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Introduction 
III a the lltili/a/ion ()f 'iUUOse, fructose. 

mannosc. ribose. f,';lucllronatc and glll('onal(, in Ihe 
functions of sugar heels wa~ demonstrated by a series 

ric experilllenb. However.·1 natnre of the 
cataholism of to he eluci· 

acetate. 
late, . f,';Jllcose and glu('ol1ate were llsed :IS suh· 

strates to idelltify and estimate majo!' catabolic 
111 sugar heets. 

\Iatel'iaIs and Methods 
beet roots or t he I' S \\'ere used t'xcl 

ami they were selected on the 
III t. and 

illlalcly 300 gTams. 
specifically laheled acctate. pyru\,atc alld ~dU{()sc 

were obtained frolll Ihe \:atiollal Bureau of StCll1(hrds Ihrough 
t he Kille! (oopera lion or Dr. H. S. Ishell and from (01l1mcrna I 
sourccs in the case or glu('()st;';) -(;" which W;l" 

in this laboratory hy the method or \Vood et aL (\ (' 
nd -'Z.(;" was by lite OsO, oxidation method of Weis· 

;;hach and frolll fumarate·\ ,. and fumarate-
2·:)·(:" Potassium g\unmate-I. .'>'(11. (j and 
-{-(;' "Tre prepa red to t he met hod of \[ (lore and 
Link (I 

The on the milil;ltinl1 or C" 

was 
means for the administration of 

labeled suhstrates. 
of by 

means oj' a mica end-window 1I11er coullter llsin(! BaCU, 
cxclusi\'ely as the ('Ollllt form. COUllt were carried oul 
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to ,[ st<1llda dc\iat iml 110 grcater than and countillg' data 
II'CIT corrected lor ,me! sel iun in the COIl· 

\Tllt jOllal manller. 

Results and Discussion 

icatioll 01 tile radiorespirolllct ric method lor Iill' 
and csrimal iOll or cala bol ie 

a relics he;l 
(:' n:(overy ( , 
\\'llhill a . serics uI experimellts. 

lor Ihe administration or laheled 

lrtant lauor ill tltis The 


recoveries Irom the beel root, administered lI'il h spe· 
(ifiedly labeled substrates stich as wosc is indicated lhe dat,\ 
presented in Tahle 1. It can he ,een lilat the an'rage 
alllOlJg replicatc slll:dl and the data 
arc. tiJerefore. val studies on either 
lhe irativc OJ 

Tahle l-UcprorhldbiHt~ of C:'O:: yields from heeT roots Hll'lahoJuing ;.;pcdfirally 
lahdt·o ~hKnS(' "ample". 

of (;lIilliwlic Pili 

III VIC\\ 01 thc alHlnclancc 01 su(!ose ill heel 
loot, and Ihe role 'illcrose ;llld II beel HJll 

( il is reasollable In believe that an active mecilanism must he 
';pcratiH' lor the lioll oj sucrose to C:Oc \\!th glucose and 
i'ruct()se illg as obvious intermediates. Effons \\ere, there-
lore. made to elucidate the catabolic pathways 1'01' 

llle U)]1VcrSIOIl of glucose to smaller fragments, lor 
rlllK! ions. and to ! he ra lor), C( L lor energy product 

Substrate 

{~hlcosc.l.C:' i 

(~Iulosc-l 

Clu(o,\c-I -( 

(;J u('osc-2-C' I 

(~lu('ost'-2-(.'1 

(;!U()):'C_2-(>i 

GJucO_'.C-:Li\-CII 

(~IIl('OS('':),4_(:il 

(~l w:ose-tl-(:-

Cl HCOSC-{)-Cl· 

(~lllroM>!l-(; 

Substrate' 
wd\l!.lH; m~ 

Percent rc,coVtn 

at 20 hours 

12,i) 

1:1.0 

21 

1.0 

I(j.) 

O.J 
0') 10.1 
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In studies 01 this type it is often a(h'an 

e. 
i.e" 

to first under 
stand tile rnechanislll invoh'ecl in the of 

:lCCI<lIC, ;md 
liIlle (Ollr~c 

(:' '00 lCCO\'(::T1CS 

in L 
llllc\Oll bled I 

rise to the forlllation of a 
is in the nature oj acetate can he concluded irom ;1 «(lill 

o/ the [or C and (' or 

products derived Irom sucil 
gl The 

recovenes or Clllllulalin' 
C" fically labeled 

The extensive comersion 01 (:·1 
reflecLs til e ox ida Ii H' 

arc glvell 
te 10 CO, 

pyruvate \\'jtll that [or acetate given ill Figure 
:\'ot olll do the time courses or the 1\'(' '; Ileal' a close 
resemblance to each other. the ratio (:.:!/(' 

at the end or was calculated as ~l \~lllll'of 

exact 
closely the analogous ratio o~ C I iC·~ lor acetate. 

nature or the mechanism for acetate cllal)oi iSlll 

cannot be delillec! hy the \\'ork, l!ml'l'\Tr, the prcierclll ial 
c()I1\'('r~i()n oj (' I 01 acetate to C( L as to tilal or C 

TIME (HRS) 

patterns for sngal' 	heel.s. metabolizing (:" 
, pyrllvale-2,C Ipyruvale, pyruvale.I,e:' 
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oc 
w 
> 
o " 
~ , 

r IWE (tiPS) 

patterns for sugar beels (;11 
,\n:tat.... J·(:1 I acelate.2.C'; 

that tilt' 1I icarhoxylic acid lllay have been 
pal pathway. The ohserved rat :L:), tor (>1/C-2 01 

acetate in CO" is s()!1H~what h' thall what h;ts beell observed 
with is finding can plObahly he ae

the effect of dilutic)J1 
illtermediates frolll unlabeled 

constituellts (I~l), III the pre~ent case, lhe eflect is presumabl 
more pronoullced ill \'jell' 01 the amount 01 reserve 

in beet roOts, 
The rad terns for tile utilization 01 

lale·' and ::!_C" in Figure :), It is 
lo twte that altllOug-ll cOllversioll of c: I 01 

patterns for sugar beets 
Glyoxylate·l.(:t '____ , 



VOL. X I. :\0, ;), ,\PRll I~)Gl 417 

g-lyoxylate (0 CO, is the ratio o! C"O ret mcries 
C-l /C-~, lor g-Iyoxylate is Immel to be approximately ID. a valuc 
('ollsideraLly hig-her than thc anaiog-mls ratio ohsnved in the 
acetate experiment. 'rllis fact may indicate that in additioll to 

lile operation ol e pathway to). there llla l 
exist other pathways are responsihle lor the pr('/nelltial 
ill(OrpOUIIOIl or C-:! illto heel (ollstilllClllS hence 
the pre/erential (omhml C-I LO CO:. Possihle mechanisms 
0/ this type, to cilc a lew are the incorporation 0/ C-~ or 
!.{l to a g-roup wilicil is all illlportant inlerllle<iial 
III 

y I he1cd glucose a" tracing suhstLllC the 
terns lor C- L C (' and C-6 01 tHOSe 

The 01 
(' gilicose ill 1(' 

opera t iOIl 01 tile 
patll\vay in COil junl'lion with 
pyrmate is tllC IlIa initial SI [or 11,"lu('osc hreakdowll, 
\\hik, tile ( (OnHTSioll or C-I or glu(oSt, 10 

co" in comparison with (Ai P()jllt~ ro tile participatioll 01 an 

riME iHRS) 

patterns for sugar beets rnctaholiszing c: I 

Glucose-I·e" Glu{'ose·2·C" . 
_____ , Glumsc.6.(> I 



alternate way, since these two carbon atoms should behan: 
metaholically identical in the Ei\IP-TC\ scheme. The nature 
of the alternate with the discussioll 
or the findings 

to fllrther speculate tllat the acetate. derived 
from of the L'vI 
mechanism, is 
clenced the conversion of (() CO 
relative 10 that o[ (Ai. Conclu.siof] is drawn from the lac( thaI 
in the classical 1':\1 P-TCA would 
that C-~ and (Ai or glucose to the 

carbon atollls of The 
alioll oj" the TeA 
III connection with the acetate experimellt. 

The nature of the alternative pathway I'm glucose cltabolislIl 
ill sligar beels was further elucidated the use of e" ly 
labeled gluconates as substrates in experiment> 
/\ltllOugh the pbmpl 
known to occlIr in plant 

derived from , ill planl cataholism has 
yet to be I'll clari IlSe of e'l labeled gluconall' ofleis 
the that tlte catabolic behavior of pelltosl'pho~phalc~ 
can be r('cogni/,eci without interferellce from the COl1currellt catah, 
olism of suhslLlle glucose since is knO\\'ll lilat (j,pilospl1oglu
COllate cannot be readily converted to glwosc-(i-plHJsphalc fii-

The C l)dtlems (or (:,1, (' , C:1,'1 amI C-(j oj 

glunmate are III The (',,[(,lhin: COlJ\('l'sioli 

oj (;-1 or gl\l(()natl~ to arter :Hi hours. suhstantiates 
the occurrence or a C \1'hicIJ IS pn:~l!'lllably 

in the nature of ph iOIl. The elL!, 

hohr fall' of pcntose patlm';IY call he 
elucidated hy examining the rae! pallcrns tor lhe 
other carhon atoms of g'luconale. c thaI C 'O, re-
c()verie'i frolll carhon aloll\s arc 
C >C-() indicate that the pClltose. the nature or 
rihose-:")-pllOsphate. is converted 1('1' t () Iru('tosc, 
(i,phosphate through tile ael ion 0\ transkcwlase I r:lllsaldoiasc 
The conclusion is drawn rroll! the consideration I hat t\\'o-l hirds 
of the (;-:),4 or gluconatc Sllould relllain in C-:H ion 01 the 
re,rormed (I) which can be in lu rn con vcrt eel 
extensivel (,('fed to the ie calab, 
oliSl1l 
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for .'''gar hcel> metabolizing C' 
,(> , ___,,__ , Glu('o!l<lte,2,C'1 

, (;lu('onale,lj,C'1 

rhe calaholism oj glw(),,>c ia the ]>Cllt(hl' 

heen \('('t'll examincd by Katl and \Yo()d 
('\';11 natcd tile cHcel 01 01 11CXOSC lIpOIl 

pal participatioll IInder the Iructose(; 
formed \la I he ilihlium 

with gl 
repcated iOIl thlls 

implics tiial Iht' Ie \1'011 1101 he 
c;11 a hoI ile( I \lay or f'lllclose,l. (;,dipilosplul 

('~d ",[thout C\ic\CIH(' 

('IllS \\,hcrcill till' F\!P 11\\ay 

I IlaS bccn 
CSlllll;uioll of path 

study \I'itlt S(lfcill(f II/luI, these authors 
lrilHition of Lite F,\'IP 
011 the hasis that thee 1'1lct()Se,n 

in e<[lli ibriul1l \lull hOI and 
and hence should display caUholic he
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to that oj substrate Lr1u(OSc. The treatlllcnL. 
Oil Iy rrom tilcoretica I consider:1I1ol1s. 

ble \\'hen one takes illto oHlSlderation tile 
hetical runci lOllS ()j 

data presl'n ted 111 tal 
the assumption made 

.ril(' radio~ 

Dawes and Ho]ms 

Esli'llfltioll oj Po/llulays. 

If one llIay assume. on the 
that ill beet 
111a.l0r in the mallner 
then be to make llse 
data from the glucose to l'stimate the relati\ c par 
tiei pa t ion for each of these two s. The' 01 the 
method invohed has becll presellled by Harbour lor 
fruit studies. 

basis 0/ 
root glucose is catabolized 

n::<o\<'I') 

.!SA. etc. 

recycling 

ill beel catabolism. glucosc·{i·phosphall': 
(i·PC, (j.phospho-glu(,olla Ie; (>" P. pcnt()SC phos. 

E:\IP. the Emhdcn-.\Jeverhoi·Pal'l1as pathway; 
TeA, Ihe Iricarboxy'jic add pathway. 

[he 

and extensively 
by way of the 
glucose 

a.ssullI the estimatioll U[ 
e.ssential the same as that de~cnhecl 

In silort, l hest' lOllS C<1 n 
(a) The 

uf 
triose, 

arc equ to each other 
to furtiler metabolic reactions: 

trioses is decarboxylated 
rise to acetate "'hieh is in lurn caLailnj 
processes: Tile cO\1\crsio!1 of (:.] of 

in the pi ueonate IS a 
ically qll:llltitati,e pmces,: 
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forllled in the pllOspilOglucon<llc decarboxylation c10cs Jlot (011

tribute promptly to COc particularly ill tile earlier 
stage of the timc course s. The e\ idelHc SII pporting 
these assumptions ha~ been led carl ier ill the discllssioll 
or lile naturc or c11aIJolic pal 11IllCI iOll in heel IOO\' 

In the CstHllatioll of panicip,ltloll III plant 
il h,rst est t Ie exan allloullt 01 the 

slllce the admillistered labeled llense was 
ILl catalJol ic Iullction" Bearlllg' Illind tllc 

iOllS. olle would Illat I'm each Illole 01 
glucose carabolif(::'c\ 01 \\ollle! be lormcd 
olle JIlole of )c from or C or glwo;,c 
and silll Olle mole or COc would 

CO 2 frolll C-l 01 glucose ca tabol 
IlIIay, fhe latter is 

tHOSe ill C(L 
t Ilat cieriH.'cl 

oi 
1011 I: 

(C , ( I ) 

where (;, is equal to t Iw Irauioll of adlllllJislClt'(1 
labeled glucose catahollled I i and L,; arc 
tile cUlllulati\T radiochemical . 01 thl' ,'Ill b
strates ill the CO. ,11 lillle 1 from heel roots 11 H.:' 1a iJol 

:IlllOlults of gIIICOS(-I-C" C;IIIU 1 and gl ucosc
;" rl'spt'Clive\y. 

rhe cstim<ltlOlI of path\\!\' panicipatioll ill die cat;liJolislll 
of glucose ,,-jtll respect 10 the IractiOu (;, of the administered 
amount is g-J\Tll in Equatiolls ~ and ~i' 

(;, (;,
CI' =- --- -- -~--- X 100

(C - (;,,) 

(;, ]00 - (~" 

Ililere C" rcprcsenh lile percentage fractlOJI of administered 
glucose calaiJolill'cl via rile pilospilog-lllCOll<ltc decarboxylation 
and C;,. represents the ptTCentage iraniol! or glucose in 
the /<::\I1' glycolytIC pathway. 

rile val lies of C C" and C, calclliated according tu Ihest' 
" equatiolls along with the radioresplromctl-ic data 

frolll three replicate experiments) cmployed [or these 
are gil en ill I ahle ~ f()r cxpcrimenb extended to a 
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~rahlt' 2.-J>athway distdhuti<)t) in hn'l foots. 

CUlHuJalin: radiocht"Iuit'al n:o:tycn Glu(os{'-C! ( Pathw<l} 

Tim(' of substrate (l('tivilY in C(h calah(rlilt'd distrihution 

Hi's. G-I-C" G-:I,4-C" (;-(j-C" G, (Eq. I) G" (Eq. 2) G, (Eq. :l) 

n.1 0.:) 11,7 

:':.0 :1.0 

'1.3 U 1i.1l 

{l.,) :-di 7,~) I.! 10 

10 h.t} II -),S I'! 

1[;" ,u I , (i,r) I~ 

II IV) 11;.2 j.~l 21l 

IIi j II H.q 

IK JI." 
~() th.O 12,J 10.!1 

that the \'alut' of G, nscs ill the earlier 
and levels toward tilC or tile experi

ment; \alllcs or declille a L (he be 
and soon reached a value at 10 hours afler sub

strate admillisl ratioll.. rhe tr('wl or dilllillut iOll in (. lucs ill 
fact reflects IlIlIch to the \alid or assumptiolls set fonh [or till' 
c\cri\;J1 lOll or equation I and the assumptioll on 
the rat of pClltosc readily seell Ilia! 
the terms (~r; alld (~:;(1) in these lOllS were meant to reprc

til(' C-(j and c..''; 
the F \1 P-TCA, 

of the radiorcspi r()jllci ric ex 

or 

to a duratioll SIX hours in Figure 4). Hmvc\cl', as 
ella of the administered glucose the ('ontrihn 
lioll of CO, via Lile IT 
t;) t() the terms (' and C; 'I' became lIIore as S'IIO\I,tI 

In tllllS resu "in the dillli!lllt calculated 
\',dues lor C r" On Ihe basl~ of tile r 1111; lllldcrs[;ll1di iT 
would appear that the values (,1' calculated Irom tile data col-
icUl'd in the plnsf or tile l'xpcril1lCnl cl()ser to the 
actual lioll or the illdl,idual h\\'ays, 

heet roots over olle,hall oj 
routed the F\[l'

1011 degraded the 
The lat ter pati!\\'ay senes 

ilia <I\'enue productioll. Thc pOSSIble in
\Oh'Clllellr or reaniolls ill lhe cataholism of 
derived From !leonie and has heen discussed carl iel. 
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Summary 

rile nature auc! p;!rticipatiol1 of pathways !ur the c;tta!)()iislll 
o! acetale, glyoxylatc, pynl\atc, g'lllc()Il;!lC alld g-Iuc()sc ill sugar 
beet rools Ilas hecl] silldied by Ille radiorespirolllciric method. 
It appears that glncosc is ntili/cd lllainly by way or till.' F;\lP 
glyc()lytic pathway and to a Illillor extcllt \La tile phosph()glucon<ltc 
c1ccarfJOxyblioll roule. 'Till' bulk oj' the pelllOsc c!cri\'Ccl frolll 

gluc()se \ia the lalter pathway is belicved to ulldergo pe!}to>c 
cycle reactiolls givillQ, rise to thc rcluunatioll or hexose which is ill 
turn catabolizcd ill'a lllanllcr ic1clllicd to Illat of hect glucose. 
The pynl\<lte dcri\'l'd rrom gluc()sc by "'ay or lhl' L\lP mcchanism 
presumably undergoes eXll'l1si\c oxidati\l' decarboxylation which 
is ill turll IllctaiJolil.cd "ia the rc:\ cyclic patlm'ay alld to some 
extent the glyoxylatc bypass p;ltll\\·ay. 
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