupy) ribulose obta ined from diacetone ribulose by  
the method of LEw~,~'E AXI~ T~I, soN r3 foUowed by separat ion from the  accompanying  
aldopentose by bromine oxidat ion ~z mad final purification on a cellulose column. 
The range covered was 5-4o tzg. 

Sedoheptulose. This was de termined by the cysteine sulphuric acid reaction as 
described by Nr:wglrrt',;H .~_ND C,ELI)I.:LIN 1.. The absorpt ion was read at  5o 5 m/,  
with a Unicam S.P. 5oo spect rophotometer  and  a correction was made for the presence 
of glucose, wi~ich was never completely separated from sedoheptulose on the paper 
chromatogram,  by  making  a second reading a t  415 m/z. 

The interference from the glucose subs t ra te  was much greater  in the earlier 
stages of growth,  and  in some cases prevented any  de termina t ion  being made.  
An empirical nomogram enabled the corrected amount . -oI  sedoheptulose to be 
obtained convenient ly  and  was checked with  mixtures  of known amoun t s  of glucose 
and  sedoheptulose. A pure sample of the  la t ter  sugar was obta ined  by colunm 
chromatography  on cellulose of the crude mater ia l  prepared from S e d u m  r.upestre 
(c./. UJEJSl~ :~,xl) WAYt;OODlr'). A derivat ive from this (dibenzylidenesedoheptulosan) 
had  m.p. 245 ° in agreement  wittt the values recorded. 

Dihydroxyaceton.c. Obtained from L. Light  & Co. Colnbrook, England;  paper  
ch romatography  showed t h a t  this was pract ical ly pure monomer.  

R E S U L T S  

Ide~,~.ti/ication o] the intermediates 

The organism was grown in 200 ml of the  medium (with calcium carbonate)  using 
glyccrot as a substrate .  W i t h  glucose as subst ra te  it would have been more difficult 
to obtain a pure sample of sedoheptulose b y  chromatography .  After  17 days  incubat ion 
at  25 ° on the shaking machine the cells and  insoluble calcium salts were removed 
a t  the centrifuge. The superna tan t  solution was deionised with columns (4 ° :/, 1.5 cm 
diam.) of ion exchange resins (Amberlite I R  i2o (H) and  IR  4B). The effluent was 
evapora ted  i~ yacked at  3 °o mid f ract ionated on a cellulose column (60 × 2.8 cm) 
with water - sa tura ted  butanol  as a solvent.  The bulked fractions were dried over  
P20.~ and weighed af ter  removing a n y  water-insoluble mater ia l  in the  usual way.  
The yields w e r e - d i h y d r o × y a c e t o n e ,  3 g;  ribulose, 99 rag; ribulose + pentulose, 
x lo  rag; pentulose, S rag; sedoheptulose -r- pentose (arabinose?), 4o rag; and  sedo- 
heptulose I9O mg. 

Dil~ ydro x ya ceto~c 

A portion (0.4 g) was t rea ted  with  pyridine and  acetic anhydr ide  and the aceta te  
ext rac ted  with  chloroform znd isolated as a syrup  which crystall ised on cooling in 
ice. After three recrystall isations from light petroleum (b.p. 40°-60 °) the  product  
(o.Iz g) had  m.p. 46° not  changed on admix ture  wi th  authent ic  material .  The infrared 
spectrum was identical with tha t  of di -O-acetyl-dihydroxyacetone.  The original 
fraction and  authent ic  d ibydroxyacetone  had  identical Re  values on the paper  
chromatogram and gave the same colour with the aniline ph tha la te  and  phloro- 

lCelere~ices p. 406. 
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glncinol sprays.  On keeping for sonic weeks the sy rupy  fractions tended to polymerisc 
and  produce trails on the paper chromatogram.  

Sedoheptzdose 

Tile cysteine-~ulphuric acid reaction was carried odt  ~,n equal amounts  of the 
fraction and  of authent ic  material .  The products h~ul identical spectra over the 
range 4oo-625 m~  and  showed the characteristic peak at  505 m~ 1'~. The R~- on the 
paper  chromatogram and the colour given with the plAor0gtucinol and  orcinoP ~ 
sprays was identical for the fraction and  authent ic  sedohcptulose. 

e 

Ribulose 

For this the organism was grown on glucose (with calcium carbonate) since the 
pentulose which contamina ted  the ribulose fraction obtained from the column above 
appeared only with glycerol as a substrate  and  it was thought  preferable to avoid  
this difficult s~paration. A pure specimen of ribulose was ob ta ined  by ~potting 
several papcr.~ wi th  the centrifuged medium and running in the usual way using 
marker  spots to locate the ribulose. The urcinol reaction was carried out  wffh sample.~ 
of the eiuate  and  with  an  au thent ic  specimen of ributo:~e. The spectra  were identical 
over the range 400-70o m~  with peaks at  54 ° and 67o nail. 

IJenlzdose 

The unknown pentulose from cultures of N. opac:~ on glycerol gave a spectrum 
in the cyste ine-earhazole  reaction which was very ~i,nilar to  tha t  of ribtflose with 
max ima  a t  54o and  39 ° m/z. The.re was no increase in the optical densi ty  (at 5~o m/z), 
a t  3 h as compared  w~h  t h a t  recorded at  15 rain so t h a t  the pentulose cannot  be 
xylutosO v. The chron ~ographic characteristics distinguished the sugar from ribulose 
(Re; o.245 and  o.255 and  a pink-purlfle colour instead of a greer~ colour with the 
phloroglucinol sp ray  respectively). The pentulose gave a pink colour identical with 
t h a t  given by ribulose with the orcinol-tr ichloroacetic acid aniline phosphate  spray 
wherea~ DrCKF~XS A N D  ~VILLI.X.MSON 1o ~ndicate tha t  the erythro  3--ketopentulose 
obta ined by ASFI~,VELL ANI~ Htct(.~rA.~ is,z9 gives an orangt; co|our with the reagent.  

Intermediate pro, htctiou a.itl, var).ii~g ca!total con.ditio.~,s 

E[feat o /CaC03  (Table I) 

Calcium carbonate  is required for in termediate  prbduction in the earlier stages 
of growth.  In its absence about  half the ribulose col: :entraf ion wa_~ obtained and  this 
on ly  in the  later  stages. Wi th  med ium containing glucose and calcium carbonate 
the  p i t  is main ta ined  a t  the initial value of about  6.8 th roughout  the experiment.  
In the  absence of calcium carbonate  the pH drops to approx. 4.o within ~. days  (see 
also Table I I  for es t imat ions of subst ra te  usage), The effect is not  .so markgd with  
glycerol as a substra te  since, even in the absence of calcium carbonate,  the pH does 
not  d,~op below 6.0 during growth.  The fall in pH is presumably l inked with acid 
produced from the  ammonium ~ulphate and also with acids produced from the 
subst ra te .  

Re#v~nces p. 4o6. 
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T A B L E  I 

IN I I ,XR.MEDIATE P R O D U C T [ O ? ;  XVITH G L U C O S I {  OR G L Y ~ F . R O L  AS 8 U B S T R A T E ; S  
I .~ T I l E  P R ] ~ S E N C I g  A]CD A l ~ l g l q C ~  O F  ~ A L C I l I X t  C A R B O N A T E  

Ti le  b a c t e r i a  w e r e  g r o w n  a n d  s a m p l e s  w i t h d r a w n  g t sep t i ca l ly  to,  d e t e r m i n a t i o n s ,  as  i n d i c a t e d  in  
t i l e  t e x t .  T h e  c o n c e n t r a t i o n s  of  s e d o h e p t u l o s e  (S) an t i  r i b u t o s e  {ix) a r e  g i v e n  in  m g / m l ;  - - s i g n i f i e s  
t h a t  : t l t h o u g h  t h e  i n t e r m e d i a t e  ( s e d o h e p t u l o s e )  w a s  p r e s e n t ,  t i :e  m i x t u r e  c o n t a i n e d  g l u c o s e  in  

q u a n t i t y  s u f f i c i e n t  s e r i o u s l y  t o  i n t e r f e r e  w i t h  tilt d e t e r m i n a t i o n s .  

f;vt~ri,th (days)  

S t~!Jstvat¢" ~ dl I .' I 7 

,q l¢ .~ R 5 R S R 

G l u c o s e  ni l  nil  ni l  nil  - -  o ,6  ~ 1-3 
G l u c o s e  4- C a C O  3 nit 0 .9  o . I  1.6 o . z  2.1 o._, 5 3.o 
G l y c e r o l  tail n i l  0,2 n i l  0.2 o. 7 0._* 5 i .o 
G l ~ c e r o l  + C a C O  3 ni l  n i l  o .z  0 ,9  o.~ 5 ~ .o 0 .25 1.3 

T A B L E  I I  

1NTER.~ , IEDIAT[~  P R O D U C T I O N  ON NORI~IAL A~'~D ,~ IODIFI I~D M E D I U M  { p H  C O N T R O L L E D )  

IN T H E  PREGE~NCF2 A N D  AB.~lgh 'c lg  O F  C A L C I U M  CARBONA'I . ' I~  

Ti le  b a c t e r i a  w e r e  g r o w n  (as  i n d i c a t e d  in  t e x t ) ,  o n  t h e  n o r m a l  m e d i u m  [ w i t h  g l u c o s e  a s  a s u b s t r a t e )  
a n d  a l s o  o n  a s i m i l a r  m e d i u m  in  w h i c h  [ N H 4 ) ~ S O  ~ w a s  r e p l a c e d  b y  a n  e q u i v a l e n t  m o l a r  c o n -  
c e n t r a t i o n  of  N a N O a .  In  th~.s m e d i u m  t h e  p H  r e m a i n e d  a t  t h e  i n i t i a l  v a l u e  o f  6 .8  d u r i n g  g r o w t h  in  
c o n t r a s t  t o  t h e  u s u a l  m e d i a  ( w i t h o u t  CaCOa]  w h e r e  t h e  p H  d r o p p e d  t o  3 . 5 - 4 , o  in 2 - 4  d a y s .  
T h e  i n t e r m e d i a t e  c o n c e n t r a t i o n s  a r e  r e p r e s e n t e d  a s  ~n T a b l e  I .  G l u c o s e  (G) w a s  d e t e r m i n e d  b y  a 

spec i f i c  m e t h o d  u s i n g  g l u c o s e  o x i d a s e  (Huc-GE*T AND NIXON, I057)-  

Medium 

Gro D fdav~i .\'~.mat 3,'orm:d + CaCOa Modified .'~lodified + CaCOa 

G 5 1¢ G .~; 1~ G S R G S R 

3 3 t nil nil  I 3 n i l  o.t) i6 .  5 nit  0. 3 17-5 ni l  o.  3 
0 3 t nil nil  2 o .8  0.8 I "4 ni l  o .S  5 .0  nil o.  4 

2{> rd l  o . t  o . l  o . o  I , I  n i l  ~fil o . S  t . o  o .5  1.3 
t 2 2 6  i .  3 n i t  0 . 9  ~. ~ n i l  0 . 5  l . -  n i l  o . 0  t . 3  
t 7 2,~ . . . .  , .~}  n i l  0 . 9  t . 2  n i l  0 . 5  t . z  n i l  1 . 5  t . 5  

T A B L E  111 

I N T E I - ~ . X l E I ) I A T ~  PRODI . JCTIO. 'q  ON ~OI . , :MAL .'qEDI1,.JS1 A N D  O.~ H I G H L Y  B U F F ] g l g I ~ D  ~ . | E D I U M  

l X  T H E  P R E S E N C F ~  A N D  A/6S .ENCE OF" CALC~'t.TM C A R B O N ' A T E ,  

"1-1~c b a c t e r i a  w e r e  g r o w n  (as i n d i c a t e d  i n  t e x t )  o n  t h e  n o r m a l  m e d i u m  a n d  o n  s i m i l a r  m e d i u m  i n  
w h i c h  t h e  p h o s p h a t e  b u f f e r  c o n c e n t r a t i o n  h a d  b e e n  i n c r e a s e d  t o  o . o t 7  3 I .  T h e  i ~ t e r m e d i a t e  

c o n c e n t r a t i o n s  a r e  a s  r e p r e s e n t e d  in  T a b l e  i .  

M e d i u m  

Grou'th /'days/ a'V,~rmgl ,",'ortno.I + GaCOa High bi, ffcr High tmqe~ 4- CrtCO= 

s k ~ R .s R ,s 1¢ 

7 - -  0 .  4 - -  t .  5 o ,  3 i , t  o .  3 t . 9  
') - -  0 . 9  - -  1 . 5  0 .  4 0 . 9  o . 3  2 . 1  

i t  - -  I .  3 - -  x . 8  0.7 1.6 o .  5 o .6  

R e / e r e u c e ' s  p 4 0 6 .  
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Effeat o/ replacing NH':~ by NO n i t~ tl~e m~',tium (T~btc I I) 
l-i~re a modified medium, in which the  pH ,.'emain~ at Oae initial value of abou t  
6,8 dur ing  growth,  is compared  with the  normal  medium. \Vith tke modified m~;dium 
calcium ca rbona t e  had little or  no effect on inttwm~;diate product ion.  Wi th  the  
normal  med ium the pH fell rap id ly  in the  absence of calcium carbona te  and the 
initial glucose cortcentrat ion (approx.  50 mg~ml) fell only to 26 rag/m1 in 8 days.  
Where  the pH  was control led,  (as in the  modified medium and wi th  calcimn carbonate)  
the  glucose concen t ra t ion  was reduced pract ical ly  to zuro in tha t  time. 

Attampts to buffer th~ medium with higl~ +on++:+drati+ms o~ phosph+¢h; (7"abla I I I )  

Here  the  p H  was control led by  raising the (phosphate)  buffer concen t ra t ion  in the 
med ium to give a final concen t ra t ion  of o.oI 7 ,~I. There  is a significant improvemen t  
in in t e rmed ia te  produc t ion  dur ing  the  initial growth  period in the mor~ highly 
buffered as compared  with the  normal  medium. In tile later  stages of g rowth  the  
more  highly  buffered medium also became acid. 

Effect o/replacing CaCOa by 31gCOa and A mberl,'le re.~in (Table II ' )  

Here  the pH  was cont ro l led  by  adding ei ther  calcium carbonate ,  magnes ium ca rbona te  
or  Amber l i te  I R 4 B  resin, Since the fre,~h resin was e i ther  toxic or removed  mater ia l  
essential  for g rowth  from the medium it w~s necessary to au toc lave  and  wasl~ it 
wi th  sterile wafer  and  then  pre incuba te  (2 days) with a suitable q u a n t i t y  of medium.  
This was then  replaced asept ica l ly  with fresh med ium before inoculation.  The  results 
show tha t  calcium carbona te  is the  most  effective agent  for inducing the ear ly  
p roduc t ion  of the  in te rmedia tes  and  tha t  magnes ium ca rbona te  and  ion-exchange 
resin are  abou t  half  as effective,  The  addi t ion  of calcium ion to the resin-containing 
m e d i u m  had  no effect on in te rmedia te  product ion .  A separate  exper iment  showed 
t h a t  calcium ion was only  pa r t l y  r emoved  from solut ion b y  the  resin. For  this 
purpose  samples were r em oved  from the calcium chloride medium immedia te ly  
a f te r  adding the  resin and  again af te r  incubat ing  for ,5 days.  The calcium con ten t  
of the  samples (initial 48.6 mg/ml,  final 28.5 mg~ml) was es t imated  with a flame 
p h o t o m e t e r  by  the  D e p a r t m e n t  of Spec t rochemis t ry  (DR. A. M. [.,"RE). 

T A B I . E  I V  

EFFECT OF VARIOUS ADDITIONS ON INTER3IEDI.~.TE PRODUCTION FRO~I GLUCOSE 

T h e  b a c t e r i a  w e r e  g r o w n  ( a s  i n d i c a t e d  i n  t e x t )  w i t h  g l u c o s e  a s  a s u b s t r a t e  a n d  w i t h  t h e  v a r i o u s  
a d d i t i o n s .  The i n t e r m e d i a t e  c o n c e n t r a t i o n s  a r e  a s  r e p r e s e n t e d  i n  T a b l e  I .  

AdditioJ! 5 zo 

S R S R 

Calcium carbonate (t %) 
.Magnesium carbonate (t <:".o 
Amberlite [R4B resin (2o'~+) 
Amberlite I R4B resin (so ",>) 

+ calcium chloride {o.5 %) 
No addition 

,z t.5 ~ .8  "-.7 
o.3 o-7 nil 0.9 
0..5 o+7 o,5 o,b 

nil o.3 0.2 0.7 
n i l  o . z 5  n D  1.2 

Re/emnces p. 406. 
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Production o[ intermediates/tom various substrates (Table I r) 

Calcimn carbonate  has n¢ effect wi th  sodium glueonate  as a subs t ra te .  This would  
be expected  if the acid is conver ted  to neutra l  sugars and the N a  + l iberated to 
neutralise any  CO~ or acids formed, thus prevent ing  a n y  fall it, pH .  

T A B L E  V 

I N T ~ R M ' ~ D I A T E  P R O D L ' C T I O S  |"RO3I V A R I O U S  8LIBSTRATES IX T I l E  I~Ri~51~N'CI~ 
AND AB-C:ENClg OF CALCI~JM ~2ARBOI~.'AT~ 

T h e  b a c t e r i , ' ~  w e r e  g r o w n  ( a s  i n d i c a t e d  i n  t e x t ) ' o n  t h e  n o r m a l  m e d i u m  b u t  w i t h  ~ - , a r i o u s  s o u r c e s  
o f  c a r b o n  (4 t~, c o n c h . )  : T h e  i n t e r m e d i a t e  c o n c e n t r a t i o n s  a r e  a s  r e p r e s e n t e d  i n  T a b l e  I .  

Gte~.O, ( da.vs3 

(Tarbo~i ~;oU¢C~ g 4 b 9 

s J¢ s R ~ R S R 

G l u c o s e  n i l  n i l  n i l  n i l  n i l  n i l  - -  i . o  
G l u c o s e  ( +  f ' aC{) .~)  ~ a . 8  - -  t . 2  0 . 4  , . t  0 . 7  1 . 8  
F r u c t o s e  n i t  n i l  - -  o , 3 7  - -  0 . 6  - -  o , 8  
F r u c t o s e  + C a C O z  n i t  n i l  - -  0 . 7 5  - -  o . 8  - -  ~ , 4  
( ; l a c o n i c  a c i d  t~. 4 ¢, .8 2 .  3 I . 4  - -  2 .  I n i l  
G l u c o n i c  a c i d  4 -  C a C O a  0 . 4  0 . 5  n i l  I . o  2 . 2  o . 3  1 .8  n i l  
S o r b i t o l  - -  0 .  7 - -  t .  5 0 . 8  2.6 o . 9  3 . 0  
S o r b i t o l  + ( ' a C O ~  - -  0 . 5  - -  1.1 1.~ 1 . 5  1 . 6  ~ . 6  
M a n n i t o l  n i l  o . 5  o .  3 o . 8  o .  3 0 . 8  
. ~ t a n n i t o l  + C~.Ct) .~ n i l  0 .  5 0 .  3 t .  3 

IutermaHate pro~hwtion with oth~ organis~s* 

The organisms were grown on the medium (Io ml) containing glucose and  calcium 
carbonate .  In te rmedia te  product ion  was fol lowed b y  paper  ch roma t og raphy  of 
samples t aken  a t  convenient  intervals  using h e a v y  spot t ing  (IO times) to  de tec t  
small quant i t ies  of product .  

Wi th  these condit ions illy~oba~terh,m laaicola (NCTC i472), N. opaaa (strain T1) 
and N.  capra¢ (strain Ta) gave the in termedia tes  a t  periods ranging from 4-12 days .  
No6ardia sp. (strain P2) and 3t.  phl¢i (strains R 36 and W 23) gave the in te rmedia tes  
a t  periods varying from 12-32 days  and  M. rubropertinaum (NCTC 422o), M. ~hlei 
(strain R 8A). N.  salmon|color (strains 2, 22, 2~ and ~), and N. rubcr. (3 strains) 
did not  give any  intermediates .  

Acetobacter suboxyda~rs (NCIB, 5595) gave  a ]arge amoun t  of d ihydroxyace tone  
bu t  no t  the  o ther  intelxnediates. 

Aldolase content o] cell-tree extraas 

The organism was grown on the usual med ium bu t  to obta in  good g rowth  in the  
absence of calcium carbonate ,  the  p H  was kept  at  abou t  7.o b y  using sodium ni t ra te  
ins tead  of ammonium sulphate  as a source of nitrogen. The organism was harves ted  
a t  the  centrifuge and washed twice wi th  distil led water .  Grinding was carr ied ou i  

* T h ~  . ~ t r a i n s  a f  . \ ' .  opaca, .\L salmo~icolvr ,  .V. caprae w e r e  i s o l a t e d  b y  E R I K S O N  2'). N o c a r a i a  s p .  
( s t r a i n  l>al w a s  o b t a i n e d  f r o m  1)~ .  T R E E C A N I ,  U n i v e r s i t y  o f  _Mi lan  a n d  t h e  s t r a i n s  ~:- .1t. phie i  f r o m  
D R .  R U T H  GOR~JON,  I n s t i t u t e  o f  . M i c r o b i o l o g y ,  ] [ ~ u t g e r s  U n i v e r s i t y ,  U . S . A .  

.TCejeve~ces 1~. 406. 
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as described b y  MCILWAI,x "°t (extract ing wi th  o.," ?-I phosphate  buffer p H  7.o) bu t  
using H fine Aloxite (Carborundum Co. Ltd.,  Manchester) three  t imes the  wet  weight 
of the  cells. After  removing a lumina and  most  of the cell debris  at  5ooo rev./min 
the ex t rac t  was clarified a t  5o,ooo :.~ g in a r e f ~ e r ~ t e d  centrifuge (M.S.E. Super  
Sp~ed 2o, M.S.E. Ltd. ,  Spenser Street,  London W.I) .  

F rom 4 g wet  weight  of bacter ia  we normal ly  obta ined a b o u t  3.5 ml of clarified 
ex t rac t  containing abou t  z5-5o mg of protein (precipitated b y  tr ichloroacetic acid). 

The  aldoIase ac t iv i ty  was measured using the "Biochemica  Boehringer  Test  
Combina t ion"  in which the  decrease in optical  dens i ty  at  340 mtz due to the  glycero- 
phospha te  dehydrogenase  med ia t ed  oxidat ion of D P N - H  by  d ihydroxyace tone  
phospha te  is measured,  the  triose being formed from fvttctose d iphosphate  ~n the 
presence of ~o.ldolase and  added  t r iosephosphate  isomerm~e. 

A considerable oxida t ion  of D P N - H  in the absenc& of fructose d iphosphate  
was  observed  and it  was necessary  to dia!yse the  extract  for 24 h against  several  
changes of o.z M Tris buffer  (pH 7.4) at  2 ° to remove this interference, The dialysed 
ex t r ac t  had  abou t  4o BRoNs ~ aldolase units  in reasonable agreement  with the  
value ob ta ined  (in a different extract)  b y  measuring the increase in alkali-labile 
organic phospha te  (32 B ~ c N s  units),  hy  the me thod  of SIBtEy AND LEUNt~GER e3. 

D[ SCL~SSION 

A considerable product ion  of in termedia tes  takes place in ageing cultures of N. opacg 
(strain Tx,) bu t  j , l termediate  product ion  can be induced jn the  ear ly  stages of growth  
b y  var ious  addi t ions to  or  modifications of  tile medium. The effect of these changes 
is to  prevent  the med ium going acid bu t  a neutra l  condit ion is not  essential for 
in te rmedia te  prodltct ion sip.ce, the  0geing culture% (with~,at p H  control) m a y  have a 
p H  of abouL 4.0. One difference however ,  be tween  the intermediates  l iberated in the  
presence of CaCOa as compared  wi th  those  produced  by  ageing is t ha t  under  the  
la t te r  condit ions d ihyd roxyace tone  does not  appear .  

AKELROD, BANDUI~SKI, GREINER AND JUNG ~4 have indicated tha t  calcium m a y  
be involved in the  pentose-heptulose  stage of the hexose monophospha te  p a t h w a y  
a n d  SLATER AND CLI~LAND .5 have shown tha t  calcium ion is the  cause of abnormal  
permeabi l i ty  of rat  hear t  sarcosomes (causing the ATP concentrat ion and therefore 
phosphoryla t ion  to  diminish). Wi th  our orgattism and using the normal  medium 
(containing ammon ium sulphate),  calcium carbona te  is the most  effective agent  
for inducing  ear ly  in termedia te  product ion  (magnesium carbona te  and  Ambert i te  
ion-exchange resin are only abou t  5 ° % as effective). However ,  calcium ion has no 
effect when added  to  the resin-corttaining medium.  Furthermore,  in termediate  
product ion  using a med ium modified so tha t  the p H  remains pract ical ly  cons tan t  
t h roughou t  the  g rowth  period (by replacing ammonium sulphate  in the norroal 
medium with  sodium ni t ra te  or b y  using a more concent ra ted  phosphate  buffer) is 
pract ical ly  as good as tha t  with the normal  medium in the presence of calcium 
carbona te  (Tables II  and I I I  respectively).  Wi th  sodium gluconate  as a subs t ra te  
in te rmedia te  product ion  is not  affected b y  the preselxc~ or absence of calcium 
carbonate  and the  p H  rerr:ains pract ical ly  cons tant  th roughout  the  growth  period 
(Table V). D ihyd roxyace tone  accompanied  the o ther  intermediates  when the bac ter ia  
were grown on the  subs t ra tes  indicated in Table  V (in the presence of calcium car-  

Re[greeters p..to6. 
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bonatc) with the sole except ion of sodium gluconate.  This m a y  indicate  tha t  it is 
produced by  tim Emden-Meyerhof  pa thway ,  which may  exist in the organism, since 
cell-free ext rac ts  exhibi ted  aldolase ac t iv i ty  wi th  fructose 1-6 dipho-6phate as a 
subs t ra te .  

h i  the  hexose monophospha te  p a t h w a y  it is now recognised tha t  xylulose  (as 
the 5-phosphate)  is required as a subs t ra t e  for t ransketolase  (which mus t  be highly 
act ive  in our  organism since sedopheptu lose  is formed in quan t i ty )  bu t  this pentulose  
was de tec ted  nei ther  on paper  chromatograms  of the  med ium from our  organism 
nor  in the concent ra ted  fractions from chromatographic  columns.  P r e s u m a b l y  the  
phosphoke topen tose  epimerase ac t iv i ty  is low here as in the  case of  horse e ry th ro -  
cytes  ~°. These lat ter ,  however ,  have a very  weak  atdolase ac t iv i ty  in con t ras t  wi th  
tha t  of our  organism which therefore does not  fit welt into the pa t t e rn  sugges ted  
b y  HoRV:CKEIL Humvvrz  AYD SMVt~NmTOS an, who repor t  t ha t  there  is a t ightly 
bound  association of aldolase and phosphoke topen tose  epimerase (from Lactobacillus 
pentosus). 

It  is possible tha t  the  Emden-Meyerhof  scheme for the convers ion of t r iose to  
ace ty lphospha te  is by-passed in our  organism as wi th  L. 15enlosus ~ and  Le~wonosloa 
mesonteroides ~* by  a direct phosphorolyt ic  cleavage of  xylulose-5-phosphate  to  ace ty l  
phospha te  5tnd triose (mediated b y  phosphoketolase) .  
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