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SUMMARY 

Freshly harvested or lyophilized cells of Sarcina lutea assimilate carbohydrate during 
the oxidation of glucose and a linear relationship exists between the glucose utilized 
and the carbohydrate deposited. The product appears to be a polymer composed of 
glucose units and it may be utilized in the absence of exogenous glucose. 

Experiments with [U-14C~ ** and F3,4-14C2~glucose show that 55 % of the carbon 
atoms of glucose are assimilated without appreciable dilution, while the lower in- 
corporation of radioactivity from IrJ4C]glucose reflects the formation of unlabelled 
hexose from this substrate via the pentosephosphate cycle. Assimilation of pyruvate 
or acetate does not yield polysaccharide (or poly-fi-hydroxybutyrate) and the 
assimilatory mechanism is shown by position-labelled substrates to depend on the 
tricarboxylic acid cycle. The carboxyl group of pyruvate is virtually eliminated 
while C-3 is incorporated to a greater extent than C-2 ; in the analogous case of acetate 
incorporation of C-2 exceeds that of C-I. 

The data indicate that glucose is not assimilated via pyruvate and support the 
previous observation that under the conditions employed glycolysis is not reversible 
from pyruvate to glucose. On the other hand, polysaccharide formation from glycerol 
shows reversibility from triose, or an alternative route from triose to glucose. 

Comparisons are made of the distribution in various fractions of the cell of the 
radioactivity assimilated from IU-a~Clglucose, [3-14C]pyruvate and F2-14Clacetate. 

INTRODUCTION 

The aerobic micrococcus Sarcina lutea possesses the enzymes necessary for glycolysis 
yet is unable to metabolize glucose under anaerobic conditions 1. Aerobically the 
glycolytic sequence accounts for some 7 ° % of the total glucose metabolized, the 
remainder being oxidized via the hexosemonophosphate oxidative (pentosephosphate) 
cycle 2, assimilation occurs and the carbohydrate content of the cells increases mark- 
edly 3. The present work has been directed towards an understanding of the assimil- 
atory processes of this organism which occur with glucose and also with pyruvate 

* Present address, Biochemistry Section, I.C.I. Pharmaceuticals Division, Alderley Park, 
Macclesfield. 

** !U-14C~, uniformly labelled with 14C. 
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and acetate, compounds which are formed during glucose metabolism ~. The beha viom: 
of glycerol has also beel~ investigated. 

The process of oxidative assimilation in micro-organisms, whcre~)y the oxidation 
of a portion of the substrate provides energy for the assimilation of the ~e,~aJLTder, 
has been reviewed by CLH;TON'L The ,a3ajority of work on this rop~e ;~as b.v.e~3 ca;ricd 
out by  manometr ic  st~ldies and gross carbon analyses of the ceils, a!thongJ~ \V.r/,Z{E 
AND DOUDOROFF ~, and more recently J)OU])OROEF AND ~TANIEI-'. ~, ]13ve i u ' : e s l i g a t e d  

the assimilation of radioactive substrates such as organic adds  and glucose by  
Pse~.domo~as saccharoflhila.. One problem always recognized i1~ coJ~nexio:;? with t}?e 
oxidative assimilation of substrates containing more than t , ;o carbo~ ato.ms, is 
whether the substrate is asshnJlated intact or whether i t  undergoes metabolism to 
smaller fragments prior to the assimilatory process, :In the case of ]aerate ",,'.it].~ 
P. sacchar@hiia ~ and Esc/zerichia co/i 7 loss of the carbo-qvl group prec,:?des assimiiatJo~, 
while the recent demonstrat ion that  glucose (and other substrates) may yield a 
polymer of f i -hydroxybutyric  acid in Bacili~s @/).s,~ and in .P. sr~ccka~'opf~i~a cm.d 
Rhodos/)irilh¢~;~ red)rzm~ '; clearly estabJishes tha t  degradation of t];',e svbstrate must  
occur in these cases. 

The results with 5. ~dea presented here demonstrate  tlnat the carbon aom~" of 
glucose are not assimilate.d via pyruva te  or acetate aud that  pyru',mte is dee~'rboxv]- 
ated prior to assimilations. The assimilation of glucose has been show>, to give: rise to a 
polysaccharide composed essentially of glucose u~its which i.~. ~,tilized -'ahen the 
external supply of glucose is withdrawn. The assimilation of pyruva ie  or acetate does 
not yield carbohydrate  but  polysaccharide synthesis from gtycex:o} Jp, dicates tha t  
the earlier stages of glycolysis are reversible. 

MATERIALS AND METHODS 

Organis.ms and media 

The strain of S. hdea used x~as originally provided by  Dr. E. 1:'. Gt~LE. I t  was 
grown in a peptone medium with forced aeration as previously deseribed ~ v, here 
details of harvest ing and lyophilization techniques are also given. ]n ma~y of the 
experiments lyophilized cells which had had their endogenous re.~piration reduced 
to negligible levels (endogenous-diminished cells) were used a. 

Bacterial densities were determined turbidimetrically, after suhable dilution, in 
a Hilger Spekker absorptiometer using Chance gJass filters ttbo~v and OB2. The 
inst rument  was caEbrated against bacterial dry  weight. 

Lactobacilhts casei used for glucose degradation was a strain provided by the 
Bacteriology Depar tment  of this University. I t  was grown and harvested as described 
by  COWGILL AND PARI)EE J°. 

A ~za~,tical methods 

Glucose and reducing sugars were estimated by  the method oi! NEL:-;O> "IJ and 
fructose by  the method of HEYF, OVSK'~ "12. Cellular calq)ohydrate was determir~_ed b3- 
the anthrone technique according to TREVELYAN AND HARRISONla; i t  \vas  f o ! i n d  t]?21t 

more reproducible results were obtained if the tubes containing tl'.,e at~!-hro~e reage>t 
were allowed to stand h~ ice for at least 3 ° n-fin before the addbtio-~ of the so!i.ltions 
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for analysis. All results are expressed in terms of glucose equivalents. It  was necessary 
to determine the carbohydrate content of cell extracts in 75 % (v/v) ethanol and the 
effect of this solvent on the anthrone method was therefore investigated. With 
standard solutions of glucose in water and in 75 % ethanol, a higher O.D. is obtained 
for the ethanol standards, but the difference between the two sets of standards is 
directly proportional to the glucose concentration. Thus blanks for water and 75 % 
ethanol give the same O.D. Accordingly, glucose standards in 75 % ethanol were used 
for the determination of carbohydrate in 75 % ethanol extracts of cells. 

Cellular carbohydrate was also determined as reducing sugar after hydrolysis 
of cell suspensions with 2 N H2SO414. Preliminary experiments showed that, unlike 
Escherichia coli, hydrolysis was complete within 2 h and that heating for periods in 
excess of 5 h produced some destruction of carbohydrate, as did temperatures over 
Ioo °. The procedure adopted was: to 5 ml cell suspension (approx. 60 mg dry wt.) 
contained in an ampoule was added 0. 4 ml concentrated H2SO ~. The ampoule was 
sealed and heated in a boiling water bath for 2.5 h. After cooling the contents were 
transferred quantitatively with filtering to a 50 ml flask, neutralized and made to 
the mark. Suitable portions were taken for reducing sugar estimations. 

Reducing sugar values for the carbohydrate content of S. lutea were always 
higher than those obtained by the anthrone method to the extent of approx. 5-6 % 
of the dry bacterial weight. However, the anthrone reagent does not react with 
hexosamines, constituents of the cell wall of S. lutea and which account for some 
3 % of the dry bacterial weight 15, nor with pentose sugars to any marked extent. 
Agreement between anthrone determinations carried out on intact cells and on 
hydrolysates was always satisfactory (see Table I). 

Glycerol was determined by the method of BURTON 1G, and cells were examined 
for the presence of poly-fi-hydroxybutyrate and lipid by the alkaline hypochlorite 
method of W I L L I A M S O N  AND W I L K I N S O N  17. 

Radiochemicals and isotopic methods 

~3,4J4C2Jglucose was prepared from glycogen obtained from rabbit lived s. 
Liver slices from a fasted animal were incubated with I mC NaH14COa in the medium 
described by BUCHANAN, HASTINGS AND NESBETT 19. The glycogen was isolated, 
purified as described by COWGILL ANI) PARI)EE (see ref. I0, p. 158 ) and hydrolysed 
with 0.6 N HC1. After neutralization the glucose concentration was estimated and 
the specific radioactivity determined. Chromatography and autoradiography revealed 
a single spot in the position corresponding to a glucose marker. A portion of the 
material was converted to lactic acid by fermentation with a washed suspension of 
Lb. casei in phosphate buffer under an atmosphere of CO 2 and the lactate degraded 
to CO s and acetaldehyde with acidified permanganate (see ref. IO p. 159). The CO s 
was counted as BaCOa and acetaldehyde as the 2,4-dinitrophenylhydrazone. 98. 9 % 
of the radioactivity was located in C a and C~ of the glucose molecule. 

All other radiochemicals were obtained from the Radiochemical Centre, Amers- 
ham, England. 

The isotopic methods employed have been described previously 2. With the 
exception of BaCOa and acetaldehyde 2,4-dinitrophenylhydrazone , all specimens 
were counted at infinite thinness. 

t?iochim. Biophys. Acla, 4 ° (I96o) 237 25I  
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Chromatograp@, a~d a~oradiograflhV 

Sugar  c h r o m a t o g r a p h y  was carr ied out  on \Vha tman  No. . r  paper  ~,zsi~g the 
following solvents :  e i h a n o l - m e t h a n o l - w a t e r  (45:45:  IO, v/v),  eti~y]~;eetale.-!~Tridine- 
wate r  (IeO:5O:4O, ,.:/v) and pheno l . -NHa-wate r  (~6og phenol, ~!oz~-~] ~,:va::er, J: mi 
0.88 NHa) ~°. Cell ex t rac t s  were usual ly  chromatographed  in sec-bui:a:~,oi-for'~~ic ac id -  
wate r  (70: zo: zo, v/v) eI. Fo r  au to rad iog raphy  the chromatogram:  ,¢ ".:,ere s i~pied ~:(; 
K o d a k  Indus t r ex  type  D film and, af ter  a sui table  period ol e;:posure, deveJoped 
with K o d a k  ~9 b developer.  Sugar SpOtS were located by dipping sueces¢ive137 i~'~ AgNO:~ 
in acetone and K O H  in ethanol.  

P r e p a r a t o r y  to chromatograpi~y samples of hydro lysa tes  were trea~ed w~th a 
mix ture  of Amber l i t e  IRC--5o and IRA-4oo (~_: e . e i ,  w/w) to remove s~Its a~ad {he 
resul t ing solutions were lyophil ized.  The dry mater ia l  was take~) up in >~_ smaJl volume 
of 85 % (v/v) pyr id ine  and por t ions  appl ied  to chromatograms.  5'i :~rkcrs w,~'re a lways 
used and  the  movemen t  re la t ive  to glucose (Re) noted.  

Fractio~z, atiolz proced,lrc:, 

The scheme described by  I{OBEI~.TS et al. 'el was adop ted  in which sui tabic  q~mntitie: 
of cells (usually abon~: ~o mg wet wt.) were ex t r ac t ed  successiv~ly with 4 rnI cold 
5 ~/o (w/'v) trichloroace~:Jc acid (TCA) for 30 rain, 4 ml 75 % (v/v) ethanoi  a ~': 40 -5 o~' 
for 3o min, 2 ml e ther  -{. 2 ml 75 % ethanol a t  4o-5 °° for ~5 miJ~ ~Jnd 4 ~>l 5 % TCA 
at Ioo ° for 30 rain. Before p la t ing  the  TCA fract ions were ex t rac ted  4 tJnqe5~ with 4 m] 
e ther  to remove TCA, the p H  ad jus ted  where necessary to approx.  705 and the 
fract ion made  up to its original volume. The f ract ionat ion procedure  ~,,'as carr ied out  
in gradua ted  J_O-lnl centrifuge tubes  to faci l i ta te  the  measurement  of ". oiume,,~. 

A ssimilatio~z e@eYi¢¢ze~./~s 

Ceil suspensions iJ~. water  or buffer were incuba ted  with  the appropr i a t e  st~bstrate 
in tubes (6 ;: z in) or ] ; r lenmeyer  flasks of sui table  size. The ~orJn,?r were aera ted  
with wa te r - s a tu r a t ed  air  via capi l lary  tubes  whereas the  l a t t e r  were si~ak_e:~ at  z2o 
cyc/min in a the rmos ta t i c  ba th .  In  one exper iment  (Tab]e I I I )  ~:he :¢peci~i appa ra tus  
des igna ted  B in a p r e \ i o u s  note 2a was used. 

RESULTS 

Assimilatio~ of ght, cose 

E~'ect of gh~cose o~idatio¢~ oJa the p@,saccharide co~lte~zt oj" thc ceiZs." The %~{:ructura! 
po lysacchar ide"  content  of cells ha rves ted  from a peptone  medium m a y  va ry  between 
9 and I2 % of the d ry  bac ter ia l  weight  bu t  is usual ly  app rox ima te ly  ~-o %, as d{~te~- 
mined  t937 the en throne  method  a. I t  undergoes no de tec tab le  d iminut ion  dm:ing the 
vigorous aerat ion of washed cell suspensions and while the  endogeno,ls metabol ism 
is s imul taneous ly  reduced from a high to a negligible level. 

When  glucose is oxidized by  freshly ha rves ted  or lyophii ized endogenous-- 
d iminished cells a considerable deposit ion of cellular ca rbohydra t e  occurs which m a y  
increase the ca rbohyd ra t e  content  to as much as 28 of the  d ry  bacteri~,l v~eight. 
Less than one fiftieth of the to ta l  increase in c a rbohyd ra t e  conte>~ ca~ L'e detected 
as free reducing suga ,  in ex t rac t s  of cells and  it was eoncIud<'.d therefore il~,at ~he 

J~ioc]e~i~'1~. 1;~ioph3es. ~c,',~, 40 (~96o) 237 25z 
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assimilated material represented polysaccharidO, Within the range of o-4o m M  
glucose utilized, a linear relationship was established between the total glucose 
utilized and the carbohydrate assimilated by the cells; each mole of glucose oxidized 
yielded ~ o.5 mole of assimilated material (calculated as glucose). 

Nature of the assimilated polysaccharide." T h e  increase in polysaccharide content 
which occurs when glucose is assimilated was measured both by anthrone and reducing 
sugar determinations and the fructose content of hydrolysates was also determined. 
Table I reveals that  the anthrone and reducing sugar values are similar although the 
former gives a rather higher result. Only a very minor part  of the increase (about 
4-5 % of the total) can be attributed to fructose. 

T A B L E  I 

I N C R E A S E  I N  C A R B O H Y D R A T E  C O N T E N T  OF C E L L S  D U R I N G  A S S I M I L A T I O N  OF G L U C O S E  

625 mg  lyophi l i zed  cel ls  and  2 mmoles  glucose in  o.134 M phospha t e  buffer pH  7.1, t o t a l  vo lume  
20 ml,  were shaken  a t  37 ° in a I75-ml  E r l e n m e y e r  flask. Samples  (5 ml) were w i t h d r a w n  in to  
3 ° ml  ice-cold wa te r  a t  the  g iven  t imes ,  cent r i fuged and  the  cell  pel le ts  washed  wi th  30 ml water .  
The pe l le t s  were t a k e n  up in 5 ni l  wa te r  and  s tored in  ice pr ior  to  ana lys i s  for bac te r i a l  dens i t y  
and  c a r b o h y d r a t e  by  the  an th rone  method.  Por t ions  were hydro lysed  wi th  2 N H2SO 4 for 2.5 h and  
an throne ,  r educ ing  sugar  and  fructose d e t e r m i n a t i o n s  carr ied out  on the  neu t ra l i zed  hydro lysa tes .  

Carbohydrate content (% dry bacterial weight) 

Period oi Anthrone Anthrone Red2*cing sugar Fructose 
incubation (h) (intact cells) (hydrolysate) (hydrolysate) (hydrolysate) 

Content Increase Content Increase Content Increase Co,tent Increase 

o 9.7 - -  lO.2 - -  15.2 - -  0.8 
I 17-° 7-3 17.5 7.3 20.8 5,6 1.3 0.5 
2 24.o 14. 3 24. 3 14.1 28.6 13, 4 I: 5 0. 7 

Chromatography of hydrolysates of o-, I-  and 2-h samples of cells assimilating 
glucose gave a similar pattern of sugars which included glucose, fructose, ribose and 
glucosamine, but the intensity of the glucose spot alone showed a marked increase 
as the carbohydrate content of the samples increased. I t  would appear therefore that  
the carbohydrate assimilated consists essentially of a polysaccharide composed of 
glucose units. 

Assimilation of radioactive glucose." The assimilation of radioactivity from 
variously labelled glucose by washed suspensions was next investigated. Fig. I 
records progress curves for the assimilation of EU-I-~CI, EI-14C~ and E3,4-14C~]glucose. 
I t  will be noticed that  about 55 % of the radioactivity added as [U-14C]glucose appears 
within the cells. When the external glucose is exhausted the value falls slightly, 
presumably as the result of the oxidation of some labile intermediates. With [I-14C] 
glucose the total radioactivity assimilated is somewhat less but the oxidation of 
[3,4-14C2]glucose resembles the uniformly labelled sugar in that  some 54 % of the 
radioactivity appears within the cells. The residual radioactivity present in the 
supernatants after all the glucose has been consumed is probably due to the slight 
accumulation of radioactive products of glucose metabolism. The apparently slower 
utilization of E3,4-1aCzlglucose results from the higher concentration of this substrate 
supplied, namely 8.6 mM as opposed to 4 raM. 

The relationship between the radioactivity assimilated and the increase in 

Biochim. Biophys..,4ctc~, 4 ° (196o) 237-251 
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Fig. ~. Progress curves for the ass]mJ]ati(,n of variously ]abe]led glucose by  -'a, ~ne{"~ s~ SlmnSi:JTs 
of S. hdoa. • @~ radJoaci:i\,-Jtv assimilated by  the cells~; O - O, ra.dioacti, J1:y i~ t]-..e s'~pernatam:; 
Z]---D, glucose Jn t h e  s~q)ernr~tanC .Each sysgem comprised 300 mg ]yepii]  zed ceil!,, 3G/~mo]e~ 
g]ucose (77.4 pmo]es  Jn t]x_ ~ case of [3,,4A'*Ce-]glueose (m account  of the preparati,(m m:;ed) in ~ total 
volume of 9 m] water, gcnf.]y aerated at  37 °. Samples 0 m!) were witbd:-a,:,,~ ai: 9nteJva]s into 
3 m] ice cold water and cc~trifuged. The snperna tan ts  were analysed Jot gluc(~se and radioacti', i!-7 
and the cells, a~fler washing wil:h 4 m] ice-cold, water,  were taken up t(,', 5 m[ v,il]? wage:: a.'ad 

portJo~;a used for 1)acleria,] densil:v and rad%actJx itv assa3s. 

polysaccharide contempt o{ the cells during the oxi&~tion oJ [U-~% glucose was also 
studied. ]7o1: this purpose it was necessary to use much higher conee,~trations of sr~t:- 
strate than those employed in the assimilation experiments of ]Tig. ] ,  ill order tha t  
the amount  of polysaccharJde deposited could be accu ra tdy  measxn:ed hV ~ihe methods 
of carbohydrate  determination used (the pre\Jous]y established r, iatJonsi~J.p bet\veer~ 
polysaccharide deposit%n and glucose uti]ization revealed that  4-p,;;U g]uco:-c would 
give an increase in carbohydrate  content  of only ~.5 % of the dry  bacl:erbt] weigh1). 
The data  of Tab]e I I  demonstrate  tlnaz a good correlation exists beiween the bao 
sets of values and suggest tha t  carbohydrate  accounts for all ti~e #>simi]ated ;adio- 
act ivi ty.  

The fale  of  assimila/.ed carbo]OJdra/e on /)J'o[o~eged it~c~balio~< The fate of ihe 
assimilated carbohydrate  in the absence of an exogenous source oi glucose was 
investigated. Cells were al]owed to assimilate glucose for e h, washed free of glucose, 
suspended in phosphate hnfter and then aerated at 37 ° fox 4 g 11. ]Tig. 2 ~howr~ thai  
after withdrawal of the external glucose the assimilated materia] was utilized and 
about  50 % disappeared within 3-5 h. Ult imately all the assimilat d carl)ollvd :g te 
was utilized although the rate of disappearance was much less iJ~ 11.~e ia.te~ ~tages. 

This finding raised the question of whether our earlier cone]usion:; tha t  the 
assimilated carbohydrate  is of ] imked significance tot endogenous .~:esph*atiop. :ix-'. 
S. bdea is valid under these particular conditions. An as:sessmenl of the problem s~as 
therefore made under7 conditions designed 1o ensure nitrogen ' s t a r v a t i o n  ~, of ti~e 

Pi,')~hin< Fbophy& ~icir< ~<; i q o) C.~} "-'5~ 



OXIDATIVE ASSIMILATION IN Sarcina lutes 243 

T A B L E  I I  

C O R R E L A T I O N  B E T W E E N  R A D I O A C T I V I T Y  A S S I M I L A T E D  A N D  I N C R E A S E  I N  C A R B O H Y D R A T E  

C O N T E N T  O F  C E L L S  D U R I N G  T H E  O X I D A T I O N  OF  [ U - 1 4 C ] G L U C O S E  

IO ml  of a suspension of lyophi l ized  cel ls  (32o mg  dry  wt.) in o.27 M p h o s p h a t e  buffer p H  7.1 
were added  to  io  ml  of 69.5 m M  [UA4C]glucose con ta ined  in  a I75-ml  E r l e n m e y e r  flask and shaken  
in a t h e r m o s t a t i c  b a t h  a t  37 °. The t o t a l  added  r a d i o a c t i v i t y  was 8.88, io  6 counts / ra in .  4-ml 
samples  were w i t h d r a w n  in to  4 ° ml  ice-cold w a t e r  a t  in te rva ls ,  centr i fuged,  washed  and  then  
t a k e n  up wi th  4 ml  wa te r  to  give a smooth suspension.  Af ter  i in  5 ° d i lu t ion  i - m l  por t ions  were 
used for c a r b o h y d r a t e  de t e rm ina t i ons  (anthrone) and o . i - m l  and  o.2-ml por t ions  for a s say  of 
r ad ioac t iv i t y ,  o. 5 ml  was t a k e n  for f r ac t iona t ion  and  a su i t ab le  d i lu t ion  was used for the  deter-  
m i n a t i o n  of the  bac ter ia l  densi ty .  At  12o rain the  res idua l  glucose concen t ra t ion  was 17.47 mM. 
The c a r b o h y d r a t e  con ten t  (anthrone) of the  cells a t  zero t ime  was i O.O ~o of the  dry  bac te r i a l  weight .  

Radioactivity in cells Increase in cellular carbohydrate 

Time (rain) Counts/rain~rag, %activity°/ added % dry bacterial %glucose°/ added 
dry wt. assimilated weight assimilated 

0. 5 81 0. 3 - -  - -  
3 ° 3600 13.1 5.8 14.8 
7 ° 6997 25.4 I I .2  28.6 

12o 9375 34 -1 13.3 34.0 

cells and which might be expected to emphasize any relationship of the assimilated 
carbohydrate to the endogenous respiration. Endogenous diminished cells were 
permitted to oxidize glucose for 3 h and, after washing free of glucose, were aerated 
vigorously in phosphate buffer for 5 h. Samples were withdrawn at intervals and the 
Qo 2 value and the carbohydrate content of the cells determined. From the data of 
Table III it will be seen that although the Q% values increase as the carbohydrate 
content of the cells increases, when the cells are subsequently aerated in the absence 
of glucose there is no simple relationship between the decrease in Q% value and the 
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Fig. 2. The fate  of ass imi la ted  c a rbohyd r a t e  dur ing  long t e rm incuba t ion  of washed  suspensions.  
The cells were a l lowed to  ass imi la te  in  the  presence of 20o m M  glucose for 2 h, t hen  {indicated 
by  arrow) were washed  to  remove  res idual  glucose and  gen t ly  ae ra ted  in buffer a t  37 ° for 48 h. 
6oo mg lyophi l ized  cells and  2 mmoles  glucose in o.134 2If phospha t e  buffer p H  7.1 ( total  vo lume  
2o ml) were ae ra ted  for 2 h a t  37 ° and  then  centr i fuged.  Af ter  wash ing  wi th  o.o67 M p h o s p h a t e  
buffer to remove res idual  glucose the  cells were re-suspended in  o.o67 dVf p h o s p h a t e  buffer (2o ml) 
and  gen t ly  ae ra ted  wi th  w a t e r - s a t u r a t e d  air  a t  37 °. Samples  (2 ml) were w i t h d r a w n  a t  i n t e rva l s  
in to  2 ml  ice-cold water ,  the  cells washed  and made  up to ioo  m l  for subsequen t  c a r b o h y d r a t e  

de te rmina t ions .  

,Biochim. Biophys. Acla, 40 (~96o) 237 25 I. 
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decrease in polysaccharJde conteut of the cells. This is best appreciated by comparing 
the increase in 0o~ value (AQ%) effected by incubation with glucose wi*.h ~,7:e increase 
in carbohydrate conten( of the cells (AC). The quotient JQ%/AC undergoes almost a 
fifteen-fold change in value which clearly indicates that  no set: ra;io e:ds.~:s betwee;~ 
these two properties. Thus, after 5 h incubation in the abselqce of glucose, the {9o~. 
has fallen by 9 6 % of its maximum increase whereas the carbohydrate eo~.~zep~!, i~ar{ 
decreased by only 5 2 37, of the maxi]nmn~ i]~crease attained. I t  wonld {herefo;e ~ppe;:r 
that  even under conditions of pronounced nitroge~ starvation, the a~ss:imi!ated 
polysaccharide cannot be the sole nor the dominatir~g factor in eP, dogenous respiration. 

CdZ fi,actio~za~io~r£ To obtain information concernfi-]g the intracellu}ar distributioJ~ 
of radioactivity, cells which had oxidized [l/J4Q'g}ucose were subjected to fractio~a- 
tJon. Since it is conceivable tha.t some difference in dJstrJbutio~ ~r'Jght oce~r betwee~ 
short and long periods of incubation with the sub.~J:rate, expe::hvents v,er,c carried 
out with approximateiy 35 mM !U-~Qglucose and samples for ana iy ; s  >.'ere with- 
drawn at three different time intervals, at a.1] of wlfich some glucose remai~ed un- 
consumed (:Fable IV). Althoug]n the bulk of the radioactivity 5s 7ocated i;~ {i~e 75 % 
ethanol fraction, some radioactivity appears in a]l the fractions. "I:he c:~rbohydrate 
content of the solubIe fi:aetions was therefore determined (Table V) and it wa~> found 
that  the fractions which showed a~ increase ill ra.dieacdvJty a!so si)owed an re.crease 
in carbohydrate content, 

From the data presented in Tables IV and V the specific radioactivity of the 
assimilated earbohydr:~te was determined. Thus for the intact ceils aT~d :he ethanoi 

T A B ]  3~ ] JJ  

INFLUF.NCE OF ASSJMILATEI) CARBOHYDRATJ; ON TITG LEVEL OF :ENDOG]):2~OU < 

RGSJ?IRATIO)~ IN NITROGEN-STARVED CELLS 

2.6  g e n d o g e n o u s  d i m i n i s h e d  ce l l s  w e r e  i n c u b a t e d  a/c 37 ° w i t h  i c o m  3 / g l u c o s e  M o. 13.4,11 i i H 2 P ( } ~ ,  
p H  7.I  ; t o t a l  v o l u m e  ~oc m l .  Incubatio~,~ w i t h  v i g o r o u s  a e r a t i o n  w a s  ef~:eeted iJ; t h e  a l ? p a x a t  ~s 
d e s i g n a t e d  B b y  D A ~ E S  /,ND I~OLBIS2Q IO-1O.] s a m p l e s  w e r e  w J t h d r a . w n  aL Mtervpo]s i~?to 3o n~] 
i c e - c o l d  w a t e r ,  c e n t r i f u g e d  a n d  w a s h e d  vi .1 f u r t h e r  por t ioJ?  of  30  m]  w a t e r  a n d  thc~ ~ake?. ~p 
t o  ~ o m l  w i t h  w a t e r .  P o r t i o n s  of t h e  suspens ioP ,  w e r e  u s e d  for  (?o 2, a . n t h r o ~ e  a n d  b a c t e r i a 7  d e  ?sit:v 
d e t e r m i n a t i o n s .  A f t e r  3 h Jncuba t ioJ3  w i t h  g l u c o s e  t h e  v, ho l c  of  the r e m a i ~ i n g  sus~?e:?sio~3 ({5o ml)  
w a s  c e n t r i f u g e d ,  w a s h e d  w i t h  w a t e r  a n d  t a k e n  u p  in  t h e  s a m e  v o l u m e  of  phospl~aAe b u f f e r  (60 m]) ,  

• , p A e r a t i ( m  w a s  t h e n  c o n t i n u e d  fo r  a f u r t h e r  5 b v,,i{b s a m p l  _~ as  1 e~or+. 

Ga~'bohvd~'cde 
Time (h) £udogelzoles 0% d ()% c~r .n t  (C) % dry AC :I( o: ,4U 

bacleriaI ~c,:igh/ 

(a) Slicid~a(i:>;'~ a,i~h glucose 

e 4.48  - -  8 .9o  
] ] .4:: 6-94 -r4.o7 5 - I7  ~.34 

2 ] z .66  8 .78  J 5 . 9  S 7.o?': i .50 

3 ~ 3 .08  8 .60  ] },o.5 8,] 5 .~>5 

(b) 4 cr<~giG~ i~ b*rfM? 

4 9 .56  ,5 .08 15 ,89  6.9(1 o 7'3 
5 7 .28 2.8o ~ 4.4{-~ 5 .56  o-5o 
6 6 .g  4 2 ,36  ~ 3 ,93 5 .°6  0 ,47 
7 5 .49  ] .o) s3 .43  4 .53  o . z2  
8 4 .83 'J.35 s2 .Se  3 2<' <> o{~ 
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T A B L E  I V  

F R A C T I O N A T I O N  OF C E L L S  A F T E R  A S S I M I L A T I O N  OF [U-14C]GLUCOSE 

P r o t o c o l  as  fo r  T a b l e  I I  e x c e p t  t h e  g l u c o s e  u s e d  w a s  70 .4  r a M .  A t  12o  r a i n  t h e  r e s i d u a l  g l u c o s e  
c o n c e n t r a t i o n  w a s  lO.45  r a M .  T h e  c a r b o h y d r a t e  c o n t e n t  of  t h e  ce l l s  a t  z e ro  t i m e  w a s  9 .4  % of  

t h e  d r y  b a c t e r i a l  w e i g h t .  

Time (rain) 

Fraction 

3 ° 70 120 

Counts min/mg % o] total Counts/minimg % o] total Counts/rain/rag % o[ total 
dry wt. o] cells assimilated activity dry wt. o] cells assimilated activity dry wt. o] cells assimilated activity 

W h o l e  ce l l s  3451 i o o  6517  i o o  9872  IOO 
C o l d  T C A  644  18. 7 752 I i .5 1135 i i .5 
E t h a n o l  1972 57- i 3496  53-6 4655  47. I 
E t h a n o l - e t h e r  46  i .  3 I 13 1.7 139 1.4 
H o t  T C A  34 ° 9 .9  13o 3 20 .0  2493  25.2  
R e s i d u e  341 9 .9  594  9-I  538  5.4 
P e r c e n t a g e  

r e c o v e r y  - -  96 .9  - -  95 .9  - -  90 .6  

T A B L E  V 

C A R B O H Y D R A T E  C O N T E N T  OF C E L L  F R A C T I O N S  A F T E R  A S S I M I L A T I O N  OF [U-14C]GLUCOSE 
P r o t o c o l  as  fo r  T a b l e  I I  ; t h e  ce l l s  t r a c t i o n a t e d  w e r e  t h o s e  of  T a b l e  IV.  C a r b o h y d r a t e  d e t e r m i n e d  

b y  a n t h r o n e  m e t h o d .  

Fraction Time (rain) Cavbohyd*'atecontent Inereaseincarbohydrate 
I~g/mg dry wt. o/celts t~g/mg dry wt. o] cells 

I n t a c t  c e l l s  
0.5 94 .0  - -  

3 ° 141 .o  47 .0  
7 ° 2 o 5 . 4  111.  4 

12o 2 4 5 . o  1 5 1 . o  

Co ld  T C A  
o.5  1.4 - -  

3 ° 5.3 3 .9  
7 ° 8.2 6 .8  

12o 13.1 1 i .  7 

E t h a n o l  

H o t  T C A  

0.5 9 .7  - -  
3 ° 44-4  34 .7  
7 ° 67 .9  58.2  

12o 84.4  74 .7  

0 .5  47 .6  - -  
30 66.  4 18.8 
7 ° 77.8  30 .2  

12o 88. 7 41.1 

fraction, at times of 3o, 7 ° and 12o rain, the specific activities are respectively 73, 
59 and 65, and 57, 60 and 62 counts/min/~g carbohydrate. The specific activity of 
the substrate glucose was 62 counts/min//xg which indicates that the substrate is 
assimilated without appreciable dilution. Although more divergent values are 
obtained for the cold and hot TCA fractions, this is scarcely surprising since both these 
fractions possess much smaller radioactivities and carbohydrate contents and the 
accuracy of the determinations must therefore be reduced. 

Autoradiography of cell fractions: Autoradiograms of the ethanol and cold and 
hot TCA fractions each gave a single spot corresponding to an RG value which varied 

B i o c h i m .  B i o p h y s .  A c t a ,  4 ° (196o) 2 3 7 - 2 5 1  
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on different occ~ions between 0.35 and 0.43 when sec-butanol--formic acid was the 
solvent. Whereas tb.e spot from the ethanol, fraction was inte.nsc, those f:'om botlz 
hot and cold TCA fractions were always faint, the cold TCA being much fhe ",vealeer 
of the two. After hydrolysis with 1.2 N HC] th.e single spot had almost completely 
disappeared and a new spot, in a position corresponding to glucose, appeared. These 
findings, taken in conjunction with the analytical and chromatograpl)ic evidence 
presented earlier, indicate that tbo radioactive material extract*,d, and which is 
mainly located in the 75 % ethano! fraction, is a polysaccharide eo'n],osed of git:cose 
units. The chron~.atographic behaviour suggests that the polymer is not of l,igb 
molecular weight. 

Asshnilation of pyre.rate and acetate 

Pyruvate and acetate are intermediates of glucose oxidation in S. lutea a]thougl.x 
py]'uvate is not usually detectable unless aged ceils are used or tb¢ .~;ystem is inhibited 
by arseniteh They are both oxidized without a lag period by wash.ed cell suspe.nsio,'~s 
and it was of interest, therefore, to study the pattern of assimilation of these con;- 
pounds. 

Analysis for poO,.~accDaride formatiom (;ells were analysed for carbohydrate 
during the oxidation of ioo mM pyruvate or acetate but, unlike glucose, these 
substrates produced no detectable increase in the carbohydrat,::, content of tb.e 
organism as measured by the anthronc method. 

Assimilalion. of radioacth:e pyre.irate and acelale: Progress curves for the assimila- 
tion of [z-14C], [2-1'%] and [3-t~C]pyruvate are. recorded in Fig. 3 f,om -,vldci~ it will bc 
seen that  only about 7 % of the radioactivity from. [t-l'JC]pyruw~.te enters tSc ce]l.s 
as contrasted with some 4o and 50% respectively from the 2- and 3-1abelled substrates. 

[ , - " c ]  -~,/ . . . .  :e  [2-'%1 Py . . . .  t* 13-"C) Py . . . .  t~  

100 

8 o  

o . I ~  

l! i=. ., ! i 

l 7' - '---L 7, 

/ [IL_o :/// o o 

! 0  2 0  3 0  4 0  0 I 0  ~ 0  3 0  "10 0 I 0  2 0  3C" 4 0  " 
T i ~ l  [ l / n U t  I S) 

Fig. 3- l~rog tess curves  for the  ass imi lat ion of variously  label led ]-~yruvate b}" xva~,~he(| s:.,,,.'.pensions. 
• --- • ,  rad ioact iv i ty  assin' i lated by  thc  cells  ; O --. O,  radioact iv i ty  in the s,,,pernat~.nt; ~ - - -  E .  

p y r u v a t e  iix the  s:q~ernatant. ]?rotocoi a.s for ]Fig. T with p y r u v a t e  replaci::g ti le giucosc.  

Bb.,,:him. Biophys...I.¢la, 4o {) 9hol; 237--25~ 
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The assimilatory patterns obtained with [I-1~C] and E2-1~C]acetate are shown in 
Fig. 4 and it will be noticed that  more radioactivity is assimilated from methyl-  
labelled than from earboxyl-labelled acetate. 

Cell fl, actio~,atiom Cells were fractionated following the assimilation of limiting 
quantities (4 raM) of [3A*C]pyruvate and i2-1~C!acetate, and the results are compared 
with the corresponding values for [UA4C]glucose in Table VI. In contrast with glucose, 
the bulk of the radioactivity assimilated from pyruvate and acetate appears in the 
cold TCA fraction and not in the 75 % ethanol fraction. Comparison of the location of 
radioactivity in cells which have assimilated a limited amount of glucose (Table VI) 
with those which are assimilating in the presence of excess glucose (Table IV) reveals 
some differences in the distribution of radioactivity in fractions other than the 75 % 
ethanol extract. [T-'"c1 A~tot~ [2-"c]  Ao~tot,~ 

1°° I 90 

.~ 80 

i 7O t /  

 4°I1 ! 
20 

o o lO 20 30 40 
Time ('minutes) 

Fig. 4. Progress  curves  for the  ass imi la t ion  oi ~ I - 1 4 C ]  - and  [2-14C]acetate by  washed  suspens ions .  
Q - - O ,  rad ioac t iv i ty  a s s imi l a t ed  by  the  cells; © - - O ,  rad ioac t iv i ty  in the  s u p e r n a t a n t ,  Protocol  

as for Fig. i wi th  ace ta te  replacing the  glucose.  

The cold TCA fraction is generally assumed to contain the more labile inter- 
mediates of the cell and the fate of the assimilated radioactivity over extended periods 
of incubation was therefore ascertained. Cell suspensions were allowed to assimilate 
limited amounts (4 mM) of [UJ4CJglucose, [3-14C]pyruvate and [2A4C]acetate and 
these substrates were exhausted during the initial 30 min. The suspensions were 
incubated for periods of up to 7 h and samples were withdrawn at intervals for assay 
and fractionation. In each case the radioactivity in the cold TCA fraction showed a 
marked disappearance, but only cells which had assimilated glucose displayed an 
appreciable loss from the 75 % ethanol fraction. 

Although no a t tempt  has been made to identify the material present in the cold 
TCA fractions of cells which have assimilated pyruvate or acetate, autoradiographs 
indicate that  acetate itself is not accumulated by  the cells. 

Fairly recent work by various authors has demonstrated that  in certain micro- 

Biochim, Biophys. Acla, 4 ° (196o) 237-25I  
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T A B L E  Vt: 

L O C A T I O N  O F  R A D I O A C T I V I T Y  I N  V A R I O U S  C ~ L L  F R A C T I O N S  FOLLOW,  r I N G  TJ{~;  , ~ S S I M I L : * . 7 ] Q N  <)~" 

P Z D I O A C T I V J £  G ] L U C O S J ; ,  P Y R U V A T I ~ 5  A?#I ]  A C E T A T ] <  

~oo m g  l y o p h i l i z e d  ce l l s  a~,d i 8  p m o l e s  of  s u b s t r a t e  i~? a t o t a l  v o l u m e  of  3 5  J-~-; w e r e  a e r a t e d  for  
25 r a i n  a n d  t h e n  2 -m]  s a m p l e s  w i t h d r a w n  f r o m  e a c h  i n t o  2 m l  i c e - c o ] d  wa.~:er a~,d c e n t r i f u g e d ,  
T h e  ce l l s  w e r e  w a s h e d  re, ice a n d  a, f i n - the r  p o r t i o n  w a s  d i l u t e d  l o - f o ] d  fo r  b a c t e r i a ]  dellsit37 
m e a s u r e m e n t .  T h e  r a d i o a , c t i v i t i e s  p r e s e l ? t  in t h e  ce i l s  ta, kerJ fo r  f ra ,c t io !~a t ion  w e r e  r e s p e e d , : e ] y  
( c o u n t s / r a i n / r a g  d r y  w t , ) :  ~U--~C]glucose ,  3~o4:[3-~'~C~p3 r u v a t e ,  796 ;  'e->~(71;acetate, 7403.  

Percentage of lo2(d radioaclivigv 
Fracticn~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-U '~C ::hecose i~,-::C]#,:'u ::~c r~ ~(] u/ate 

W h o l e  ce]]s  ; o o  ~ oo  ~ oo  
Co ld  T C A  2 7" 2 58 .8  di2.6 
E t h a n o l  53 .0  ~ ~ 2 ~5-4 
E t h a n o l - e ~ h e r  ? .o  o.o  o.~ 
H o t  TCA 7.3 ~' 3 - I  ~ 3  
R e s i d u e  ~ .3 6.4 < 3  

T o t a l  r e c o v e r y  90 .8  89<} $8 5 

organisms a polymer of/3-~hydroxybutyrate is laid down during oxidative ~<;simi]ation. 
No report has been made of the occurrence of poly-/?-hydroxybntyrate it, 5. lutea 
or related organisms, and althougln the fractionation data made it v'~ry urJikely that  
any was formed from acetate or pyruvate  (it would appear in th(  protein residue due 
to its insolubility6), and it has been found that  acetate alone does noi vie] d the polymer s, 
a few experiments were carried out. Cell suspensions were aerated with :~oo cam 
solutions of glucose, acetate, and glucose plus acetate for period,~ of d h, At hourly 
intervals samples of cells were treated with. alkaline hypochlorite and the r~',sulting 
turbidities measured. There was no significant increase in any instance, thus indic;~ting 
that  poly-fLhydroxybutyrate and/or lipid material was not formed. 

A ssimilatio~, of gh, ceroZ 

Glycerol is readily oxidized by cell suspensions of S, ¢,tea aI~d. Jn view of its close 
relationship to the triosephosphate stage of glyco]ysis, oxidative assimilation of 
this substrate was studied. 

50o mg of lyophilized cells were incubated with 4 mmoles ot glycerol and o.~34 
mM KH2PO4 buffer, pH 7.L in a total volume of 2o mI. The cellular carbohydrate 
content and glycerol utilization were determined at 3o-min interva]:s over a period 
of 2 h. The carbohydrate content increased from 9.6 to 15.8 % of tim dry bacteria] 
weight while 738 ffmo]es of glycerol were consumed, From the data obtained in this 
and similar experiments it was calculated that  each mole of glycerol utilized gives 
rise to o.I 7 mole of assimilated material calculated as glucose. 

DISCUSSION 

The oxidation of glucose by S. At.tea is accompanied by an increase in the carbohydrate 
content of the cells which is directly proportional to the quantity of glucose oxidized, 
When radioactive glucose is the substrate the radioactivity assimilated is accounted 
for by the glucose appearing as polysaccharide ui thin the cells and the specific aetivit\ 

Piochi~< ]3{op]lys..~c,'~: 40 09Go) :-37- z57 
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of this material approximates to that  of the glucose substrate. Additionally chromatog- 
raphy of cell hydrolysates has shown glucose to be the only sugar to display a massive 
increase in concentration during assimilation, although the sensitive HEYROVSK'~ 
method for fructose did enable a slight increase in the content of this sugar to be 
detected. Finally, extracts of cells which have assimilated radioactive glucose contain 
a single radioactive component which on hydrolysis gives rise to glucose. These data 
together are taken to indicate that  during the oxidation of glucose by  non-proliferating 
suspensions glucose is assimilated and a polysaccharide composed essentially of 
glucose units is deposited in the cells. 

Our earlier work '~ demonstrated that  assimilated carbohydrate is unable to 
sustain the level of endogenous respiration characteristic of freshly-harvested cells. 
Furthermore, the increase in endogenous respiration which occurs when endogenous- 
diminished cells are incubated with glucose in the absence of an exogenous nitrogen 
source can be largely explained by the effect of glucose in stimulating an increase 
in the concentration of the free amino acid pool from endogenous peptide or poly- 
peptide material. The much greater increases of endogenous respiration at tendant  on 
incubation with casein hydrolysate are unaccompanied by any deposition of carbo- 
hydrate in the cells, while the carbohydrate which is present in cells harvested from 
peptone media was shown to be quite stable and to undergo no change during the 
diminution of endogenous metabolism. For this reason it was assumed that  the 
carbohydrate content of such cells represents structural material and is not a reserve 
of energy-producing material. The fact  that, under the conditions we had been using, 
the assimilated carbohydrate appeared to have an extremely limited role as an en- 
dogenous reserve led us to suggest tentatively that  it might also serve some structural 
purpose, although at that  time experiments on the fate of the assimilated carbo- 
hydrate in the absence of an exogenous supply of glucose had not been carried out. 
This earlier concept was rendered untenable by our present finding that  the assimilated 
material is utilized and ultimately disappears; consequently a reassessment of the 
problem was made with cells possessing depleted free amino acid pools. Conditions 
which resembled the "nitrogen-starvation" used by many  workers seemed to offer 
the most favourable circumstances for demonstration of the role of the assimilated 
carbohydrate as an endogenous reserve. However, the endogenous respiration bore 
no simple relationship to the assimilated polysaccharide and while undoubtedly it 
must be making some contribution to the endogenous metabolism, it is quite clear 
that  it is not the sole substrate utilized. 

The patterns of assimilation recorded with position-labelled glucose are of con- 
siderable interest. The fact that  less radioactivity is assimilated from II-I~C] - than 
from [U-14C]- or I3,4-14C~]glucose is a reflexion of the pathways of glucose metabolism 
which operate in S. lutea. We have already demonstrated that  the pentosephosphate 
cycle accounts for some 3o % of the total glucose oxidized and a feature of its operation 
is the preferential release of carbon atom I of the glucose molecule. The effect of 
recycling [IJ~C]glucose by this pathway would be to produce a pool of hexose- 
monophosphate with lowered specific radioactivity, so that, even if the deposited 
polysaccharide were synthesized directly from a portion of the phosphorylated 
substrate, some lowering of the radioactivity of the resulting polysaccharide would 
be expected due to dilution with pool hexosemonophosphate. 

Evidence concerning the route of synthesis of the assimilated material was also 

Biochim. Biophys. Acta, 4 ° (I96o) 237-25I  
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obtained. I t  has aiw~}s been recognised by  \vorke]-s Jn this field t:imt t,'.:o po::sJb]e 
mechanisms may be envisaged, nan,(]): (a) the assiu-li]ation o:r su])st!:;tt< molecules 
and their  incorporat ion intact  h~ 1:lie ]esult ing ce]]u]a]: mater ia l  a>d (i,) t]}c" )Teal<do2v<. 
of t i le substrate to sma]br  fragme]~ts whic]~ are subsequently ul i ] ized ~or "T ' * ,~  ~:- . . . .  b . J  ' ,~ :3 ,1OJ 

of the assimilated substance. \.a]-ious studies a :,sP. have suggc.i :d t]~g:t clue ;o~zi:e 
of glucose assimi]atJo~ is v/~ p) ]:u',~,'d;e w]~i('h is f]~e~ decarbo>yla ted v,.'jt]~ as~;r, ibt:k3n 
of the two remaining eaT])o>_ atoms. 

"/]]at assJmi]at]on of glucose as two-carbon hragments is not t]~e en])n{, . : ] 'anJsm 
encountered M bactcTia is demonstTated !)y out own Qndings wi th .b. Z~f ;.< \A.:e have 
also found that  the car i 'o×yl  group of pyruvate  is ]ai-A-ely e]JmJn~ted pT%;7 to ~ sstmi]a- 
tion, which indicates that  t )yruvate is assimilated as a. two-ca]7tx>n fl:agmeT, t such as 
acetate. The small amount oY yadioact iv i ty  (7 {}.",) whic]~ ]s assimi]rted J'~on2 / -~a ( ] -  
pym]vate nqav we]] arise ])y (]()~-fixation Teactions rathe]  than b "  a .%,~:m]] a'.-~r-*imilatio~l 
of the ca]:boxy] group, -rod i t  is s gnif icant that  ,.re i>'P,:e previous])' ,:71~n~,o~st]81:ed the 
occurrence of CO~ fl>.adou durJn{( glucose metabo]Js:>_ by .%'. Z;,'~% ] 'he re tabo] ism 
of -3,4-]~C~]g]ucose ceitbe]: ])v the ]~:',~m)E~=M~2Y~P,]¢o> o~ the pe~aio~-epi~,os!-)].,~te pat]> 
ways  gives rise to pyTu~ate ]abe]led Jr] the ca]boxyi  group, ])ut ~here;:~-: 5:[-"{, of 
the  ac t i v i t y  added ;!.~ the ton}no< sul:,strate is as!-;imfiated o~]3,- 7 {~ of ~; t,:: J a l t e r  i,- 
f o u n d  wi th in  the ceil::. ]n addit ion, a]] the ac t i v i t y  ~ssimilated L;:e,~> [[U-~::C]gt_]cose 
is accounted for by tlJe inc]-ease in cellular pol3.sacc]mride a]~d >o otl:}e~: product 
such as po]y-f i -hydrox3q)utyrate, ~io] ~ which glucose b~eakdov,a) i)~.Tio:: to ;~:<simJ]ation 
would be mandatoc/ ,  can be deteeted. Conseque]d:]v t i le ca]:t-~on atom~ oi {_jucos~. ~ 
cannot be assinli].ated v{a p) ] :u \a te  and the .most ]il-:e]y explanatio> al)pea]s t.o b ,  
tlK-Lt a portio]~ of t:]m glucose su,).~t] a~_: is assimilaied as such v,:hi]e the ]7,T.]]Gdi]]de.~: i~: 
being oxidized to provide energy for the assJmilato~- 3 process. 

The results obtained wi th radioacth'e pyruvate  a~sd acetate Jr. the ]-..;-{:se.lt ,.reek 
are in accordance \vJtl~ ea]-lier conclusions *, drawu o]~ the basis of in t  :ct ce]] and cci-  
extract  experi]v.ents, that  the t]:Jca]:boxylic acid cycle operates fo~.: te]~nina] T<'SpiTa tJO~ 
in S. h~tea. Thus mort: : :adioacthdty 5~{ assimilated 9-ore met]Ti- l ;q)<i ied than ~rom 
carbol~yl-labelled pyTu>ate o]~ the one hand., a.~d mote hrom meth,]-]a]~(~lled tha;~ 
from carboxy]- labe]bd acetate on the other. "]'hese f indings a.<e cons~ste>i: with r, 
]nec]]anJsm for the pTefeTel]t]a] ei imi]mtion of the ead)oxy] gTOU]) Of a(;cta.i:<. 

The Teactions .rd g]).-(:o]) sis do not appear to be ]:¢versHtlc 2n~de]7 12~]{:" c(.}ndJtions 
we have used since >o de tec tab le  c a rbohyd ra t e  is formed f]-o.T (11:]~er ])i ]-u~atc or 
acetate .  This co~clusioP, was also l-cached in a t)~~:vious s tud~ o17 !:]~e e~dogenous 
metabol ism of the o~ganism wl~e_'..Te I t  was shown t~]8. the a.ssimJ]aiion c% ;~n,ino acids 
resulted in a marked 4 ]mu la t iou  of endogenous nsetabolism i>.Jt ]]o ,.tonc()n~it;u~t 
c a rbohyd ra t e  forms.tioga occu]Ted:L The polysacclmride synthesis  :found <,ith pJ),c.,~]o] 
indicates that  the bloc]< in the reversed sequence of g]) colysis occur:< ),: tw(-en pyru~ ;tic 
and triosephosphate o]:, alte]:native]).% that  glucose is synthesized from ~1] eel-el by 
anothe]: Tout:c.. 
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S U M M A R Y  

T r y p t o p h a n  p o s s e s s e s  t w o  s e t s  o f  e m i s s i o n s ,  e a c h  o n e  o f  w h i c h  h a s  o n e  s h o r t - l i v e d  

e m i s s i o n  a n d  o n e  l o n g - l i v e d  e m i s s i o n .  T h e  e x c i t a t i o n  b y  ; r - a  a b s o r p t i o n  a t  28o  mr*  

g i v e s  u . v .  f l u o r e s c e n c e  a n d  b l u e  p h o s p h o r e s c e n c e  u n d e r  c e r t a i n  c o n d i t i o n s ,  e.g. f r o z e n  

i n  a n  a q u e o u s  s o l u t i o n  c o n t a i n i n g  g l u c o s e  o r  m e t h a n o l .  B o t h  e m i s s i o n s  a r e  s e n s i t i v e  

t o  t h e  p r e s e n c e  o f  a d d e d  s u b s t a n c e s :  i n  a f r o z e n  s o l u t i o n  w i t h o u t  a d d i t i o n ,  t h e  b l u e  

p h o s p h o r e s c e n c e  d i s a p p e a r s ,  w h i l e  w i t h  t h e  d e c r e a s e  i n  t h e  f l u o r e s c e n c e  t h e r e  is  a 

c o n c o m i t a n t  i n c r e a s e  i n  t h e  p h o s p h o r e s c e n c e ,  r e s u l t i n g  f r o m  e n e r g y  t r a n s f e r  b e t w e e n  

t r i p l e t s ,  i n  t h e  p r e s e n c e  o f  a c e t o n e .  T h e  e x c i t a t i o n  b y  a n e a r - u . v ,  a b s o r p t i o n  a t  3 5 o  m/~ 

p r o d u c e s  b l u e  s h o r t - l i v e d  e m i s s i o n  a n d  g r e e n  l o n g - l i v e d  e m i s s i o n ,  w h i c h  a r e  q u e n c h e d  

b y  t h e  a d d i t i o n  o f  s t r o n g  a c i d  o r  t h e  f o r m a t i o n  of  c h a r g e - t r a n s f e r  c o m p l e x  w i t h  

d i n i t r o p h e n o l ,  e t c .  
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