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'T‘he oo esenus.qd"es wo*e ccmce.rnec w:L‘H "he o= feuo—'-

'gl_uu.arate-dependent etabollsm of g,lvoxw ate in -etrahjmena

nyri‘fdrmis. . 'l‘h_é.' follow:mg.-reac uic:_n Q ) .

-

- s .‘ -, .l ‘e C02

LR he . .‘ n"
. : ,\.«I!.
T“OC-?E ~Cr g@§C“OF + OEC— OH -—-———ZZ;» ESOC-CH UF -GO=CE-COQY
2 . , ; 27772
2-' - o .ﬂ . ) '
-~ ﬁ“Ou-CEa-CE2 ~C0- YBEOH ,‘
COE ‘ ) ‘ .
wvas found ip oceur in the’ nresence of mitochondrial B \

preparations of J.e..rahymena and consis;.s of the condensatlon

of glvoxylate and’ o[-ketosluta.ra\.e to form c(—mrdrow (3 keto—
~adip1c acid (HhA) and carbon dzoxide. The product of the
snontaneous decarboxylablon of HKA J;hydroxylevullnie acid
(BI..A) (reactz.on 2) was identlfied as a derivative o? |
2,4- dlnitronhenylhyurazine by paper chr omatography }nd
comparison to synthe51zed auth.entlc Hlut he enzyme known '
as q_ketoglutarate glyoxylate - carbollgase {in fact a lya;e~ K\‘UJ-
recommended na.me.q(-hyc_lrox:y—(srketoadn.pate synthase) requlred ‘
thiamine pyroPhOSPhafé and ‘magnesium for'maxim'al'é.ctivity
(the latter requirement could bé demonstrated only in
'tﬂe .présence c':of EDTA). ' _
‘Ki.netic expefimeni:s with mitochondrial 5renarations

showec that the carbol:.gase has greater ‘affinity for

' o(_-z:etoglutarate (Km O 1 mM) than for glyoxylate (K 5 mh)
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-“?g‘g E At»empts to nurlfy the enzyme failed due to large B
105395‘1n oreliéinary steps.‘ It E?S possible however, to f;
obtaln ev1dence that the carboligase may ﬁe part of the o
drketoglutarate dehydrogenase system as has been reoorted

SRR

o for beef heart mitochondria..-l“_g ,_F=V ,l& 54 _  a '}. \;.' SR

. ﬁ'. The actiVity of the enzyme is nol affected by growth EEIRD U
“fof the. cells in deflned or undeflned medla supplemented
"{fwlth,acetate or glucose nutrients which affect “he actlvity

{of a number of enzymes 1n.Tetrahymena. ﬁ-‘

| .
;rnﬂ dr(l 1!"C)‘ke‘l:ogil.u'l:atrnza.‘t:e was detected 1n the assay -
Lgumlxtures an&‘evxdence is presented that its formation is L
ﬂ,ﬁnot due to, malate synthase and the tricarboxylic and ""

‘f_:fdlcarboxyllc acmd cycles. Rather lts formetlon may be due‘
‘”ato the operatlon of a cycle inltlated by the carboligase'
l oof mltochondrla, 51nce both enzyme act1V1ty and.q_(l IAC)

‘*ketoglutarate productlon were decreased in assay mixtures'

. _TVSupplied by mitochondria from thiamine— deficlent cells. L

. ' {‘ A metabollc cycle is proposed to account for the

LI .

,obserwed regeneratlon of‘drketoglutarate and is dlscussed'

P

.-in connection Wlth the oxidation of glyoxylate in Tetrahymena -
- and other organisms._:-~ ’
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' 'PURPOSE OF THE RESEARCH. .. @ -*. = = .+
. The pnnc:.p\al purpose of the research descnbed
' '-‘1n th:l.s thes:r.s was to study the gf-ketoglutarate-'
' .dependent metabol:.sm of glyoxylate in. Tetrahymena "
'-whlch hmged upon the demonstratmn of d-ketoglutarate
“"':‘glyoxylate carbollgase :Ln th1s ergan:.sm, its ; g
- subcellular d:.stnbutmn regulatlon and physzologlcal role.q
A subsmdlary a:.m of the research wa;s to prov:.de . ;
' ~"ev1dences that the condensatlon of uketogluta.rate _ S '
""and glyoxylate is an act1v1ty of the d—ketoglutarate o _ :
,' dehyd:rogenase complex. - : l_" . ‘ '
R )
) o ‘ . R N ) "
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CEAPTER 1 : . INTRODGCTION - -
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© Section 1.1, PATEAYS OF GLVOK&LAT _V?”nBOL¢SM
“ifowyfate is lknown o be ﬁe*y active bibchemicélly
Several enz;mat:.c react:.ons i‘or 1ts formatlon .und fot itu " o
'further metabollsm have been reported as 1t 1s shown in X
.Table _.ls Glyoxylate narulcipates in condensatxon reactions
(reactlons 1=12); oxlaatlons (reactions 1; and lh),
-reductlon(reaction 15) and, transamlnatlon (reactlon 16)
Among the condens& tion reactlons are the condensatlon w1th
acetyl CoA- to malate (1),- with succinate- to. 1socitrate 2),
with p?op;cnyITVOA to d:hydroxyglutarateiii); with butyryl-
Coh tdﬁﬁLethyli&late C4)y With.valeryl;Coﬁ;tb n—prépylmalate
(5)\with glvciﬁé to{54b§§roxyésnartaté*(6) and wlth _
‘nyruvate to - form thydroxy—drketoglutarate whlch has shown
to be revers*ble (7). In some cases the concensation is
accompanled by a concomitant decarboxylation of one of the
reactan»s. The condensatlon of two g’yoxylate mdlecules ylelds
‘ tartronlc semlaldehyde (“§A} and CO, (lO} the condensation
of Wyoxylaue and,d:ketog“utafate ylelds o~hydr oxy-ﬁ-hetoadlpate
and €0, (11) and with pyruvate d}?ydroxy-ﬁrketooutyrate and
'an (12). \on»enzymaulc conaensatlon with oxaloacetaue to _
oxalomalate ( ),and, with ace;oacetate to p—dcetylacrylate (0)

aTso bas heen TEDOTLEQ.

'_J
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Table 1. 1. Enzymatic reactions in ledxyia‘té Ejme'_t‘gbgilism.

xr . Lo . R . . . . ..
D) “COOR ' e ~comcoh " *COOH-CH-CH,~COOH+COA
© CHO - - ' o
| . COOH
*e o . o Lo , ‘
2) *EOOH 4 'COOH-CR,~CH,/~COOH ———> COOH-CH, “CH-CH-*COOH
cwo o T - ‘ e
.- . ' g | . OH. . o
3) COOH CH;~CH,-CO-COA ——> *COOH-CH-CH,-CH,~COOH+CoA
ceo 7. ‘ \ L ‘ P
o | - -
8 *|CO0H OH ?ZHS .

Lgo '+ CHy-(CH,),~CO-CoA ~— *COOH-CH-CH-COOH+CoA

. » : : “C3H7? o
5) *COOH . Ho N
COOR 4 CH,-(CH,) ;~CO-COA ——3 *COOH-CH-CH<COOH+COA
"~ CEHO o - |
‘ ' ' OH NH2
§) *FOOE. 4 NH,-CH,-COOH —— *cooa-g,a—ca—coon
CEO 2 | .
| . o | | oH
* ) ) ) . .
7) *COOH CH,-CO-COOH ~ ————> ' COOH-CO-CH,~CH-*COOH
CEO . 3. B a ]
' - c\oon -
8) *FOOH 4 cooB-CO-CH,-COOH ——3' cooa—co—cﬁ—,ga—*cooa :
CHO ' | - ik
. 90 *FOOH 4 cH_-CO-CH,-COOH —— CH4~CO-CH=CH-*COOH+CO, \‘J
CHO o dhathal ot
3 - PP oE -
10)° *COOH . cRo-*COOH ————> . CHO-CH-*COOH+*CO,
CHO o AT :
v SR o TPP H- :
11) *COOE COOH-CH,-CE.,-CO-COOE—> COOH-CHz-'CHz-CO'—gH-_*COOH+CO.2
" CHO _ - ST _ L2
‘ o - . TPP N Q8 S
12). *COOR " ¢, -CO-COOH - ————>  CH_-CO-CH-*COOB+CO,
CHO- 3 ' : : 3 '
T 4
13) *Icoc_)H - > HCOOH+*CO,

CHO 2

[(NE



14)C00R |

0 - ——— 5 COOH-*COOH -

C

. 13) FpooH S CH.,OB-*COOH

. “- -
[ \;ﬁ Lo 2

* . . 6 : - : )
- 18) *EOOH . m —c-CooE NH,,~CH-*COOH+R~CO~COOK.

——————

- CHO “'H ~. A

Y
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The purnose of thls sectlon is to summarlze theseb-'-"

| l{reactions, bhe metabollc nathwavs lnitiated by some of -

‘\“”ﬂithese resctions’ and the pronosed significance of these FER R

%:i reduced Cé-compounds such'as eth: _"w

| Aﬁbpathways. ileixb- ‘;-.“'

l l.l.A Condensatlon reactlons..

l.I l A. Condensatlon w1th short fatty acids.:j; E

The central role of glyoxylate durlng growth of

ilfmlcroorganisms on acetate“ the presence of more-f

. 1s now. well documented.ro
““During the growtb of mlcroorganlsms-intermedlates of the ; :1
r“rnitricarboxylic aCld CYCIB (TCA) are tilized to provide the NEN

i';carbon skeletons of many cell constituents (Krebs et al., .
”1952)._ When C -compounds are the sole source of carbon

‘means must eXlSt whereby such 1ntermed1ates, dralned from

ﬂ'the cycle are replenlshed by anclllary reactions (Kornberg

- and Gotto l959).f ?hen the ca-substrate fOr growth 1s A

 acetate ‘this is accompllshed via the glyoxylate cycle .
(Kornberg and’ Madsen, 1958 Kornberg and Krebs, 195?)

' '*:(figure 1. 1). The- net effect of the glyoxylate cycle is ' :-; K

the. synthesis of one molecule of C#-dicarboxylic acld from L

‘_,two molecules of acetate and it therefore serves to

- replenish Ch-acids drained.from Epe TCA cycle._ The two
?reactions which bypass the decarboxylative steps of the ‘ '

'r;TCA cycle have been referred to as ‘the "glyoxylate by-pass":‘n.
| (Kornberg and Madsen, 1957) The,enzymes tnsn catalyze,

"u

byl
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'"‘s{these reactions’ are isocitrate lyase and malate eynthese.

besocltrate 1yase catalyees the reversible aldol cleavage

“o”of Ds(+)1soc1trate to succinate and glyoxylate (Fbr reviewhvfgd“

'\-see Kornberg, 1966&) Malate synthase catalyees the : '7.
‘ff_condensation of glyoxylate w1th acetyl—CoA to form malate ﬁ
Je[(Wong and Aal 1956 Kornberg, 1966) |

The genes governlng the synthesis of malate synthaselligﬁ:{

'dHf and of 1socitrate 1yase 1n Escberlohia c011 apoear to be

i

| f_members of & srngle operon (Venderwinkel and De'Vlieghere,ﬂfi”‘J
'“3:}1968) and thus subaect to 1dentlca1 control. Kornberg (1966 b)
'*;5has shown that thls control 15 largely a repre531on exerted R

; by & metabolite closely related to pyrnvate and phosphoenol—-f'n‘
fzibnyruvate CPEP) In addltdon, PEP 1nh1bits the actlvity ' .

of. 1socitrate lyase (Ashworth and Kornberg,.1963)., Thus
. <
‘“'1soc1trate 1yase and malate synthase are governed by end~-"

' product repre551on and inhlbltion, mechanisms commonly |

'_'employed to regulate biosynthetic sequences."-

LY

ot Two malate synohases have been descrlbed in Escherichia )

E’E (Falmagre et-al., ;965)_and independent genetic loci |
;govern”%ﬁeir'syhbhesisﬁo OneifOrﬁ (ﬁalate synfhese-A)'ieoei
forméd during growth- on acetate but not on glycolate

the other form (malate synthase G) is formed,during growth

‘.on glycolate (Vanderwinkel and .De! Vlieghere, 1968).: Malate

eynthase G contributee about hO” of the activity observed

tf‘in extracts of acetate-grown cells and over 90% of- the

-.~ .»\
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””lact1v1ty observed on glycolate—grown cells.- In Rhizopus

."(Webener et al., 196?) and 1n § c011 (Falmagre et al.,-

“iﬁb,19€5) the two malate synthase forms observed durlng growth

l7: on glycolate and acetate can be differentiated by their ;f- '

5,:Irates of thermal 1nact1vation.:

The glyoxylate by-pass has been demonstrated in a

,’fvarlety of mlcroorganlsm such as bacterla fungl and algae;"lf

o ’Qfngor review see Wegener et al., 1958)--

In protozoa and especlally 1n Tetrahymena pzrlfo _;fl‘}‘J

'~“f_lthe ev1dences for the presence of the glyoxylate by-pass-f‘

'enzymes was obtalned by Hogg (1959)-; These organlsms have,;”‘
o a: great capabllity to convert fats 1nto glycogen (Eogg and':'f.
"1Warner, 1956).. Strong evidence supports the conclusion
| that cellular llplds are converted into glyCOgen'v1a theﬁ.

."glyoxylate cycle (Eogg and Kornberg, 1963, Fogg, 1969,-
‘l?Levy and Scherbaum, l965a)- It is also known that malate'
-‘_‘synthase and 1soc1trate lyase are located in peroxlsomes

.:.-(M'uller et al., 1968).

The regulation of the glyoxylgte by-pass enzymes 1n AL“

- Tetrahymena is not completely elucidated.- The oompartmenta—
o tlon of the enzymes 1n a,special structure is probably a -
means of regulation ‘but the process by whlch it is accom- - .

'_pllshed is unknown (Hogg, 1969).» As in bacterla the'

'.. formatlon of these enzymes in Tetrahymena has been found

- to be 1n£1uencedpby the comp051tion-of the nutrdent meddnm. o

PO } . o,
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The by-pass could be induced by growth in the oresence of
- acetate and repressed by growth in the presence of glucose
(Pogg and Kornberg, 1963, Whitlow et al., l9?2).u HoweVer,\'
t uas found that when thls organism\was grown aerdbically
in peptone med}a, the level of isocitrate lyase was low
B and it was only slightly increased by subsequent aerobic

Y

1ncubation 1n acetate ‘ne . In contrast incubation :ﬁ B

under static conditions r_sulted in high enzyme activity

and the addition of acet'te dld not further promote enzyme_fjﬁ I

formation (Levy, 196?).

o the levels of intracellul
. citrate 1yase are controlled more by changes in growth -
'-.conditions, particularly the oxygen content than by the ,3:

- presence of acetate., )

The glyoxylate by—pass actiVity measured by radio—-
act1v1ty incorporation from 14C-acetate into COZ and -
glycogen reaches a maximum in late log phase or early

‘- stationary phase in rTIetrahymena (Connet and Blum, 19?1).

Sxmilar results-for isocitrate lyase activrty have been s
found by Whitlow'et‘al;; (1972).. HOwever, Levy and
Scherbaum {l965a, 1965h) Had prev1ously reported that
maximal glyoxylate by-pass actiVity occurred in stationary
phase cells.’ They induced stationary phase by transferring
log cultures to- conditions of restricted aeration.‘ Lowered

oxygen tension resulted in cessation of cell multiplication
PP . -rf . .

1 was: suggested that in Tetrahymenaf"‘

metabolite repressors of 1so—lﬁ_ S
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l‘;and 1ncreased isocitrate lyase and malate synthase activityifﬁ .
?1 within three hours.. Recently, Kemper et al. (19?3) showed "‘
‘i'fthat the glyoxylate by—pass reached a maximum ‘at the end of;ilf"
uf"log-phase declined until the middle of stationary phase

nd then increased agaln to a maximum near the end of

“j‘jstationary phase. They sugbested that the first peak
“ff,fcould be caused by acetate inducoion and the second by

”ﬂ;‘-oxygen depletion in the culture medium.- .f:.f; :;-”va

The glyoxylate by-pass also operates in plant tissues.“

1sstudies With germinating fatty seeds have prov1ded con- - S

'siderable evidence for the operation of a glyoxylate cycle

e ‘durahg the conver31on of fat 1nto carbohydrate (Bradbeer o

1and Stumpf 1959, Carpenter and Beevers 1959, Marcus and

:,Velasco, 1960- Calvzn and Beeves, 1961). The glyoxylate ; :

: cycle enzymes ‘occur’ exclusmvely in the glyoxysomes ‘

| (Breidenbach and Beevers, 196?). Isocitrate lyase is lost
during growth and maturation of fatty seeding (Beevers,'

k 1969, Carpenter and Beevers, 1?59). In spite of an early
report to the contrary (Carpenter and Beevers,<l959)
:1socitrate lyase- has been demonstrated in - crude dialyzed

o extracts oi spinach leaves. The reason ‘for the failure

of earlier 1nvestigations to detect the enzyme may be the
"‘presence of endogenous inhibitors recently reported bx,

2_"Godavari et (1973)

~0
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The operation of the glyoxylate cycle has not been

‘nconclu51ve1y demonstrated ln animal tissues althouah the_

. ‘presence of malate synthase hae been reported in rat liver ’

: \;if\(Ganguli and Chakraverty, 1961) Production of glyoxylate ifz“

frow fatty aeids haS*been observed in vitro in mitochondriaf;bn‘

1xfffrom both rat and pigeon 1iver follow1ng adoltlon of ADP o
‘ ﬁ(Kondrashova and Rodionova, 19?1) |

The dlscovery of malate synthase 1n E 0011 hy Wong

‘gn'and Aal (1956) and its 31Pn1ficance in acetate metabollsm E

"'f'lnltiated a serles of‘lnvestigatlons on the enzymatlc .

L Jcondensatlon of glyoxylate w1th other monocarboxylic acldsaf

"'.As a result the oondensation of glyoxylate with proplonyl—; S

'CoA to form a,-hydmxyglutaz-ate wasémonstrated._ This. - -
freactlon is catalyzed.by‘drhydroxyglutarate synthase o
':obtalned from aeroblcally grown proplonate-adapted E coll .
'(Reeves'and Agl 1962). Condensatlon w1th butyryl-CoA to -
form @-ethylmalate was demonstrated 1n extracts of

Pseudomonas aeruglnose grown in butyrate-mlneral salts

‘medla (Rabln et al., 1963). Condensation of glyoxylate .
with n—valeryl—CoA to form @-n-propylmalate was demonstrated
-in extracts of valerate-grown E. coli (Imai et al., 1963)

o Tﬁe:condensation of glyoxylate with propionyl—

‘, bntyry17 and valeryl—CoA are analogous to that catalyzed-
by nelate synthase “but eeveral important differences |
'e'ehonld be noted w:Lrst the activitles of drhydroxyglutarate

'and{5-ethy1ma1ate synthase formed during growth on pr0pionate -
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and nutyrate,, esnecumvely, are corsaderale lewer than the'” o
: act1v1ty of malate sy“t“ase fou“e in aceuate-erov cell . More- -

A over, browth on pronionate and outyrate also results *n nlch
act1v1t3 of dauate svn hase sufgestwsf trat tnese sub atesf

““? kmay be ﬂeeabollzea nr1nc1pally via acetate { egener et al., 106?3

“ﬂ_.l 1 B. Condensatlon 31ta elvc1ne._ _ |
__nls condensa 1on reaction has been aescrrbed in zicrococus-

denltrlflcans grown on Plyo*{ylate as sole carbon source. Glyoxylate

s transamlnatea to blycine vhxch coauenses Wiuh ano»her molecule._
of slyoxylate to fcrm ﬁ-hydroayaspartate.- Thls substance thenA  ¥
undergoes a dehydratase 1"eact:i.cm to yleld oxaloacetate and amronla.
rne oneratlon of tbis “atnway effects tne net formaelon of an.-j
in»ermeqiate of the TCA cycle requlred bo»h for energy and for '

: blOSjnthesis (hornberg and Morrls, 1963).‘-

1 l l C Condensatlon Wlth pyruvate.:f _ .

o g-hycroxy-drketo”lutarate alaolase catalyzes tne reversable_
cleavage of J-hydroxy-drkeeOSTutara e to pyruvate and glyoxylate_‘
(Kuratoml and “ukunasa, 1963) The enzyme has been nurlfled from: '
“#ﬁw?etellver (Kuratomi .and Fukunaga 1063, Faltra and Dekker 1964) |
) from bov1ne 11ver (Kobes and Dekker, 1960) from a 5011 bacterlum .

: grown on drketoglutarate (Arcnson et al.,. 1967). The activlty
also has been demonstratea 1n extracts of plant tlssues (ﬁayes

and Laties, 1963&). Thls reaction’ represents a termlnal sten in
- hydroxyprollne de‘xk&ation by mammals (Adams and’ Goldstone, 1960a

1960b Goldstone and Adams 1962 Kuratoml and “ukunaga 1963,

Kuratomi et.al.,’ 1963) The enzymatlc conversaon of f-hydroxy-

d-ketoglutarate to malate by 2 mltochondrlal dehydro"enase and by

a peroxidase has been described (Payes and Latles, 1963a)" These

- reactions may be physiologically szgnlflcant as ‘a pyruvate—catalyzed

-
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-tmechauism for the ox*dation of glvox,late (PatEs and Laties,‘

l l 1. D. Ccndensation with oxaloacetate.

. F Conflicting results haVE anpeared in the literature . .
}:Wlth resard to the condensation of slyoxylate and oxal-‘-ﬁf"itf-u-x”;
"1oacetate concerning the nrimary Product of the condensation.jtx3.
\T'A non-enﬁymatwc condensation Of E“Voxylate with oxaloacetate
Lk‘was describea (D Abrame et al.,1957 l°58 Ruffo et al.,‘e f‘
-',—959a qUffo l°61)- he product Of this reaction'was 1denti—,.:vs

"‘fiea as d:hydroxy-ﬁ-oxalcsucc1nate (oxalomalaee (Ruffo et al.,‘

:‘1962 a). This reaction did not . occur in ‘an ac1d medium was rather N
l;slow at pH ? L, but increased 51gnificant1y either by the‘:
.addition of magnesium 'ions or by increasmng the temp—: : _
ierature to AO - The free oxalomalate is very unstable and f RN
'Floses COa even at room temnerature to yield g-hydroxy- |
;‘dsketoglutarate.:."' _ '

. rr‘he enzymatic condensation has been reported in

, Acetohacter suboxidans and can be distinguished from the

‘nonhenzymatic reaction. The fbrmer occurs at pE 6 in the
'lobsence of magnesium whereas the non-enzymatic c0n- o
fdensation has an optimal pH at 7 5 and requires magnesium
fions (Sekizawa et al.,1966)
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Inhlbltlon of resnlration_in anlmal tissue by 513- '

e

: 'oxylate was ephanced by oxaloacetate and was accompanled
‘f,f,by the accumulation of citrate (D'Abramo et al., 1958
o Ruffo et al., 1962b 1959) This 1s in accord witn the
\‘:f;flndlng that oxalomalate competitlvely 1nh1bits acdnitase
:”H.(Ruffo et al., 1959, 1962&} and 1socitrate dehydrosenase
it;(Ruffo and Adlnolfi 1965) |

A

‘~'; nowever 1t has been claimed that condensaxlon of

’cglyoxylate and oxaloacetate tahes place w1th concomitant -

"ﬁ_,udecarboxylatlon and’ at PH 7. 4.5 Oxalomalate in fact  ‘ R
7-j‘represents a mlxture of‘3-hydroxy-aéketoglutarate and bic-:; }ﬂ .
; _arbonate (Pa;yes and Laties, 1963'0) 3-Hydroxy—¢-ketoglutarate

H,fproved to be an effecblve competltive inhibltor of aconxtase;:':

. 1soc1trate dehydrogenase and<xrketoglutarate dehydrogenase.
E A 90551ble ph351olog1cal ‘role of glyoxylate for the ccntrol
‘f'cf the TCA cycle through 1ts condensa 1on with oxaloacetate

was suggested (Ruffo et al., 1962b) Subsequent-studles

'(Ruffo et al., 1967} suggested that oxalomalate is. 10-fold

more effbctlve as an 1nhib1tor of aconitase and isocifrate

' ‘dehydrogenase than is j-hydroxy-drketoglutarate. - "' .,‘\'

l

“1 l 1. E. ‘Condensaﬁion.with-acetbacetate; i

The non-enzymatic condensation of glyoxylate with

'TLacetoacetate to fOrm p-acetylacrylate has. been described :-
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| n_5;31gn1ficance of thls reaction is obscure (the normal

5  ‘concentratlon of r"].yoxarlate occuring in vivo is very 1ow,:

. ﬁ(Elllngton et al., 196#).‘ It proceeds at neutral pH and

2L

3;15 accelerated by masne51um lons.. Altbough uhe phys;ological ;"”'"

_ but appears in considerable amounts in the organs and blood 3f,;~:5f

| ePof rats given a thiamlne-deilclent diet, (Lians, 1960 1962))

:'1t may account for the observed antiketogenic propertles of

S

'fglyoxylate in rat llver sllces. _QTV S .
. . _ff'l .." I . pee
.1, 1-2.. Condensatmon w1th concomltant decarboxylatlon.u,j ‘

Y

N 1 1 2 A.. Condensatlon w1th glyoxylate.

. .

| ”J}‘Glyoxylate oz glycolate can serve as a sole carbon-
fsource for some mlcroorganlsms.‘ When one of these substances
fis the growth substrate a serles of speclallzed reactlons
-:convert it to common intermed;ary metabolltes (Fig. 1 2).
The 1nterconverszon of- glycolate and glyoxxlate can be _'5;‘

" catalyzed by two dlstinct enzymes: flav1n mononucleo—-

o tldedependent glycolate oxidase (Zelith ana Ochoa, 1953) and -

a NADH or, NADPH glyoxylate reductase (sectlon l 1. 6) .; -
"shovm in Figure 1 2 a- point of metabolic divergence occurs ' ' \
- at the level of glyoxylate, which can- nartlcipate in elther |

of two condensing reactions: malate synthase (Nong and Ajl

B 1956) joins glyoxylate and acetyl —Coh to- give. rise to L—malate-'

“ glyoxylate carbollgase (actually a lyase, recommended name:

.etartronic semialdehyde synthase 4.1. 1. 47) catalyzes the

conversion of two molecules of glyoxylate to . tartronic e



, Tfﬁsemleldehyde (TSAJ and CO2 (Krakow and Barkulls, 1956)'t ﬁiufj'”\

‘_dfThe latter reaction is the first steo 1p the "glycerate
unﬁtﬂpathway“ a series of reactions that results in the synthes1s

“5@_;‘of 3-phosphoglycerate from glyoxylate (Ko*nberg and Elsden,

1961) Glyokylate carbolzgase requires magnesium ions and

'fej‘thlamlne pyrophosphate (TPD) for maximal activ1ty (Krakow
‘;Tand Barkulls, 1956). The'enzyme has been pur;fied from \_i"Gj
‘\i‘E. c011 grown in glycolate (Krakow et al., 1961' Gupta and o

'_Vennesland 1964) and 1dentif1ed in’ Pseudomonas grOWn on: |

o Tglycolate (Kornberg and Gotto, 1961)

>

”"_ﬁ-{ The next enzyme in the slycerate patbway 18 the RNTRS
;5dhtartron1c semlaldehyde reductase which catalyzes the

,reductlon of: TSA to D—glycerate with concomltant oxldatlon R

"o reauced NAD or NADP (Gotto and Kornberg, 1961a, 1961b)

*s'D—Glycerate thus forme 1s phosphorylated v;a a. vlycerate

;:klnase to yield elther 2— .or 3—phosphoglycerate (Kornberg
- Emd Gotto). 1961). ‘ “ |

BN

’p‘ C B
‘The dlvergent condensatlon reactions have fostered

a dlvergence of V1ews regardlng their role 1n the oxidation ;'°’

fof glyoxylate.‘ According to one proposal (Eansen and Hayashl
- 1962; Ornston and,Ornston, 1969) (Figvl 3 a) glyoxylate is
converted to acetyl—CoA via 3—phosphoglycerate (S-ﬁGA) and
'3ils oxidlzed via the TCA cycle. Malate synthase replenishes

.; those 1ntermed1ates of the TCA cycle that are used for

o



i{a}‘ﬁf g?ﬂ: glyoxylate
' carbollgase _j

\/

-’ GLYOXYLATE ‘ __>  3-PHOSPHO-
N % " GLyceRATE

erTRarE -

BLA

| SUCCINATE

P avoxvrate " _Seeed P o3 L—— - 3-BHOSPEO-
s o oo T . glycerate

'dkALoACETATE s

‘pnospaozuonpwnnvnma 9%

‘DCA

Role of the" trzcarboxyllc acid eycle La) and the
dlcarboxyllc acld cycle tb} An the metabollsm of

:'.J glyoxylate.(ﬂrom Ornston and Ornston 1969).

.~¢—fvﬁ%7—-_f_;h;;_;".}, e



;ﬂr_;;biosynthe51s and hence ‘may- be termed an anaplerotic enzyme. :i

v -

Another viewpolnt (qunberg andSadler, 1061) is that

finstead the" dlcarboxyllc ac;d cycle performs uhe otidation

o ,and the glycerate pathway performs an anaplerotlc function =

~3'(Fig. 1 J b).

The flrst enzyme of the glycerate pathWay, gloxyiate:7 L\.ff

's-f carbollgase 18 also formed by E. Coll and other organisms

PR

- ?~fwhen glyotylate 1s added to cultures growlng on other

_ arbon sources,_and in Acetobacter the. formatlon of thls o

enzyme may even be 1nduced throush overproductlon of
 'glyoxylate 1nside the cell if 1soc¢trate lyase is. very |
"actlve (Kornberg, 1966) ?‘L- g gAﬂf"‘J . 'f‘-‘l‘r‘ :f"'“

o The synthes;s of malate synthase G (See sectlon

fl 1. 1. A) appears to ‘be 1nduced directly by glycolate Whlch

h may be formed by a constmtutive glyoxylate reductase 1n

'glyoxylate or acetate—grown oells (Ornston and Ornston,

;_19697.“

- — e

i The glycerate pathway has been found- to operate in

“.extracts of Pseudomonas (A) grown with glycine as sole

,carbon source (CalLely and Dagley, 1959, Dagley, gg al.,
A‘1961), in extracts of Pseudomonas oxalaticus ‘grown in

.'5oxa1ate (Qnayle and Keech 1959, 1960 1961), and in

'f he TCA ofhle is not essential for the oxldatlon of glycdlate,;5



.\

- ¥

' Nakada and Welnhouse, 1953, Nakada et al 1955) suggestéﬁ

- that glyoxylate when present in physiological amounts

! : N . . . ) S “ - . - . -
. - -t 5 N ' B . ' . LN .

extracts of Streptococcus allanticus wrown in allantoin

: .-medlum (Valentlne et a1.,.1962 1064). In all of thpse'f?% *

orSanlsm slyoxylate 1s fo)med lnside the cell from the ? C

corresnonding carbon source present in the grown medlum.-.*f;

. « .
i . . e

The nres@nce of TSA reductase hae been reported 1n ‘gg.fnj;

several enterobacterla grown 1n D—glucarate (Blumental and‘ E :‘l;
Fish, 1963, Qrudgill and Wldons, 1966),? -iQ;;[;,{,HfV"“‘ .
'1_ The operatlon of the glycerate pathway has not heen ﬁ-ﬂ”.'f

demonstrated in eukaryotlc cells, althoush glyoxylate

carbollgase was reported ln the green algae (Gloeomonae3”

sp. (Badour and Waygood 19?1). 7V~;‘~}«,Jﬂ;? -f*ﬂ f;l'.:“off

‘..l.'l 2 B. Condensation" \'f:fi.th' _ketoglutarate. T

. Prellmlnary studles on-glyoxylate metabollsm on .

mammallan systems (Welnhouse and Frledmann,'l951, 1952; 7. R

was.metabollzed gplncipally to’ formate and 002. Later it
was reported’(Nakada and Sund 1958) that the addition of
L—glutamate enhanced the oxidatlve decarboxylation of’
glyoxylate by rat llver homogenates and extracts of o
mitochondria and N—formylglutamate was the intermedlate _ :a t)

T formed,- Crawhall and Watts (1962) studied the: metabolism of

Lo v LI



.

'glyoxylate by rat and human 1iver mitochondria 1n the‘ '

':ﬁ .presence of L-glutamate._ They failed to demonstrate"

L . N formylglucamate as an intermediate and were able to account

. for all the glyoxylate metabolized by oecarboxylation .,‘«[]
'-.foxidation to oxalate and amination to glycine._ Furthermore
:7¥L-g1utamate could Ye replaced by drketoglutarate.:ane,f"

',mechaniSm of.this synergistic decarhoxylation of glyoxylate

narlier, Franke and Jilse (1961) tentatively identified

~

;drketo—@-hydroxyadipate as..an- 1ntermediate in the conden- j;,'

sation between 51yoxyhate and quetoglutarate in Aspergillus ;f"'

niger.— USing similar techniques, Okuyama et al., (1965)

fdemonstrated an. analogous reaction with extracts of

RhodOpseudOmonas SEhGrOldES. Later several investigators

‘ (Koch anc Stokstad 1965, Stewart and Qnayle 190?,

-'Schlossberg et al., 1968) demonstrated the occurrence of

- a Similar system.in rat 11ver mitochondria, pig 1iver

'~

'mitochondria and a particulate fraction from beef heart.

" and ol:uyama ét al., (1965). HKA then decar‘ooxylates to

"ﬂfand arketoglutarate was not establisbed in these studies.f‘ff?;‘

These investigators demonstrated that glyoxylate and l! L

—-.._....»._._.,

-,:drketoglutarate undeggo an initial condensation to yield
'd.hydroxyee—ketoadipate (HKA) rather than d;keto @—hydrox—
'yadioate as claimed earlier by Franke and Jilge (1961)

J-hydroxylevulinic acid(HLA) in the presence of acid (Fig 1 4)

L

| ¥

20
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L o(—ketoglutarate L giyquylﬁteﬂ d-hydroxyﬁ-ﬁ—keto- |
T N ad:.p:.c ac:.d (HKA)

cao— cooaz‘.

é-hydroxylevulmlc ac:.d . - .

(m) h , GOOH =,

,(3 -d:.hydroxy-j -keto-
p:.mel:.c acid- -

 (aKeA)

.'E"igut'e 1.4: Products of d—ketoglutarate -glyoxylate .

carbol:.gase reactlon.‘ (From Schlossberg et al. ,19‘70}
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‘as d; @-dihydroxyhg—ketopimellc acld (HKPA) (Schlossberg

'”“l,et al., 1970)..

The enzyme drketoglutarate glyoxylate carholigase

In addition to BLA ‘a second minor product h:;\beeh=identifiedeo S

(actually a lyase recommended name..dphydroxy @-ketoadlpate ~flﬁ-"

synthase) has been purlfled from rat liver mltochondria

and requlres magnesmum and TPP for maxlmal aotlvity (Koch

and Stockstad 1966) from beef—heart mitochondria (Schloss- '?:5-2

“berg et al., 19?0) pig-ilver mtochondrla (Stewart and '

Quayle, 196?) Mycobacterlum takeo (Moriyama and Yui 1966)

S E. coli (Yamasakl and Morlyama, 19?Oa) and ﬂgcobacterium

e N
 phl ed (Yamasakl and“Mor:.yama, 1971)

. drKetoglutarate°'glyoxylate carbollgase vas found

' not only in’ the m;tochondrla but’ also in the soluble

fractlon of human liver cells (Koch et al., 1967).

| Although the nature of the reactlon wasrecognized N
to be ‘a carboligase reaction between drketoglutarate and .'
glyoxylate it was not clear whether it. was catalyzed by
.an 1ndependent enzyme esneciflc fOr this reaction.,

Experiments with purified enzymes from beef heart (Schoss—‘

berg et al., 1970), rat 1iver and’ R. spheroides (Saito et al.i‘

1971) and E. ooli (Kuba51k et al., 1972) strongly support ?
he view that the enzyme with carboligase activity 18
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-identlcal w1th the drketoglutarate dehydrogenase complex. ff:
a‘*In plant mltochondria the carbollgase act:vzty may be an
B ‘1nherent property of pyruvate or<i-ketoglutarate oxidase S
'ﬁ-{(Daries and Kenworthy, 1970).‘

' It is not clear whether the enzyme in the soluble RO |

.or it 15 1dent1oa1 W1th drketoglutarate decarboxylase }gf

“;(sectlon 1. 3) 1nvolved i’ the arketoglutarate dehydrogenase

B

complex.__

e

The drketoglutarate dehydrogenase complex prepared

ffromépig heart also catalyzed the carbolagase reaction -
';between.drketoglutarate and some other aldehydes (Table 1.2)
2‘:Aldehydes in turn, inhlbited theti-ketoglutarate dehydrogenase
dact1v1ty as measured hy the reduction of NAD (Salto et al., ‘

etabollte of ethanol yields 5-hydroxy-g—ketohexan01c

acidaand has been reported by Bloom and Westerfeld (1966)

cooa—ca?_-czaa-c-cooa + CHB',QHO . —>
_ . 0 OH
L ) cooa-caa—caa-c-cn-cn3 + c:o‘2 |

23

'fliver fraotaon (Koch et al., 196?) is a speci*ic carboligase fL;”" )

[Py

"1971) The condensatlon of'drketoglutarate and acetaldehyde '.i-
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Reaction system. . - . O 14(-':'0 -foméd'_ (pmoles)™s

| -I- Ferra.cyanlde (20 Jn,:.mol.tas) \\ O 0 975 IR \ - -
+. Glyoxylate (10)u.moles) (. -.. : .‘3 20 '. S .
. o;‘-l- Formaldehyde (10 ,umoles) ST s ‘.{:“'°~55° B ; L

RS Acetaldehyde (10 ,moles} L Coilsz
G + Succ:m:.c sem‘*.tﬂehyde (J.Oymoles) ZIO.-z'o;')'_V L
-"i"abiev 1.2: 14C02 formatlon from d.-{l “C} ketoglutarate by %
h d—ketoglutar;t"e dehydrogenase complex.'rhe standard L.
T ‘c..\' - reaction m:.xture conta:.ned in a final volume of < T
=3 &‘ 100}:.moles of phospha.te buffer (pH 7.0), )
10 p.moles ofd -(1-14C) ketoglutarate,s,u moles of - . <
s ".Mg 012,0 Sy.moles of TPP,30 mg.of bovine sexrum
A albumin,and 0.67 mg . prBt@p of thewd-ketoglutaratek L
dehydrogenase oomplex. Incubat:.on were carr:Led R
L out for 30 min. Thls reaction system measures
R ol the u—ketoglutarate decarboxyi‘ase ac'lsa.va.ty of -
p . L " the’ a—ketoglutarate ehydrogenase co X.
ST (From Saito, et al., .,

~
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The hiological significance of the carboligase is~~

‘{feunknOan A cyclic mechanism was pr0posed (Okuyama et al.,.

'"éahfthe complete oxidation of one mole of clyoxylate to two ”‘.ﬁ¢‘ -

o 1965)‘Kawasaki et al., 196_“Vinvolving drketo—@hhydroxyadipate o

.;and.drketcglutarate.- The effect ogf one turn of the cycle is

5ohfmoles 05%355 and one. of water.‘ The cycle could account ‘

.\G{f for" the catabolism of glyoxylate in rat liver mitochondria ftﬁ .
‘rf?(Kawasggi et - al., 1966).-dq_‘§xcobacterium takeo where ..

: fisocitFate lyase but not malate synthase was detected the-

”o‘drketoglutarate. glyoxylate condensation may serve a bio-‘fj

-

"_-synthetic function (Moriyama and Yui, 1966). .

Lo

The’ effect ofdrketoglutarate. glyoxylate carboligase
':_actiVity on porphyrin synthesis has been studied (Yamasaki
and Moriyama, 19?Ob) It was found that when extracts of

”'Mycohacterium pheilwere 1ncubated With the substrate and

\

'.cofactors for the carholigase actiVity a remarkable ;
N .
inhibition of phorphyrin synthesis occurred. It was

: fsugsested that the carholigase actiVity might be playing

" an important role for the: regulation of porphyrin synthe51s '
from J;aminolevulinic ac1d (ALA) by produc1ns ELA which may
:? inhibit ALA dehydratase competitively as;does 1evu1inic . }
r_acid. On-the other hand formation of aspartate, glutamate,‘
" and ALA was observed when HLA was incubated with sonicated
' rat 1iver mitochondria (Wang et al., 1970).- Formation of



i’ifstudled in- tissues of patients w1th primary hyperoxaluria
‘.=;~ﬁ(Koch et al., 196?) a: Eenetlc disorder of r'13roxy'lette ::§.§

f-these oroducts sug;ests that HLA way be converted to 'l':?inl
'tfdrketoblutarate and ALA via: 3 S—dloxovalerate.' In vivo .
-foxidatlon of l£+C HLA tolhco has also, ‘been shown in: ‘the P
",.-jrat (ufang st al., (1970), A o

d:Ketoglutarate glyoxylate carboligase act1v1ty was

;g_ i

'f,*metabollsm«characterized by increased urlnary excretlon ”f

‘;.ﬂof oxalate, glycolate and glyoxylate (sectlon l l 4).

-:Cytoolasmlc extracts showed a szgnlflcantly lower activ1ty L

-;<of this enzyme than dld control tlssues suggestlns that

thlS condensa ti6n may be of physmologlcal-e;gnlflcance SR
U'the metabollsm of glyoxylate by animal tlssues.

o

1 1 2 C. Condensation w1th oyruvate.

. A condensatlon reactlon hetween pyruvate and. glyoxylate
“‘tyields two products, Qne of these was 1dent1f1ed as acetol
:‘:and was presumably formed by a nonenzymatlc decarboxylation
._Of the J.nitn.al product of the react:.on, d—hydroxy—@—keto ‘
I'butyric acid. The second was identlfied as o @-dihydroxy— -

ketovaleric acld.. “The - reaction was.reported to be catalyzed

L by the pyruvate decarboxylase component of the pyruvate

: dehydrogenase complex of E. coli (Kubasik st al., 1972)

]: (Fig' ;i}7.
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'Pigure 1.5,f Products of pyruvate glyoxylate condensatlon

reactlon.‘(From Kuba31k et al.,1972).;



Both~the drketoglutarate dehydrogenase and the pyruvate.‘
dehydrogenase complexes are thiamlne—contalcing enzymes‘;f,..'

”  capable of reacting with r*lyo:cy‘,l.a.te ane both reactions

o represent potential pathways for the normal mecabollsm “

”:T the pyruvate as compared w1th the quetoslutarate

' of 5lyor}late.: The ease wmth whlch TPP 1s removed from '

dehydrogenase complex and ‘the concomitant defect in é?fii*x”  ‘
glyoxylate metabollsm during thiamine deficlency (Lmang,Filf;;
1962) sugbest a maaor role for the pyrurate reaction. f L
HOWever, in mammallan tlssues the reaction of- glyoxylate

- w1th pyruvate is much slower than 1ts reaction wmth  _
drketoglutarate aha 1t is not yet clear whlch reactlon is

more 1mportant 1n preventlng hyperoxalurla (Kuba51k et al.,'

” 19?2). R B _ez. : '.f -\;;

}r,; 3. “'Okidatiom to fdrmAte.aﬁa'coéc‘

Intact rats oxldlzed glyoxylate to coa (Welnhouse'
and Frledmann, 1951) amd formate productlon.was observed ' _
| from the Ca of glyoxylate (We:.nhouse and Friedmann, 1952).' . ‘
In vltro experiments with various llver preparations also. L

have shown formation of formate from the 82 of. glyoxylate
| (Nadada and Weinhouse, 1953)- Later on studles of .
glycine catabolism in rat 1iver Nakada et al., (1955)

suggested that glyoxylate was in intermediary of glycmne

T TR E S S L



~TfSund (1958) showed that a partially purlfied preparatlon

29
D SR SR TR S

'5catabolism to }1eld formate and CO2

Trylng to characterlze the enzyme system Nakada and

jtlsolated from rat lmver mltochonoria catalyzed che oxidativeff-*jr'

'f‘ﬁfdecarboxylatlon of Qlyoxylate.: The eystem required NAD

‘ 5fr3TPP L-glutamate and MnC12 to achieve maximal rates of

"jwere unable to detect N—formylglutamate as an’ 1ntermed1ate

‘ﬁ;{decarboxylatlon., The product of these oxidatlve decarboxyl-fj.
‘ atlon were CO2 and N formylglutamate.] It was sugsested thatj
1\ formylglutamate was hydrolyzed to formate ano glutamate. .
:DesPlte 81m11arities to the nrev1ous reactlon usmng rat o

"and hnman 11ver mitochondrla Cramhall anu Wat .S (1962)

| or as a’ product of the reactlon and further found that .
7$drketoglutarate was more effective 1n promotlng thL reactlon o

chan L—glutamate. The nature of thls synerglstic decarboxyl-.‘u

- atlon ofslyoxylate was not known. (Presumably 1t was

1oentical wlth that of11-ketoglutarate glyoxylate carboligase
:secclon 1.1.2. B) Furthz studies on formate proauction in-

mammallan tissues have ni t been described. .

In plant cissues the oxidation of glyoxylate by
hydrogen peroxide yields formate and 002 Hydrogen .
'peroxide is generated mainly by the oxidation of glycolate_ﬁ,
to glyoxylate in the.- peroxisomes (Zelltch and Ochoa, 1953;



‘""5:“in an - atmosphere containing oxygen (Zelitch 1973)

'ff‘]is not yet clear thich series of reactions maa function )

30
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'Lealllweli and Butt 1974)-ior it may “be. generated in the_;'F

L chloroplasts in the presence of li*lt and manganous ions.

aﬂpjin photoreSUiration.“ In this last process SOM of the net

:ﬂ‘Cbé assimilated during ohotosynthesis by leaves of many
f'fspecies.may be released in a 1ight-dependent oxidation “'“t

| *(Zelitch 1966) This CO2 arises mainly from the carboxyl :
igroup of glyorylate, 1itt1e is*released from the<i—carbon u:“;f.l

- atom. Against the peroxisomal series of reactions is that

'f'the hydrogen.perOXide may be decomposed by the.great excess

"‘:of catalase actively present in these organelles (for review

"Arisee Zelitcn 1972) or the finding that the. formate, derived

‘ particioation of this oxidation in. photorespiration.

© fronm c-2 of rr1yoxylate, can be further oxidized to CO2
“p(Leeks and ‘Butt, 1972) by the peroxidatic action of

g catalase (Halliwell 197#) The release of CO2 frOm both
"carbon atoms ‘of glyoxylate arsues against a smgnificant |
-.However, although most of the hydrogen peroxide was destroyed ‘

.‘_by catalase, enoufh escaped decomposition to allow s;;niﬂicant |

rates of nonenzymatic glyoxylate decarboxglation, and also

s catalase has been found to be converted inmo an inactive ) ' -

form unuer COnditions of continuous hydrog%n peroxide

: 'generation (Ealliwell and Butt 1974) The activity of
_ . ) . =



'-i*ductase) catalyzee both the converSLOn of’blycolate to

LoN

—_—
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catalase in leaf peroxisomesfln vitro and 1n vivo may thus

.

\;ﬁ;lqglyoxylatac_:fﬁ"

1 1 q. xidation to oxalate.-?

The conversion o
“catalyzed by three En‘,mes slycollc ac1d otidase\

ni.xan*hlne oxldase ?‘ lactic acad dehydrogenase (LDH)T3.i.

Gly°°11° acid oxidase (Slchlate oxygen oxldore-.fif'”-“ '

.‘T“t glyoxy1ate and of glyoxylate to oxalater the latter belng

: a funcclonally 1rreversible step. Thls enzyme lS 1nh1b1ted

(RS by oxalate thus p0551bly prov1dang a regulatory mechanism
' z‘through product 1nh1b1t10n (Rlchardson and molbert L 1961).
: Xanthane oxidase (Ratner et al.,(l9h4) Nakada and Weinhouse,_

_ 195;) ‘plays only a- mlnor role 1n the overall proouctlon of

| oxalate. Thls is supborted by'the obeervatlon that patlents '

'w1th xanthinurla and those treated with xanthlne oxidase

_ inhibitors (allopurinol) excrete normal amounts of oxalate T

| (Gibbs and Watts, 1966)._ Lactate dehydrogenase (LDH) can .
.brzeg about the revers;ble conversion of glyoxylate to o
.glycolate although the equilibrlum 1ies far in favonr of o
glycolate. LDH can also catalyze the formation of oxalate

"from glyoxylate (Sawaki et al., 1966) ~Evidence has been - °

e

”: be 1neuff1c1ent to orevent the attack bv neroxade on ;'ﬁ;f-i‘ -

slyoxYlate to oxalate may be ?;;7-73"

3l

5
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B preaertoa tha* LD“hhas a-m*gor role 'rcatalyziﬁéf;hé

.;'weaculon 1n bovn.llver apc neart ulS ues. ‘“be LAD-

ijlﬂdeuenaent oviua o Sw a l zed oy xanuhlne 0\1&&56 and

T*lvcolaue otlaagu"in-ghe li ™ are relatlvelv unimnoryaqt aﬂd

;the) here not de»ect d'in thc neart (ulbbs and watts, 1073)

_ Cxalaue,,an end—prﬂuuct 01 metab071sm, 1s no“mally
.étéreted ln hgﬁan urlne.' Its maln iﬂ*ecmaxe precursors inl
'”iman ana otner man:s als are “-ascorbate anc v}ﬁoxylate eachlg‘
r;'accounulﬂ‘ for sllghtly less unan one-half the total endoéenousﬁl.

*}productlon (for reV1ew see Hagler and erman, 19(3)

L '”he assoc;atlon of owalaue ulth human dlsease is ef
5;-conswderable 1mporuance. Two-thlrds af all kluney s»enes

(3 ordln ana oagklnson, 1967) and over three-fourths of enaemlc

"fbladder stones contaln calcxum oxalate (Gerskoff et al., 1963)

‘_~Oxalaue excretlo" is ﬂncreased ln four coﬁaltions in’ man"

‘Prlmary hyperOxalurla type 1. (glycolmc ac1dur1a) prlmary
thype»oxalurla type ll (L—glyceric acldurza) pyrlqoxlne deflClency
'and certaln 1ntest1nal alsorders wlt“ dlmlplsned reabsorptlon

of ;1yc1ne—con3ubated blle salts (dllllam and Smith, 1972)

‘ nterlc hyneroxalurla‘fesponds to. taurlne; ?yrlcoxlne
dezlclencv hyneroxalurla (bresumable-secondary to dix lnlShed
bransamlnatlon of glyoyylate 90 glyclne) respo 1ds to vltamln
‘replécement. At the nresent tine tnere is no method - for_
ﬁcontror of excess oxalate synthe51s anc excretlon irp the tvo.
”?orms of genetlc hyperoxaluria, glycol*c aclduria and L—glycerlc

ac1dur1a (O'Keeffe et al., 19?3)
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;5-:;f Sevewal llnea‘o ‘Vidence 'mVE Suggeste‘ t at ctcess'

' [T

oxalaue synthes;s 1n prlmary hyperoxalurla results frcm a

blOCJ 1m he meoabollsm of lyoxy‘ate. (l‘ 1 creasea urlnarv

{frc\cretlon of pxafa»e, rlycolate anu "lyQtylaue occurs

%ifj(roewaaas et e 19650 “2) . 1“c-=1yozy1ate aumlnlSuE“EQ

. BN ‘ -

”?ruruvcnously e%nlults an 1ncreased converszon to glgcolate
s

hnd owala -VA 51h11ar 1"creased converslon o¢'.qC—glycolate

to owala‘e occurs (preéumably vla lyoleate) (ﬁoc'aday eu &l\\y

5‘. 1064) (;) "he *ate of metabollsr of £+C—ffl"oacylate anu

ltlk“ glycolate to 140 COa 1s redacea ( ocaaday et al., 19645g'
(4) 'ﬁhé-meuabollsm of asorhlc ac1d anouher oxalate ﬁrec rco

“ls normal 1h byne*owalurla (Atkins et al., l965}.}.rrom

in WlVO lncorperaulon stuules it was c0nclhcea uhat tke

w~,

s

A

I‘

-t

de;ect nrobably was 1n phe enzymatlc conversion of rlyoyylate

3to rlyc1ne hoc aday et ai., 1¢ 65) In recent studles;
hre -
‘however,, né such defect of elther slutamate or. alanine-

Flyoxélate amlnotransferase 1n llver or.xldney could be"ﬂ

found (Mlllmams anc Smlth 19?2), 1n conurast to a
;_arenorted uefect 1n 5lyc1ne synthe51s from glyoxyl é in::f »

autopsy kldney spec1mens 1n prlmary hyperoxalurla T norued

by others (Deen et al.; 1966) .

- . - . . + . . Toent

"'h .

2



M'Jecarbollgase has been found in cytonlasmic prenaratlons

RTINS L i NS
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ore recent‘y, Low act1v1t} of.d_xeto*lu fate‘flyexylate‘f N

Cof 11ver, snleen and mldney of flve patients vith nrimarv N
- S

'hyneroxaluvla.=Witochondr1al actlvitles of the enzyme were ;Sﬁﬁﬁ#

e‘not unlformly requcec (hoch et al.,lQa?) Crawhal and

- ﬁtﬂ'vatts (1062) also found thb syner&istic decarboxylation

.jof glyoxylate and arietoglutaraee to be | normal 1n hepatlc

A-mltochon&ria from three patlents‘w1th primary hyperoxalurla-~ fﬁ; o

_Lhese 1nvest15ators dld not study cytoplasmlc fractlons.
- J

'e-th was suggestea that cytoplasmic drke%oglutarate glyoxylate

'fcarbollgase may be a~ act1v1ty selectlvely reduceé ln

‘Fprlmary hyneroxalurle (Koch et al.,l967)-j

Q~" | e
'1 1 5 ,Transaminatlon reactlons. S

'felyoxylate may undergo amlnatlon or~uransam1natlon-

to glyc1ne (Melnhouse and - Friedman,1951, kakada and

:einhouse 1953) The activities with ornlthlne, glutamine o

and asparagmne have a-l been’ purlfled (Melster 1954,
Nelster and “raser 1954 Meister et al.,1952) The
glutam;ne transaminase is functlonally 1rrever51ble but

the asnaraglne enzyme has been shown to. be reversible and_

>,
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' 1noludes r"].,\,c::.ne amons the amino *rotp ddnors.,fTheegluta-f-‘

mate glyoxylate aminotransferase from rat llver (Nakada,;'

"~{ 1964) irreversibly transfers the_amlno group from L-glutamater:ef -

ﬂ1 have also been studled (Thompson and Rlchardson, l967).:h: e fi

to glyoxylate, and 1t has been reported to be 1ocalized in
llver peroxisomes (Vador ano ;olbert 1970)., The alanine

glyorylate am;notransferase and ornithine'q-oxoélutarate Q;an_f;

?‘7if amlnotransferase whlch also has actrvmtb t°Ward sly°xylate"di‘d

alanlne glyoxylate amlnotransferase was completely 1rrever-.;

slble under all experlmental conditlons 1n favor of glyc1ne

formatlong_ About 80% of the actmvzty was recovered from

he mltochondraal fractlon of’ rat llver ane the remaining e

act1v1ty wlth the cytosol fractlon (Rowell et al., 19?2).. f':; -

\

- - .
-

Glyoxylate transamlnase actlvity has also been
reported in plant tissugs (Sinha and COSS1n, 1965, WllSOn ‘f‘?-
et al., I954) in algae (Dord and Marrett 1970) and in- : '
bacteria: (Tsulki and Klkuchl 1962) Reversibllity studies

in hlgher plant tlssues have shown that the glyoxlate _.,{.» S

' transamlnase systems favors glyc1ne synthesis in-vmtro'.

(00551n apd Sinha, I965) Several amino group donors were

studied and among then alanlne and glutamlc acld were the

.; more - effective.- Although the glyoxylate transamlnase“'

.actlvity has been.reported to ve localized in the cytoplasmic B
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A

in. leaf peroxlsOmes (Klsakl and Tolbert 1969)

'fraculon of plant tlssues (Cossmn and Slnha, 1065) be

5lutanate glyoxylate tnansammnase has béen found located

Non—enzymatmc transamlnatlan betueen vlycine and

glyoxylate occurs at pH 7 o and 3?° (Flemlng and Crosbie,

L 1960 LOfd énd Nerret 1970).. The - equibmbrium of the ff'gﬂ'f‘”"'

N reactlon was completely dependent on coordlnaulon-complex

forq?ulon ‘as lndlcated by the Cu ? qatalysis ana the _ h f |

2 1nh1bit10n by ethjienedlamlnetetraacetate (EDTA) (Flemlng
A and Crosble, 1960) l_,fu_ SRR :,if;'=¢-_;;,j?r-*-"

1 l 6. Reductlon to glycolate._f" “ig.'i.
‘Three enzymes hawe been reported to catal;ze the

reductlon of Flyoxylate to glycolate and hydroxypyruvate "

L to glycerate, namely, D-glyceraxe dehydrogenase glyoxylate Ch

reductase, anu 1actate dehydrogenase. S

The mammallan D-glyceraue dehydrogenase catalyzes |
the reduction of hydroxypyruvaue to glycerate v1tn elunef -
' NADE or NADPH as cofactors “and ‘has no activmty towards Lo - i_.!
pyruvate (Willls ‘and Sallach 1962 Dawkins and chkens,, :f T

" 1965). A simllar plant dehydrogenase exhlblts a. high j 1; ;f i

‘degree of specific1ty toward LADH and waé at least k,fold

-~
-~

| more active Wlth hydroxpyruvate than with glyoxyléte ani_/{?‘ ..

- . ) I < e L. .



"'~1nact1vc v1th nyruvate (atafford at al.,l?fh,.,-

o reduced hydroxynvruvate to glycerate d nvruvate to 1actatei{}

-

"; “he \ Dh—élwoxylate “ech*ase found 11 hlgher nlants B

"%;‘(aelitch 1955; 105;3 was at least 2.3~ fold more. active

V,leuhkglyoxylate than with hydrotyny*uvaue and inactlve Wlth

.nyruvatc. A simllar enzyme 1solated fromgrat 11ver per-'

. oxlsomes catalyzed the reduction of glyoxylate to glycolate.

‘ mhls glyoxylate reductase actlvity utllizeu NﬂDh and also

"f‘(Vandor and.molbert lO?O). NADPF-glyoxyla e reductasa from _ ‘;
g lants also has aeen renorted (Zelitch and Gotto 1962) R
:lTth enzyme reacted only slowly with hyd*oxynv*uvate and

.\,

i no reactlon ‘was observed wlth nyruvaue. ‘j*‘l*tﬂf“"”‘ ;1};1;.
_ Lactate dehydrogenase catalyzes the reversmble 1n~er- ".
conyer51on of r-‘lyoxylad:e and glycolate,a’f%hough ‘

'bhe equlllbrium lies far in- favour of glycolate (Sauakl

et al.,1966). It is lnteresting £ note that lactate -

,-dehydrogenase acts on hydroxypyruvate as effectively as on-_f

'.“pyruvate Dawklns and chkens 1005) the nroduct of the

i

, react on belng L—glycerate.‘ _- '_(;#/I

' Section 1. a.- sdﬁRczs'OF GLYOXYLATE T MAMHMALLAN EISSUES- :
e sources of glyoxylate ln mammalman t'ssues are

not compleuely.known, but glycine is. probably the maaor .
o g - 4
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source (“1g. 1. 6) : Stud1es on- the converszon of glvclne.
.Jddto oxalate 1n normal and hyperoxaluric subjects have beenj:‘"
..Hdone wmth "lyc1ne labeled in the Cl pos1t10n (Crauhall
” Qet al., 1059) ano conver51onhof lycine to oxalate via-
'fglyoxylate was assumed. rt‘he operatzon of uhe al ernatlseff;cdﬁ
":tmetabollc pathway v1a serlne and. ethanolamlne (F;g._l 6) |
2ilwas also demonstrated bv comparing the 13C-enr1chment of :°""
,:¢ the urlnary oxalate when (1-190) glycine and (2-130)
._ ?glycine were slven to a'patient wmth primary hyoeroxaluria
‘”d(Dean.et.al 1968). 'f'-\w”}L';_,d?' v ' '
i ;i  o Clyc1ne can be converted dlrectly to glyoxylate by _“
."oxldatlve deamlnat;on catalyzed\by glycine oxldase orlginally :
;':l-descrlbed in mammallan llver and kidney preparatlons by :
:f'Ratner et’ al., (1944).' Glyclne oxldase 1s probably 1dent1ca1

L T

- with D-amlno ac1d oxldase. d,
' 'G:Lyclne + o2 + H 0 -——-—> Glyoxylate + \m3 + Haoz

Although in cheory glyczne mlght also be converted
C o to glyoxyla e by transaminatlon in mosc of ‘the. cases 80.
- ‘far descrlbed the equillbrium of the reactlon 11es far

in the directlon of glxcine syntheszs (section 1.1. 5)

o

Glycolate is both a precursor and a product of.
glyoxylate. The only metabolic fate establiShed for

'glycolate is its oxidatlon to glyoxylate. This oxidation;

R oy L]



f: 15 catalyzed by rl)colate oxldase | ‘lavoproteln oresent‘
1in nlantﬁq anlmals and mlcroorganlsms (Zelith ane 0choa,ff; o
':‘.1953 'Kun et al., 195+) In mammals ‘the only khown precursor 3,‘
rzof ‘lycolate other than glyoxylate (SeCtan 1. l 6) 18 B
_glycolaldehyde (I\un et al.; 1054) wnich ma? be der:.ved

- fégh ethanolamlne ‘via the glyclne-serine patnway (Dean

fet al.; 1968) Glycolaldeﬁ}de also exlsts as an enzyme- q"‘i

'-'bound 1ntermed1ate in the transketolaSe reacelon of the

‘“nehtose-ﬁhosphate pathway. rr'he oxldatlon of lycolaldehyde FEN

- f

',to hlycolate 1s catalyzed by both aldehyde oxldase and

"-dehydrog“nases. The oxadatlon of ethylene glycol to

"oxalate orobably occurs by way of glycolaldehyde ana .“t.fiv:”'
fglycolate (Vllllams and Smlth 1972). - SRR f:,' |

In addltlon to glyclne and rlycolate <x—ket01j--

.’hydroxy blueqrate is- an 1mmed1ate precursor of 5lyoxylate '-;:_ S

"‘(sectlon 1. 1 1 c). The former is formed b transamlnatlon

‘between J—hydroxyglutamate and drketoglutarate (Kuratomi

: et al., 1963). Gurrent ev1dence does not suggest that

,_hydroxyproline is an important precursor of glyoxyl%te .

and therefore of oxalate (Williams and Smlth 1972) ‘but

"'it seems . that the contrlbutlon of hydroxyprollne to urinary
' oxalate may be both age and sex—dependent and requlres

further study before its prec1se contribution can be
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_appreciated (Hasler‘@ncherman,_1973).

- :
e

- v

" “Section 1.3:. :d;iKL‘,”OGLﬁTLL.RA'T‘E‘DEHYD%@GBNRSE'@DMELEX.‘ R

- have been isolated as multienzyme systems wlth molecular . '\;

.7 GENERAL Iwommxor N

:nzyme systems that catalyze a coenzyme A- and

. dinhosphopyriulne nucleotlde—llnked owldatlve decarboxy-l

';latlon of pyruvate and apketoglutarate (reactlon l)

-

:_-"_j:_acocoaﬂ + CoAS’-I & NAD —-—-a RCO-—SCoA + co2 + zmov + H Ryet)

-

\

_‘;welghts of several mllllon from pigebn breast muscle '
‘:(Jagannaltah and Schweet 1952 Schweet et al., 1952) pig
‘heart muscle (Sanad1 et al., 1952 anakawa ‘et al., 1964)

\ ana E c011 (K01ke et al», 1960)

. S - . . \
s " . )

Two classes of complexes have been obtalned one

specifzc for pyruvate the other forwa-ketoglutarate.

‘_drﬂetoglutarate dehydrosenase complex has: also been

purified from boyine ! kidney (Linn.et al., 1972) from

Ac:.netobacter 1woffi (Parker an'a “Ie:.tzman, 1973) and from.-.'

caullflower flowerets (Wedding and Black 1971)

”he E. coli arketoglutarate dehydrogenase complex

-,
. .o .
. . . -
. . * . . .
.o : . -
N "I ’
N . . !
.
[ G B

41



5_has been,segarated lnuO three enzymes (Wukheraee et al.;,:”f_
'N:K2Zl1965) drketoglutarate uecarboxylase dlhydrollpoy |
-"'transsucc:mylase ana a flavoprotea.n dlh)'drolipoyl dem;d—
”Pﬁjfrogenase.y The comnlex has been recons»ituued from ‘the,
’ :1sclat€n enzymes. The E..coli pyruvate dehydroéenase
‘icemplex also. has Been.separated into. three enzymes, :f:&fl;.
Jfanalogous to those ObualHEd from the arke»ovlutaraté‘flﬁrﬂ” K

"f:dehydrogenase complex ana 1t too has becn reassembled

' Tq;from the 1solated enaymes Ckoike et’ al., 1963)

T oL

'35 mhe reactions catalyzed oy the various componenUSfi~*“
 5éré:,“ o L " | .

L . _.,‘. .‘w i

. ‘hOOQTF%a'CHZ*?’COOH'* yl‘TPP = nlgTPP-CH~ChZ—Ch2-COOH4-COZ

N . "‘..."»-' L . H '_..“

A -NH-CO-($H2)4 o

2000

L P T P ¥ T
A _Hoocf_(caz)afcq_ - N
: Succinyl-Co'A% . CO"ASE
- 2-1\71{—(30-(01%2) /. N

g b
o : A . : H Sh
3-F.Q.DH2 1 ’ + E3 FAD '

o .,Z-I'H-co (CHZ 4 -f— (\
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-  31, th <i—ketoulutarate aeceraoxylase diso caeal -zes the
Tf]ntransfer of the succ;qalderydate 5roup to thc secoqa

i-“rotein of uhe complex, transsuCCinylase, with a resultantf~r'

: goxiqation to ’orm a suCCinyl wroup.¢fmbe decarooxylase

"7:18 occasmonally beirg referred to as a dehsdrobenase.”f:._73‘

draa is tne dehydrolipoate transsucc1nylase and B3 the
':ﬁdihydrolxpoate dehydrOPenase. r‘}ﬁﬁl R - -fe-iﬂﬁ‘f;::i

L

. sec t‘;;dh”:.-_.,_q.;’._. TETRABTHENA AS AN EXPERTHENTAL: CRGANISH

l 4 1. General co_SLderations.\..,‘.

The ciliate ietrahxgena Exriformis is certainly o o

_not representative of all protozoa but it may be con51dered

4

‘representative of the 6 Q00 speCies of c1liates that have

‘.’been described (Hill 19?2). Tetrahymena has been studied

'far more than any other ciliate and uheir contribution to"-
'f' .scienu1fic knowledge is Significant. ihe Ciliate has

'-'been used in studies ranging from baSic biology tp cancerf

: research (hill 19?2) A primarj reason for the success

'of Tetrahymena as an experimental subject -is that.it is a‘."

‘eukaryote which can he grown in large quantitles on

R bacteria—free media including defined media.

43
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QrOm the 1nfo“matlon qnown about Tetranvmena a

“ :disputed nolnt is wbetner the e organnsms are plants or

#;anlmals (}olz, 1966).; There are. strong arguments in  ;ﬂi-

H“ffavor of callin hem anlmals.. Under the microscope they

"'are seen to: be motlle ‘»o 1nﬂest ;00& and to Lave ho

-

‘."'

44

*ﬂ‘choroplasts._ ;hey have the same amlno ac L reqairements :_ffnf' o

T‘e.s man and rat (Kldder and Dewey, ;051) and the v1tam1n

L V*reoulrements.for all three are culpe simllar. Tetrahymena

:,:contalns, as do hlgher animals, 5lycogen as, 2 storage

"form of carbohyﬁrate (Ryley, 1952) which it breaks down “1

- anaeroblcally to 1actate (Warnock and vas Lys, 1962)
f”he blosynthesls of phosphatldyl serlne proceeds in a

- manner 51mllar to that in anxmals out not?to uhat in-

o bacter:.a (Denm.s and Kennedy, 1970) and the ri‘bonucle:.c -

acid polymerase 1s szmllar to that of animal but n0u to.

;that of. bacterla. (Byfleld et al., 19?0) ‘The organlsm :i

: also possesses the caeecholamlnes norepmnephrine ggd

eplnephrlne (Janakide71 et al., 1966a),' serotonln (Jan- Jnl

a.k:.devi eu. al., 196613) and 3'5'-cAMP phosphod:.esterase
activity (Blum, 1970) However the physiological function

'of these substances pas nof been determzned., Tetrahymena

'3also contains hemoglobln (KEllin and Ryley, 1953) and



. cannot synthe51ze nhenylalanlne.‘“'

. Tetrahynena, ll&e plants nas an operaglve glyctylate.

'.,been found in plants. getrah}mena laC5s the urea cycLe ;ﬁ‘ﬁ

'j_enzymes (Deuey et al., 105?) and it‘recuired preformed f f?";” |

.” glyoxylate cycle. (sectlon . 1 l.A). The pre ence of
‘ glyoxylate oxidase actxv:ty in the nerowisJ;Z%

- for ' the subsequent catalytic Peroxidatlon (sectlon 1. 1. 3).,

45
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hosphorylarglnine as a phosphaﬁen (?obln and Viala,"

-‘c1966) and nelther substance i's found 1n plants.‘ }owever,

4,0 e

‘:‘Cycla (HogD anc Kor nnerg, 1903) and ccntalns a pentacycllc

o _1tr1terpen01d (Mallory et al., 196;) both of whlch have f}“ f‘c"Mu5""'

.-._ pyrimldlnes (hldder anc Dewey, 1951) The Organlsm can ‘ki . ”“;_j'f

\'.\

" "‘.',synthesa.ze ub:.qu:.nones ‘frOm sh:Lkimate (Iﬁ.ller, 196&%

. . . ..‘,':.
%a C .
R R

| 1-‘4'-2--.. Gi.ycs:-s«iat.e.-metamism in Pevrabymens -

vt .
~ . T - [

: The slyoxylate metabollsm in Tetrahymena has been oo

| Scudled fundamentally in relatlon tc its relatlcn to the

nrov1des

an alternatlve pathway for the glyoxylate fcrmed by

. 1soc1trate 1yase (Vuller et al., 1968). It was suggested

that 1f the reactlon leaas to formate and COa, then the‘

- particles have abllity to oxidize the 2—carbon fragment AU 1!.

'formed from isocitrate, since fo*mate is a good substrate

*
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";.Howevéf,.ég v1vo studles have shown that the ra»xo of

f{'; CO2 prouuced from (1- *C) glybxylate to that procuced

;_from(a-?-‘*c) glyoxylate vas 2.1 (Blum, 10?2) - This su g;ested

.‘;;sine mobonhosphate (ALP) caused a markec inhlba\;on of the

i oxiaatlon of 1abelled r'lypoxyiLau:e but 1t had llttle effect on’ '

\

"-:'E\xrthermore, acetate, and to a lesser degree 'oyruvate,' e

..ialso1nhlnltedtheox1datlon of 1abelled glyoxylate.,;itg'"

. was "ugbested that AMP and the nresence oi sub trate

_:'which nr?auced acetyl CoA 1nterferes wlth malate synthase LR

”‘act1v1ty or malate transfer from the neroxisomes to mlto- oo

'chondrla (Blum, 1972) The above studies suggest that

glypxylate may be mptabollzed in Tetrathena also by a

'route otheﬁ than’ that 1nvolving malate synthase. L
LA ' S ‘ T

L ' . o T .
:

e l1‘*"0‘2 productmon from labelled glucose aceoate or nyruvate. 7:"‘

T N
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-‘*1ﬁthat glyoxylate g@ﬁhmetabolnzed via glyox3late oxldase...g-'lg Tﬁ;"

T?‘On thé‘o»ner hana 'ft was founc that the nucleotide adeno- e



':3 were all frOm leco laboratorles.f Dotassium-permanﬂanate

"-anromotroplc acld sodlum sulphate (anhydrOus), ethyl - jlf'L‘

2" : MATERIALS AYD METHODS. =

O ' _‘-~-‘-- e

fg
+

Dot A . : T

SEC“IO\ 2 1 ' *AT&RIALS.:“'

-
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Tétrahymena pyrlformis, straih J was obtained?from57;if‘;f§1‘ar

the Culture Collectlon of Algae and Protozoa, Gambrldge

“nglaﬁd.- Proteose-neptone yeast extract and tniogl;colate: :‘

.“..

o acetate, potassfhm phosnhate ethylenedlamlne tetraacetlc .

. e

D;ethyl ethsr, thiourea, sucrose, ?rls buffer, and'mannitol

acld,ﬁolsodlum sa‘ (ADTA; and bther inorganlc reagents ’

- L]

' were purcnased from Fls er’ Sc1ent1f1c.‘_l,: e (45\ l"

were purchased from J._. Baker.' 2 4<Dln1trophenylhydra21ne
was from Eastman Kodak Co.‘ Amlno aclds,if—amznolevullnlc
acld fhiamlne pyronhosphate, glyoxylic acld as the sodium
salt 4—ammnoan1typyr1ne, adenlne nucleotldes, and guanlne

nucleotides were from Slgma Chemlcal'tb. :, <

L ( 140) glyoxylxc acld as. che sodlum sal#;x(z-lhc) glyoxylate

N

acid_as the sodlua)salt (1 140) glyoxy. JElc acid sodium salt,

N Pyamlne hydroxlde (1 Molar solutlon in. methanol) vere

purchased from Amersham/Searle. (2 140) glyclne, 2; q-dipheny-
loxazole (P.ﬂ), oé-(l Gll*) *B:atoglutarate from New England Nuclear.

-, - L] .
- . R . e : o . .

-
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L\, Section 2.2 MET no:os. L e s i
v o 2.2;1. General rethods_for ehe "rowth of - '
S . T~ N\ e T
; , Letrahymena. > ooy o
) r .—-.' ,

. nxrlformls was 1501ated by Lwoff in 192; and
‘l{thanks to the work of Dewey et q} (1950) can he grown

L 1n a defined medmum. mhe organlsm also cani

' undeflqed but axenlp medlum (Lwof+~

.‘}'

medlum that contalns bacterna as a ?ood sqyrce..e

'fffi.“cul ure medla used throughou thls Nork are\emther a,proteose—‘f-'

. |
*;peptone mealum or a deflned medlum. :
T - A)'l\lédla": ‘ o o ',“ R l. L ‘. o U

f( ) "Proteos -peptone medlum.

The me fum c0nta1ned per 100 ml of aqueous solutlon.

.fprOVeose-pentone,_; g; yeast extract O 1 g. The salutlon _

. was neutrallzed with dllute ammonlum hydroxld} flltered
| throuwh'Whatman NO ul fll»er and - papér~under vacuum and

; then autoclaved at 121 for 20~ 30 mlnutes 1n an ANSCO

_ autoclave. _ S

(ii) Synthetlc medla.-

P -
it
.-

he synthetlc medium described by Dewey et al. (1950)

L'but wlthout Tween 85 was usedr Stack solutlons of the
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' adeed to a. final concen»ratlon of O 25m. Iu thlS Thesms‘f =

L . . " .. . . Lo .- .
ot o] T oo .
e .o . . v .
o . g o . . s
T - ¢ A

components of the medium were prepared and stored under a .

layer of eoluene at b .? These componen were labelled

'ﬁ-':A B, c, D EF, q,h,l.f The uedlum contalned 3ﬂ Ly 2” C tO F

ﬂand O l I and wes heutrala.zed umth dllute aumanium .?J--”

;hydroxzde., It was autoclaved at 121 for 20-30 mlnutesz

aThe composztmon of the stock solutlens 15 biven on ma‘dle

~j‘2 l. _When required slucose was. sterlllzed separately anu

';”synthetic medlum" refers to .he mealum 1acn1ng acetate.,"

'~‘mhe 1atter ann #lucose uere ‘

d ‘as’. supplemeggs.;

-'
S
0‘

- (B) 'Malntenanceﬂof stock cultures.

Stock cultures Were crown in 5. il uroteose-peptone

.medlum contalned in- 15 ml screw—cap culture uUbES.

ipllcate transfers were made each week. All cultures

‘ were grown- at 25- lo in,an 1ncubator.

s

(e Parent cultures.i‘

~

from the stock cultures in/100 ml of proteose-peptone-

fmedlum contalned in 300 ml nepholoflasks.' These were

grown for 72 hours and then used to 1noculace the

yexperlmental cultures. This insured that the hlstory of

the inoculum was simllar for each experlment.

Parent cultures were started wzch a 2% 1noculum (v/v)

g
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S CD& Exnerlnental.cnltures.k_;“

_Jﬁxnerimental alltures were started w;»h a 2 ﬂ‘ji_ ',Hi;f;“ _

: o xlnoculum (v/v) from ?2 hours old parent cultures.;;;“ﬁff“iﬁi;fﬂﬁ‘:;f‘,'
. . .f_ S o TN U o
f (n) Sterllgglk _.ff f. T e ST el

_ ‘: Derledn.cally, the sterllity of tne gtragxmena ﬁﬁf*'"""
; cultures was cheched hy 1nocula~1ng 10 ml - thloglycolate '

. }medlum contalned 1n ;O ml screw—cam celture tubes., These :{f;'
"”_Hwere 1ncubated at ;7 .3 Tetrahymena cells do not surv1ve
lfat this temperature but contamlnaulnb bacterla would f' _
fthrlve.‘ Bacterlalcgrowtn would be detected v1sually after .
‘ -3 days oY tne apnearance of turbldlty. ' ;
. %.2;2. Preeeddfeffbr‘Ha&vesiing:cﬁltdfes of} _
. fv\ l_- T. pfrifofmis. ;' L ¥
The cells were harvested by centrlfugatlon at - - ; ;'.Vf"
!.2?Ox5 for 2 mlnutes in a refrlgerated Servallcertrlfuge o f 
. set. a 0° fter growth for about 50 hours at Whlch time. e B
:-the ce11s are_in the tran51tlonal mhase of frowth.' ,
S - 2. 2 3. Preparatlon ofcell extract '.- Con .' 71:': ‘ dd‘!

Cells were washed twice wlth ice-cold 0. 9 NaCl
.and.resuspended in 0.25 M sucrose. Cell dlsruptlon was,

T achieved either by sonicauins for ‘about 50 seconds in a

-

-



~

by

,‘BloSOnlc 111 ultrasonﬂc dlSlnte"raeor or by frec21ﬁr at

'--45 for 15 mln and thawlr* in the presehce of O 25 h_-afllfu

‘sucrose.; The completeness of ulsruntlon was routinely

s

‘cheched by view1ng under thc mlcroscone.

-'f‘ 2 2 4.\ Fractlonatlon methods.f"

Tg% methods utlllzed for the fractlonatlon of

‘fmetrahymena homogenates were those cescrlbed by “"er and

eiLlpmann(1958) wltn some mod1 1ca£lons (method A) and'

:Kobayashl (1965) (method B) Jfl:"}.,“

I-‘.[euhod A '.

The cells were collected (section 2 2 2 ) and WaShed fA‘ ;

' tulce w1th 1ce—cold dlstllled water. The washea cells
_'Cabout 5 g wet welght) were suspended 1n 50 ml of Q. 4 M.

_ sucrose solutlon contalnlng 0.1'M Trls FCl buffer, pH ? 5,

and O 005 M potassium chl;?Ibe and the suspensiou was left _7

in.: ice. for lO min to 1yse partlally. Thls preparatlon '

separated on centrlfugatlon for, 13 mzn at 18, OOOxg 1nto_

a well packed bottom layer, a fluffy 1ntermediate layer and |

a clear supernatant fluzd.e The supernatant fluld and the-

'1ntermed1ate layer were discarded and the pellet was homo~

genized in a glass homOgenizer wzth Teflon pestle of 15 ml

capac1ty in 0 25 M sucrose, 0. Ol M phospbate pH ? 0 and

S2°
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\K\ o

l m\ @-mercactoethapol (BMT) to c0nolete cellular ulSlP—

:.jtehratlon. Durinb homogenlzatlon the teupera.ure was meut
_néar OQ by holdlnf the homoaenlzer in an ice-water ui\ture,i
Ffl”he ﬁomogenate was ulluted R about 45 ml w1tn sucrose-"
phosohaue—Bue solutlon. Cell deorms ane nucle1 vere |
removed by centrlfugatlon at 500&5 for 5 mln._ The super— ‘[]ef_.'
‘;‘natant fluid Nlll be referred to as the “homogenate"
- For further ’ractlonatlon of=tne homocenate the sucrose“
| concentraulon uas ralsea to 0. 35 M by addln” O 8 M sucrose.

.

l On ceutrﬂfugallon at lZ OOOxg'for 15 mln the mltochondrlal

»

'?fractlon was, sedimentedr The turbla supernatant fluld wmll fﬁlj

'tbe-referred to as the “supernatant fractmon"’

The mltochoudrlal fractlon was washed thce withﬁ
"0 25 M sucrose and flnally suspended in about 3. ml of
'the sucrose—phosphate—BML solutlon.‘ All the fractlons

were keot at -20 untll assayed

x Hethod B

The cells were washed tw1ce with e.medium COntalning“;';.' ; 9
0735 mann:.tol 0.1 mi EDTA and.1 mit Tris. ECk, DE 7.2. "
.The ﬂasneo cells were susuended 1n the same medlum and.
‘homogenlzed.ac O° in a glass homoeen*zer with a tlghtly}'
s fittlu" leflon pestle. During this nrocedure the medium*
. was kept at p‘ 7.0 to 7.4 by, addzng 1 M KOH | Tue homo-
gpgenate was made up to h5 ml with the same. medium and was
immedlately centrlfuged at 10 OOOxE for 5 min._ Ther '

resulting sedlment consisted of two layers. The upper



(T

‘ 1ayer was whltls“—gray and of a Jelly llke consistenc«,
. 7wh11e thn bOttOm lajer was; yellowlqp4brown ana tlghtly

‘ﬁoacked.- The, mannltol medium was car ‘fy poured 1nto

T‘.l.the uube angcstlrreu gentl? to remove th'

”upper layer. Lh#S brocedure was reneate~

* The’. bottom layer ﬂthh_

Acells and éome c111a was

B .ZOOxg for 2 min.. rpb.e supernétan‘ g
.‘. rlfuged at 10 OOOxE for 5 mln to sedlnent the mltochondrlal
y partlcles. Tne 1atter were was~ec once WIVQ 50 ml of- the
“prenaratlon medlum ana uhen suspenued in aoout 1 ml of .
'O 02 M pcta551um phosphate, pH ? 0, containing 1 mMIB‘L.: 
f;All the fractlons were kept - at -20° unt11 assayea. e

A detalled ciscusszon on the nerits and drawbacks of

ﬁthe two. methods wzll be: presentedlln Chapter 3 -ﬂf

2 2. 5 mnzzge assgxs _ _
*2.2. 5 A. drKetoglutarate glyoxylate carb011

The enzyme catalyzes the follow1ng reaction'
.

o %

------
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*CC 2 S (1)
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]

(:34) decarboxylates.

._Ib

LA

'wheﬂ fU-lQC) "lJOYJlate was’ the . 1abcllea subst rate the L .

1‘eh2yme was absa«ed bJ‘lollou;“' eitner uke slo. docarbox*latnn“

in acxo ooolum or tro ;ast oecarboxylaulon in the ore ence of'

_aﬂP (moch and okstaa, 19 ) accorQﬂnb to react opma AAF

' is‘alwell-known catalyst :o,

*

'-@Lkefoecids‘(Seétidn‘3o5)§

£o reactmon l. U ;‘§--
. S E

Incubatlons vere carr;ed out ”or 60 min at 300 1n

‘e

a nltronen atmosphere in uarburo flasas 1n a ?1nal VOluwe
'of 2.0.1l. rrl'he maln compartment contalned
f-"‘ootassium nhosohate _pi 7.0 5 pmoles -gClZ,O 2‘nmoles
'Q.thlammoe oyroohoana te (ij) lemo1es quetoglutarate

‘and the eﬂzyme sou*ce. The'solutions vere 3reviously‘."

e deca*boxalaolon ofs

- When a.(l-;hc) ketoéla arate‘%as ﬁhe leoelled‘éubstraﬁe“ /

‘?e reacolon was, followed by measu‘r%.nc tbe 14002 accorolng

lOO pmoles"

:neutr zed., lhe reactlon was etarted after 10 min of

. o gasszng by ’t::!.ppin'r from one arm 2‘nmoles of 1abelled glyoxylate -1

© or unlabelled slyoxylate when.dr(l—lkc) ketoglutarate:" a .

e

o



A

was the 1abe11ed suos rate. AFrese incuoaclo“ coodztxons A

'-Wf‘wll“<oe referred to‘as "stanaard aseay conultlons'-ﬁ'The

3Lreactlon wa s stocoed b) adoin5 O 1. nl of 705 perchlorlc

f.ac1d (PCA‘ or a mitture of 0. 05 ml of 25 trlcnloroacetic

| ,acld (m A) and 0. 1 ml of 0 2 M AAP from the other smoe arm-_i K
"”*1.;14002 was trapped ln Iyamlne hydroxzde (O 06 ml or Q. 2 ol

‘jguhen, “her substrate concentratlons were used 1n methanol
ﬁon a flﬁer paper\ in tbe center well ourlng aooltlonal
‘60 mln when PCA was used or durlng an adcltloral JQ mir

'when chuAAP m:;tare was used. “he content of the center

','fwell was counted in 10 ml of sclntlllatlon soiutzon

_(ethanol toluene 3 ?, 0 4% ln 2 5 dlphenyloxazole (PPO)

LR Y

1n,a llquld sclntlllatxon counter w1ch cbannels~rat10

‘:,-standaralzatlon (sectlon 2. 2. 7 ). .

-

2 2 5. B. drKetoglutarate decarboxylase...

-~

. ﬁ dyKetoglutarate decarboxylase is a componert (El)
" of the drketoglutarate oehydrogenase complex’ (sectlon 1. 3)

in presence of notasszum ferrlcyanlde, the decarbaxylase

. component catalyzes the follow1ng reactlon-

o - 0 : R
- e Lo .. 1) — . _3 . . .-I'
OOG-CHa-C_ha-'C-COO‘ R ZF,'E(CN‘)G g +._H '20 ——-"-—’ L

OOC-—CHZ-CHB—COO + co‘2 + ZFe(C‘I)s + 24

The reaction can be followed spectrophotometrically |




‘‘‘‘‘‘‘‘‘‘

‘by neasurln the QCCLbaSe in absorbance a* 413 nm (uassey,

o 195‘) 2, 6 chhOroohenol-lndophenol may be used as ,He'f

' ;electrOn acceptor 1nstead o£ ferrlc anlde in ﬁhich case
.“the absorba“ce decrease aty 600 nm 15 ﬁeasured ;~Thebe f;f'"
'lsnectrOPhotometrlc netroas are satlsfactor} after tne _
f‘act1Ve mltochonarlal ’ractlon is separﬁted from th hououf“‘

‘genaee.. The reactlon rate Ul h the artaflcial acceptors

}~'uecreases :1th tlme and meanln ful assays are obtalned

fonly durlng the fl‘St 30 secon&s of the reactlon. ‘ThieT
"may explaln the nrev1ously unsuccessful ateemnts to dem—- -
'lonstrate arketooluearate dehydro&enase ac»;vzty 1n homo—

'Fafenates of Letrahymena (Muller et al., 1968) Thms~-

dlf;lpulty has been’ largely overcome in the manometrlc

' assay by uszng bovzne serum.albumln as. a orouectlve agent.

eapuruhermore this proceaure is appilcable at, all states 5f'~- 

”uurlficatlon 1nc1ud1ng the homogenate fraction (Sanad1

f
,and Ll» lefield 1952) Thls assay as moalfled by

Schlossb rg et al.,(l970) was chosen and is descrlbed below;

'_ Incubaulons were carried out fo1~ 30 min at ;O in .
an alr atmosphere in darburv flasks in a flnal volume of

2 ml. ’he maln compartment contalned 100 pmoles pot—

a551um phosphate, B 7 0 5 ummoles HgCla,O 5 umoles o f ﬂ‘“
‘neutralized TPP, 2 pimoles neutralized c(.—(l-l""C) ketoglutarate

57
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| ;:“"(about u,o ooo d. p . ) 20 mg- albumwn, pss §~>and \.he

‘u{enzymg source.- AFter a lO mln eaullibra*lon the reac+1on e

was started by th“I“S frov ong- arm- hupmoles of notassium
: yferrlc anlde and was s»opped by addn.nD O 1 ml of: ?o“'pcg

'from tne o'her arm. ‘“he lwcubatlon was cOntlnued ;or an

\\:adululﬂnal BO.mln. 14002 Wag'tra“PEd and countea as in: the'.“ t,ﬁ;f:”"‘

""carbollgase assay.¢3

Unlts o? cnz&me actlvltles were ce;lned as,umoles

' f'of“lhco llberaued ner hour at pO .'ul

. ,.‘_ ‘ -

e

.2,2.6-3 Dernanganate ox1uat10n of 2 u-dlnltro— -“;ik‘T'é: 

'x',ii‘?:_ phenylhydrazone of<d;;hc ketoglutarate.

In the presence of excess potasszum penmanganate in .
"fac1d medmum JNPH-drketoglutarate is oxldlzed to succlnate

and. 002 (‘{rebs, 19;8).-_

L R D sy 3e2- R
HOOCS—CH —caa-co COOE ¥ (0) ‘“'*—“Ilo-iz—g—e hOOC—CHa-uHa-COOH ” co2 |

‘? Thls uechnlque orl*lna_ly ESed for auantmflcatlonrof

'Tdeketoglutarate from blologﬁcal sources may be uulllzed N

"for ‘the determinatlon of the racloact1v1ty in the Cy. .

_ fcarboxylmc,ca;bon‘of uhe DPPH—quetoglutarate (Okuyama

et al. 1965) ' ' ' ' s
Procedure. DNPH derivat1ves of d-(l—lqc) or dr(5-14dL

Y LT n 4 .

-

P Y
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. ketoblu arate were “resarcd f:o~ the carreSpo“cuws acﬂc,

- chromatosrafed on paner, ettv cted anc'crled as described

: »ﬂ;n‘sectlon 2 2.9;

';,upff;f o tho cry 14C-D“PP derivatlves (abouc O 5 mr)

‘G;7'1 ng. of colc d-ketoblutarate der1Vat1ve vas added and

‘Q,'they were dlseolved 1c O 6 ml of 10 mﬂ haaco__. proﬂ this‘3°

?Isolutlon O 05 ml ‘was. coarted 1n oio—Solv contalnlng

"sclntlllation solutlon (sectl\c 2 2 ?) and O 5 ml was""

'_:transferred to Harburg flasks ang- o. 2 ml §0v 2504 was_d

L_ aaoed to the maln c0mpartment."mhe flasks were 1ncubated

-,at gO for 5 mln anc the reaction was started by tipcing

'::l 0. ml of {hn04 frOm the. two side-arms of *he flasks B

(0. 5 ml from ‘each arm) .. If tne nurple color of the per—='<

manganate alsaopeared before lO mln fresh 0\1d12135 agert

owas . aaced carerully throuuh the ventlrg plug. An adcltloral

‘u_lncubatlon of 60 mln was allowed for complete trapplcg of .

 -the 14002 llberated durlng the *eactlon. '\easuremencs of :

“the 4P0 was conducted as aescrzbed for the enzxme assays

': (sectlon 2 2 5) THe mlxture was flltered througt uhatmanraz

°1 fllter paper to. remove I*no2 formed in the reacclon and

the flltrate was: extracted w1th dlethyl ether for 48 hours'

" - dn'a Kutscher-Steudel extractor. The ethereal extract

whlch contained succlnate was transferred to. tubes and
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;,evaporated over c.O nl of water uncer a. seream of rltroren. ;
-~ . i . N -

‘ 5”he aqueous solutlon was evaporated uO C. 5 ml and applled

;.Zto chromauography paper .naiman N l._:“he solvent sxstem '

"~_'were cut; 1n l cm se*mene

.:ncon31sted of 95* ethyl alcohol water ammonla (S l 1 v/%)
(Joees et al., 105;) ' lhe chromatobrams were developed 1'~'f : R
'luby the ascendlng ﬂetboc for 6 “ours.l-mhe acrd mas vmsuallzed |

\1by spraylng wmth 0.0AV hr mophenol blue. The cvromatograms"'

-

land counted in 0. 4: PPO 1n toluene
} ‘.f FJTIﬂ c.:;,_,.!_Jn... - '.Jia?-q5:5
T h-» o .“""l ) ‘. E ‘—. .. o ‘_ l -_-. B .. ‘

Results' In Table 2. 2 the recovery of racloact1v1ty

'(sect;on 2 3. ?).7‘_ .

'*.from the DE kH-drkeuo-lutarate as 002 rs shown..fwhen the

“udrkeeoblutarate mas labellec 1n ere C 95 ?2 in one: assay
and 830 in ‘the ocher assay were recovered as 4002 and 10.
"-raoloaceLVLcy was detected as Succlnate. Jhen the label

'ﬂwas 1n posmtion 05 only 2% was’ obt alned in che l“co and

about 203 d.peoe (hEm) were recovered as su ate,

»

'Z.é.7; Sclntlllaelon solutions. Inst'ument. e _”;i;'
_ ' The followlng countlng solutions were used:
(a)' O.hm (w/v) 2, 5—d1phenyloxazole (PFO) in toluene. o o ':i.
(b) 0.4” PPO (w/v) ln etfanol toluene (3 7 v/v) _ LT | )
(c) O 4% PPO (w/v) in ‘toluene contalnlnb 10w BlO-SOlV BBS—3

(v/v) (Beckman Instruments). _ _
) S R jw;}f~ -

——
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"~7 ,oouegln was perfor ed 1n a Wuclear Cth&gO model

‘ at u I“ some etperrments th «ec<wan se-159 counter

o m

Isocao BOO llqu

.'.

f

&d sc1nt111ation apoaratus, refrlgerated :

was utlllzed.i oommerc1a1 quencheo standards (Amersham/

\'.

:'2;2;3;A Aeasurement of ACO,.f,7

-

e
Voo et
i

. T‘obtalned in the assay of tne carbollgase are as ?ollows

(1) nrec1p1tatlon of the_ 4C0 as B 4co~ and countlnr 1n':

H

oounte* (Crawnail and Va_ts 1962 Sa;to et al., 19

e/é

Davies andkﬁen;?rehy, 19?0 Schlossberg et al., 1908

Ohuyama et ai., 1965) (11) measun;n5 0; the traope?

radloactlve COa by llquld scintlllatlcn countlnh (Koch

“;and Stokstad, 1966 Yamasakl ‘and horlyama 1070 Steward

ano Qg;yie 1967, Sehlossberg et al

procedure is, rather tedious and not
e

%ments 1nvolving measurements of'a

In the second E\ethod »e.lkad.:.—soaked

ally utlllzed to- trap the 4002 an

;1970) mhe f;rst

convenlent for exper-,

e~

L)

cOunting 1s periordhd

) 1n a dioxane csantiﬂg solution. however, no iniprmatlon .

' iF Liven by he users on.measures <

iQ‘the Te ntlng solutions.

o) av01d cqer&luminescenoe

o
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eat number of samoles. !

1t er ape; is gener- S

e .
Searle) were useo to establlsh th qnenoh corrcctlon ourve. .

.‘&ﬁ ;

corvent;pnal oelber—vueller counter or proportlonig .;¥r.f*
1
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The renorteo methods for uhe eselmatlon of COa _.a-s;q Vo
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e . - ‘+_J__. R : ‘1,'f""g“" |
‘f;: It is well Knovs t*at alkallag ecioﬁ is *semtialrf'
for thc chemilunlneégfnce reactlon 1n stapdard sclnclllatlon
solutlons (ﬂalbhen, 100?, 19?u) Thls 1—e:.aul‘c.s ih sourlgﬁe
counus unrelatgd to the racloactiv;ty of the sam@le,_'hlch
,lf”in‘ can be eTlmlnated by*dark adaptatlon of the samples or by
. the add;tmon of ac;dyco neucrallae thc baglcity of the‘f:h“;ffﬁ’
couwtlna solutlon._ Chemllumlnescence 1s bealeved to bc':“““
'  due to organlc oerOYides that may react in. an alkallne j;,  vo7‘
| medlum to produce cmL581on of llgnt‘(Gunderrann, 1068)

and is me“e pronounced at hlohcr uemperacures (halohen,

.

(ﬂ'J.,LQS?); In contrast to dloxane vhlch 1s notorious for che
Tormaclonwof oerov des on c0ntact WLtb alr, toluene—babed-
sciptmllatlon solucldﬁs generally contaln.much 1ess |

)f - "‘oerox1des and should be preierred w1th ba81c solubillzérs'_
& such as KOh hyamlne and hCS (trade mark for’ a soluﬂlon of
X- ‘a quaternary ammonlum base alssolved 4n toluene Amersham/

I §carle) (Kalbhen, 1970) . ;'2".

For . the foreEOlnb reasons the methoa of ﬁobayashi ST

and faudsley (1969) whlch utlllzes »oluene—based

o T-f sclntillauion solution was chosen, w1th some modlficacions,.'

and 1s descrlbed be! ow.‘.

- /i" o Descrlptioﬂ of the method. L

V.T 14002 produced in a Warburg flask was;trﬁp ed:
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Jln u.06 ml o} lyamﬂne hyorotlde (l o} 1:aolution 1n metranol)

on Jhatman N. 5 fllter paoer (7 x'l5 mm) placed An Lbe iv‘”-"'
ircenter well. The cootents of the certer vell ”cre'
Kﬁtransferred uO a polyethy{ene vmal and mahlmum trapsfer l;ilf f;
Liwas eneurec oY waSﬂlng the well wlth ogall Eprtlons of ‘ |
" ﬁSQlﬂul11aulOn eolutlon u51ng a- Pasteur oipette (total

1

‘ml) “The final volume in. the vlals yBS lO ml. ‘Theufﬁl'

r'4
clﬂ@ qoluclon cdntalneHchhéhol (section 2 2. 7).

‘-‘fﬂl.‘: ?ellabllmty of t*C:C)..,--t.raq::*.:r.ing arc countlng technlques

IR 'wf:mo test the rcllubllluj of the tracolpg ané. countlﬁg
' techﬁloues nortlons of a. 2 mi Nai*lL*CC3 were ninetted 1nto"”
'.tae ~main compartment ol narburg flasks. Jater was - adoea
to brln» the total volume to 2 .0 ml.‘ Sciphurlc ac1c
(0. 2 ml 6 1) was adoed from the SLde-arm and the evolved
1400 was traoped as descrmbed aﬁove. After shak;nr for

- l hour at 300 the contents of the center well were

+

transfer ed %o countlrr vlals and courted in a llOle o

scintillatlon apparatus at 40 (sectzon 2.2. 7)

-

Hyamine bycroﬁide (traJ% name for l M o-(ullaobutyl-
cresoyyethoxyetbyl) dimethyl—benzyl—ammonlum hxdrox1de in ”:
methanol) is d high molecular weight ouacernaryb amine. i / ' ‘
Passman et al., (1956) were ‘the first to use thlS substence o

' in collecting l+CO fdr 11quid scintillatlon coun»ino
&

- H
e - } . e, L]



| 2- 1. A stralcbt llne relatlonshlp between the quantlcy of

| _ . ‘ uE R e
‘ becauSe the ca‘HOnace.lorwcd is eol ble ~tcluene, . Lo

',“ovever, bccause.che c0unt1n¢ eolnclon descrl“ed ov £o§=.7

- L . *

ayashl cOntains etnanol the 11f Lence of he lat er. ont'

. =

ouvtmr“'eff1c1ency was also studled. Thus in one serles f‘fffulﬂ Sl

0‘.

"of etperlments ec anol toluene (3: ? v/v) 301nc111at10n

-

fmlxtures were orepared., All tac a says were done 1n"'
“v.dupllcate._ Tne v1als wl the the samnles vere allowed to ﬁi]'=;)fa5f,
Astand at. ‘room: uemperature in che dark fo; 1 nour and vere e
'counted alter coollng for at least 4) mlrutes. Thew thc f-*f{“
1als were ag aln alloned co stand for, 15 hourslat room ;'..- t.. %;f
~tea eracure in the oark and after coollnw-were counted .

".'az_,aln.' | Both thc externa} standard and chaqnele rat:.o ' S :

FE

' me ;ods were used to calculate the ccuntlng effmcmency. B 5',

v

R T

R Pesults. U o "ﬁ O I
. . ' N N - .‘ ‘ ~ - - . . .- . - .. . . | X
- -_' The most rel*able councing was observed vnen et?anol ’

iuas oresent in the countlnf solutlon as snown in :_gure

1“00 llberated and the observed counting rate was obta ned
2.

-

Wﬂlcr closely corresnonded to: tqe theoretlcally expected
' counts. As is. evident :Ln F:.gure 2.1 the channels ra‘c:.o R ‘

method yielded a stralbnt 11ne much closer,to the theoretl— _ :
- ‘ < -lE
cal line: than the external standard method dld. Therefore,: : -

the former-method was considered toabe mcre rellable..‘ n

. %
» . -

L ]
Ca



0 Figure 2.1 1
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Elgure 2 l-'

“-acontaxged the indicated volum

gNaH CO (234 810 d:p»m.fml)
eﬂof mel Sulphurlc ac1d (0. 2 o
‘-added from the sxde arm.Incubatlons were R
‘ ‘;carrled out for So,mln The central well
. contained fllter paper lmpregnated wltﬁ

Effect of count;ng solutlon and of. the,;;y o
o

. method ofvstandardxzatxon on. the estlmation‘.
}‘of the: tréﬁped Coz.The main. c0mpartment

. cof 2 mM’

14 ! q a;tetal-

rGN) WB.S T

0. 06 ml of Hyamlne hydroxlde The contentsf
. of the central well were transferred 1nto

.cbuntlng solutlons contalnlng ethanol

_ (+ 'ethanol). or'w1thout ethanol (= ethanol), L'
; and counted after 15 hours of. standlng 1n
;fthe dark at room temperature,w1th-the R

channels ratlo method (C. R.) or the

' ﬂt;external standard ratio method (E.S.R.).

The calculated,theoretlcal d.p:.m. from N
14

_the amount of NaH" CO3 are represented
"by the dashed line. : :

* T -."‘.‘. -
. . -
-
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K
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:{the absence ef eehanol the cfflciency calculetea by the

eexeernal standard ueunod vas, abnorma1ly hi*h thus resultinﬂ"“

o in abnormally low correcued d p M. (?15.2 l able 2 p)

1 -Lne Iow re—lstered d p m. qenerally obtalneu ln the 73f

l}aosence of ethanol was due to the low soluhlllty of the

"7.Hyam1ne carbouate in voluene, As shown in Table 2 q,,,

9,.5N of »he radloactLVLty was in SOluthn when ethanol

as-nreaept and only 1% 1n its absence, after th paner ».

_wae renoved frOn uhe v1al. o »'fg .fuﬁhk R

& ' )
The effic1enc1es obtaiﬁ%d 1n‘»hb nresence and absence*f

- of et.hanol are @hovm :.n Ta‘ole 2 B‘ n the \gresence of

- euhanol ubout 750 efflcxency was obtalnea vhen the channels

1'-att:.e net hod was used and about ?O 554 'uhen the exbernal

~,'standard ratlo method was usea., Iﬂ the-absence of ethanol :

a varlable and 1ess than 50p efflclency was obtalned with

tne channels ratlo meehod. ' )

.

,'mo chemilumlnescence coyid be aetected after 1 bour

. .of standlng in the dark &t room emperaeure, sznce a 1oneer*

'perlod (15 hours) did ndl result in a decrease in the

countlng rate.

. 1In summary, under our exnerimental c0nd1tions‘

Iyamine hydroxlde -and filter naper were effectlve in

—
L
i
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.eCountingi

.solution -

d. P‘m°

_'with_tne" ) without the:3 :;reieased from-the

L]
.~ .

*

-

; ﬁ”ﬁtﬁano;‘

“+ Ethanol <

B filterLnaﬁefffiiterfpaper'"'filter.paper.%:

68;585 . 65,397 .. ' 95.5

© 46,609 ‘}.'.-9453_'-‘- - 1.0

P Y Tl

Table 2.4+ Solublllty o@ Hyhmlne carbonate ln the countlng

r

'the counti

solutlons.

wvials and the solut;ons counted

{
..again with the channels ratio method The countlng

' yvials used were those contalnlng 0.3 ml of

'NaHl4c03 from Fig. 2.1.

. £ilter papers were taken out from .



;\.‘.‘ : .

EA

‘foi et anol ln_*hc cou tlnu eoluuion w

‘o“tlmal solucml »y o-.uhe caroona»e

“gthe channels ra 10 ‘ d 1“or tha co tidn. f quencnlng

‘:nroved bo be powe re l;aale ;$tanding ,f- }t v1al 1n tne_‘
fdark at room teﬂperature ;or l hour and counulng at 1ow

"'tempcr«ture were adopuea as rou‘%rb to oxclude txe possi-

N \
' i

'an 1ater experldcnta O 2 dl of ~yam1ne was useu.:.T,lq
-1ncrea e in. ”"aMLHG dld no* re%ul ' chCﬂllumlnescencc  '3
‘-aﬁuﬂ*Ve effwcxency was ?3 (gx. : ‘:ﬁ_‘g” :.

2.2. . Rreparatlon of J-hydroxylevullnlc acid (HLA).

. *

A

':nLA is not avallable from cOmmerclal séurcés.;
'Deamxnatzon of 5-am1nqlevu11nlc ac1c by 11uroué ac1d Vluh
‘the ;orma»*ov of é-hydroxylevulinlc acwd as. descrlbed by
?Schlossberg et al (1968) Wltn sowe modlflcatlons, was

-

‘used ’or 1ts preparaulon.

kahoa (5 “, 1. O ml) was. added dropwise over a perlod
of 10-min to 100 mg of JFamlnolevullnlc acid (lau mg of
 the hydrochlo ide) alssolved in 5 ml- of 1 X PZSOA) The 
solution was allowed to stan&‘at room tempe*ature for

25 m*n and was then immersed in: bomlinﬂ uater for 5 min.

'urapﬂln £ e~CDé iLberatec Fro._the'réactiam; The, pr bevce'i

luf cf chcmllunlnedcence 1r»e“fer1ng wztn _qe céuntlng.A..

71
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72 A
‘ 4
. .l . ’ ‘ \\\
< T 3 T .
! N .}‘ = ~ L ~ .
- LR P Ty T - ‘
- RN . _-\'¥ S e e
dxccss ﬁltrous ‘acid. wao TCﬂJVGd b3 t*an ?ev“lng *hne " _ ‘-Q'fn_
ST 2
C ‘rolutlon to a rOuna*bot»omed ’Iask auulhu ZO ml of O 25 Y o
RER “2 Qy angd f;aeh—ev noratirq at 53° to about 12-*1. Thls o ,
't s0lut1on, dliUqu and ncutraﬂ&wea waq passed tnrough _'?-‘ﬁ{'"”“ *
o ’-jcolumn (20 ﬁO nm) packed Wlun powex SWN-\S ( form, - ]r :‘*L"ﬂﬁ
- clOO—ZOO mesh) mhe co’umn*was washed-wlt q‘ tllled water ;r‘;, SR
,‘*anc the fl*st OO ml werc cb ectec; conce trated ln é‘EIask{}fg e
. 'l 'v - . N ‘
R oVaporator to abﬂut u ml anu basgea.»hrouzh 2 column o S
o (10 x 160 mn) pa?ked Wlu“ Douex AG l-nlO décetaue form,~'".f‘?‘ L

.10u—20ﬁ‘mesh) The colunn wa .flrst vassea wmtk 2rbﬁ1;  .}L_TZ.; o
'water ana bnen eln ed wlth & concentraulon gradlenu,df'  ff(ﬁ‘:. ¢3;::-'

.{QaCE»lc ac1d f*Om 0~to 0 5 N at a fﬂow rate of 15.6 ml/hour, ﬁ{f:'ﬂ,
,{'5 ‘"raculons o- ;!2 qere collectec and O 2. ml gllquots." |

. were tested rlth the perlouaue-chrOmotroplc ac1d method Lo
Ny 'y L

A peak was obtalned 1n tubes 35 through 44 *
T . . ,

) ‘yerlouqtercnromotroplc acxd metnoa for the . -
; ' deuermlnawlon of HLA 'f;' - ?_ ' A 7‘;;.'&:
¥ - This precedure was GEacrlbed by r‘r:.se:].'I and McKenzie |

3(1958) for the determlnation of serlne and it was used for ..
e _‘.-the determlnatlon of HLA by Schlossberg et al-, (1968) L 'j-. !l
_The standardlzatlcn procedure uslnw serlne as suandard is |
. descrlbed below..; o ﬂf‘,‘ L ' : : o T
T '“"". ' . . .
' ! L Az
N



o pmo“ea/ml\ Nore traraferred to 10 ml uoluwetrlc stasks

fe.e 1. 5 ml of 052 “.PhOQPHBUG buffer, DK 7 O and water

"of se”lne ran ea bet"een l and 5meoles._ After adulns‘.f

:'uO the ex act acld enc—901nt of‘the in dlcaeor. One ml of .ff.‘.¢

acid meth d.-.hgq,re 2 2 shows the. standard cu,rves obtained

' ..Li). O\ldazlov-of sering’ vO foeﬁalaenyde. Coet

leferen+ allQUﬂuS of a uolutlan of” Seri 1 (1u-u_f  ff(Ti-:

were @‘e uo a ;lnal voluﬂe of ; ml. "“he *lnal amount 7,1= SRV A
AP ) . _

:1 drop of me‘hyl rea »o ehe aolutien lO of TCA was:  f f;¢ f‘5_f"ﬁ-f

1ﬁetted cropw1se to mahe tpe SOluulOﬂ 511 ntly ba51c to
t?e lnulcator (yellow color) One ml Oa 0. 075 ﬂ~\a104 L e

' o
wWas then auaed ana after 5 mln TCA was 1ntrocuced aropulse ¢

[

LY

gy a4 sy

107 NarSO-.was next 'added and tne vokume was nrougnt to‘

10 ml Wlth ulst11lec water.;

-
*

» e

(11) Determlnatlon of formalcehyde.

One ml of-»he above solutlon wak‘eransferved to
-fest tubes, 10 ml of chronotr0n1c ac;a reagent was added
and the colo* was developed by heatlné in a b0111ng natee-‘
‘bath fOr 30 mwn. After ebe soluuzons were. cocled to room S
temperature,.l O ml of thiourea aolutlon was. aaded t: | fe' S Y

each tube to reduce to a mlnlmum a red color contrlbuted S .}

' by uhe reagents._ The aosorbancy was ﬂeasured at 570 nm in.‘

n snectrophotometer. ﬁnown £ormaldehyde solutions

(l 22wpmo es/ml) also were analyzed wlth the cnrowotropic
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-

0-2
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Standard cu
formaldehyde by the’ chromotroplc giidmethéd,'
'leferent amounts of a formaldehy

03

O 4
- P MOLES OF SERINE OR FORMALDEHYDE

— 05 ..

L]

rvééf;hf the—estimation'of'ﬁ ,

solution

(1 22;Lmoles/ml) were . assayed w1th

! éhromotroplc ac;d reagent (o-o-o—) dlfferents'

amounts - of a serine 501utlon were ox;dlzed
‘with NaIO4,and theP the formaldehyde :

dete:mihed_(n-ngn

v R

Ry

-

. o o
" o '
. .
.
.

.

}L_aSYdescrlbed in the text."-
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wif'h-‘fs'érine-' and formaldebyde. The two straight limes '

practlcally cozncided.*___f

‘_ 2 2 lO.; Preparation of dinztronhenylhydrazone
| derlvatife. L': ';=:'1§#”"'\‘ - "y '
d‘;‘ rr‘ht—: reaction nroduct of djﬁbgoslutarate glyoxylate
(**‘_ carbollcase was 1uent1fled as the dlnltrophenylhydrazone

'.i;‘fderlvatlve (DTPH derivatlve)

The usual methods (for revmew see Kun ana Garcia |
"-,ffhernandez, 105?) for the preparatlon and further R
:ﬁldentiflcatlon of DNPH derlvaclves are not adeQuate 1n t&e‘
('case of HLA the product of the carbollgase reactlon and
o ;of subsequent ac1d1f1cat10n Csectlon 2.2. 5). These _f- -.‘A
methq‘s utillze extractlon of the DNPH derlvatlves from .
pfthe organlc phase Wwith 1 O'M Naacos. However, the

) recovery of some derlvatlves 15 1rcomplete, especzally 1n

"cto vallne 1euc1ne and 1soleuc1ne (Kamano et al., 1962)
'¥Dagly et al. (1961) have reported the lack of extractlon '
‘1n Na2003 of the DNPH—tartronzc semlaldehyde, Wthh is a’
,-bls derivative (osazone) Prellmlnary experlments have
BN _shown that the DNPH-HLA was.goorly extracted when this

f.ﬂ ' procedure was applled.- -

R Isolation of the DNPH—HLA for further 1dentificationn."

-

o
‘.-‘."-’,‘

- 'V!} _‘.“_

. the case of the 1ess polar keto acids as those correspondlng.u
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”:J;b} paner cnroma*ograph} fron thc “eactlon miwture nas

";been accomplished by ether ettraction ln a nutscher-'-

’

‘l'Steudel extractor (Koch and Stokstad _ 966 Kocq et al.,

‘tlfIGG?) whlch 1s not practlcal when several samples must

ﬁelbe processea; nxtractlon of che derrvatlves from tne.'f.'“:;f'rlk'?';y
Hi;reactlon mlxture wmth ethyl acetste ano subseouent o

Hzfanpllcatlon on paner for chrOmatosraphy without ree\traction iﬂ flf-';
;fln an aqueous phase ‘has also been renorted (Davres ana-ff“‘ -

"'Kenworthy, 1970}-h ThlS procedure resnlts 1n der1Vat1ves

- ;w1th 2 hlgh degree of contamlnatlon w1th excess reagent

*(Z,A—DNDH) and 1ts decomposrtlon products. In nrellmlnary
PN

‘-experlments such extraction resultea in- poor chromotoérams.‘m

. 4
'~or these reasons the aoove procedures were dxscarde&

“he replacement of the oxygen atom of a. carbonyl
group by the residue _NNHC6H5 is: attended wit h an 1ncrease :

Cin moleculqr WElSht and cansequent decrease in solubilrty.,

) Hence,‘an alaehyde or a ketone often can be nrecrpltated

“‘from a dllute solutlon as the phenylhydrazone (?1eser and
'Fleser, 1961) Derlvatlves of still aecreased solubllity
are obtalned with 2 k-dinitrophenylhydrazlnes._ Therefore

D a method based on- these properties was chosen. mhe metbod

'.'utllzzed by Dagely et al.,(l961) with, some modrflcacions,

'was used in our experlments and is descrlbed below.'



:7_The crystals were collected af er coolidg in ice for
.:-‘-__-h:aolin (to aid the nrecipitacion of’ cr-ystals) washed

”«,;by inverSion. }mhe precmpitate ‘was; extracted from the

Tk .
T

2 2. 10 A. Preparacion of DePP derivatives. '°$fﬁ'
After the enzymatic reaction had been carried out

“r2 5 ml of O 2% ,4— NPH reagent was added to the reaction :

7';ﬁmixtures directly dr after eeproteinization Wlth PCA. ‘-’“

':The mixtures were «ept at room emperature overnight.‘ .

' laoout 20 min, by centrlfugaui‘ 1n the presence ef 0. 5 g .

' once Jlbh cold 2 N HCl and twice w1tn water, and drained

.kaolin paste three times Wlth 5 ml ethyl acetace.' The
- _ethyl acetate solution was . dried witn anhydrous Vaeso
N and evaporated to dryness under NZ at’ abou¥;§5 .- his.
; _'procedure was quantitative for, the bis @’é!%:atives but not :

for the mono derivatives, ‘and will be referred to as

““crystal extraction“ ) " In SOme experiments where quantitative : -

L

- determinatiOn of the hydrazone ofckaetoglutarate was
required the remaining aqueOus solution and - the HCl
washings were extracted once more and the procedure w1ll

'b'be referred to as "total extraction"

The DNPH derivatives can be identified by paper '%£ .
'chrOmatography, a procedure that -has been Widely used '

~ for the derivatives of oxaloacetate,¢x—ketoglutarate and '

’ [

A ] 2

PP PP
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- ’ . : .. . . ' : . : 1 -

__;L‘thmbson 1953) '

.l.

"
PPN

. i
\ ."

. . . . L

-

pyruvate (Cavallini et-al.} 19u9a; 19@:333;, Hawary and =

- ’ T ‘l:"‘.'.‘ K
2 2 lO 3. Chromatobraphy of the DNFP cerivaulves.

The dry resmaue contan.,nlnu ‘the DEPH. derivatlves was

dlssolved in O 5 ml of ethyl acetate and- apvlied to. Whatman

: Nol filter naper. In some~cases.it was mecessary
awply 0.1-0.2 ml. fror development. two solvent systems
were employed. The first system,mas etranol water (83 17
* %/v) on paper ahxch had been previously impregnated with
6‘1 ¥ pﬁtassium phosprate buffer, pH 7.3, and éubseaueﬁtly
- drled for 12 hours at room temperature (Kun and Carcma-
. hernandez 195?). Developmenu was carried Out for- 8 hours
. at room temperauure by the descending metnod The second
- system was n-blitanol: etnanol 2N NF3 (? l 2 v/v} (Koch and
Stockstad, 1966) developed for 2 hOurs unless ot%erv1se

‘is 1nd1cated at room temperature by the ascend¢ng method.
‘2.2.10,8. Identification ofDNPH derivatives.
This was écc0mnlished by their migration on paper
chromatograms and . the color aeveloped after sprayinb

1th a saturated solutlon of NaOH in ethanol The DWSP

derlvaulves vield the following colors after such treatment:

d;ketoglutarate” dark green; hydroxylevulinic adid (ELa),

-



o blue\ one 1somer of f"lyokylate brov.n-oranse and the NS

ﬂ other 1somer, yellow.

-T;f}was orled wlth uaESO4 and evaporated to dryness under a,

~_' & T ‘ - o . - A - L . . \

- .-‘-.‘:,“‘

NOERN
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¥R 2 10 0.} oxtractioh of ‘the derivatives from the (¢ .

- R
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Lt

.l

The oapers were cut 1n small pieces, moistened wmth

’ ;E.Y dCl and extracted three tlmes wzth 5 ml ethyl acetate

”'1_1n 8., 50 ml crlenmeyer flask._ The ethyl acetate extract

A

i
“f-?stream of nltrogen.; In SOme cases, when onIy a qualmtadlve‘

'f;<1dent1f1cat10n.of the HLA oerlvatlve was needed extractlon‘f:‘

“leas accomplished dlrectly Wlth 1 o N N&QE..

. Absorptron spectra were ta&en, after dlSSOlVln5

?.the dry DNPH derlvatlve in l [0k L NaOh 1n the vzslble

i
'..\

regwon of the spectrum.n

2 2 10.s. Counting of DKPH derlvatlves.

The dry DNPH derlvatlves were dissolved in 10 mM

'\Iaaco3 and cOunted in 10 ml of countins solution contaznins.- -

-

tBiq-Solv (sectlon 2. 2. 7) or, -when the radloactlve pattern

"-'was requlred "the’ naner strips (3 em wide) were cut into.

- cm—long segments and counted in toluene (sectlon 2 2. 7)

"r):-

LI T . \
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Protein was oetermined uSl t the method of Lowry

.tlet al (1051) ano bov1ne serum albumin was used aS-;j-A.

B tandard.;- _ f J.qg L .$~'fgvi._4f: ,.g_",j;j; s -}L'{';':f e

2 2. 12 Column'ohroﬁatogfabhy-of eminofaoideﬁtf;‘;} R

_ . a N
Analysis of amino acids was carried out with a- ‘jyﬁ;ﬁ .

”g’neokman automatic amino acid anal}zer, mooel lEOB in a R “y;ﬂQﬂ‘
. .l! N

: The standard amino aCldS were preoared in & mixtufek,i i
{containing 0. 5‘pmoles of the. 148-amino aCid 5 mg albuminj;f'iﬂ}”efeﬁt.é
'ﬂland water tola final volume of 2 ml. The mixture wa% ‘f~fT::‘.‘3l‘l';
_”'deproteinized by TCA at a final c0ncentration of 5 6m-_if' | |
HSamples.from enzymatic assay mixtures contaiﬂing 5. mg

Amitocnondrial fraction protein were also aeproteinized = -"~{f

Amino aCldS were eluted from the column w1tb Q 2 M j[

'Na-cltrate, pE '%.28, at 5°. Samples of 0.5 ml each were -
collected and counted uSing Bio—Solv in a Leckman instrument

(section 2.2. ?).

' 2 2. 13 Growth of thiamine— defic1ent cells,

Cells defiCient in thiamine were obtained as- follows.

Pl
o o
-

N
*
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L ! ’ .
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Effect of thlanu.ne on the growth on ;

"-"."-_'I'etrahymena. 100 ml synthetn.c medlmn Y o
plu acetate and ‘varying amounts of .' '

g_lth,tamne were- :.noculateﬁ w:.th 1% inoculum

from cultures grown . for .3 days ine .

iproteose-peptone med:r.um.'rhe normal (control)
medium coutaa.ned 100ug of . t‘n:.am.ne ,
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thlamlne was normal but 1t was reduced to about 80% of - :;-

. partially thlamlgf:jgfflcient cells._

Figure 2. 3 shcws that when organlsms prev;o
grown in proteose-nentone medium were transferred to e
thiamlne- ueflclent medlum no 51gn1f1cant effect on the_)“'”

‘ 'l

growth was observed compared te organisms srown i" tﬂg' f“;js?'»

>
A marked 1nhib1t10n of growth.was observed after a seco

presence of the normal (lOO.nv) or lO ng of - thiamlne.l'uf

transfer of uhe cells grown 1n the absence of thlamlne -
to synthetlc thlamlne- def1c1ent medlum (E acetate). _

(Flg.-a 4 ) Growth in che presence of 1 ng or 5,&5 cf

the control value on the presence of’O a,ug of thlamlne.

The 1at er concentratlon'was chosen for the growth of

PR - abe s _aliam
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Effects of thlam;ne on the growth of

‘Tetrahymena. 100 ml of synthetic, medium .
‘Elus acetate contalnlng the lndlcated

-amounts of thlamlne,were lnoculated thh
Ja 2% inoculum from 4&- -day. 01d cells grOWn

in thiamine - def;cient medlum.g

"facetate,thzs 1ast culture was obtalned

as descrlbed 1n Fxgure 2. 3, - 'k” B

.85

.
-
-
P
Al
-
.

N WP B



.iVSdrketoglutarate glyoxylate oarboiigase activity a major

-3

- CHAPTER 3 i RESULTS . .« L. .o .. e

" Section 3.1; INTRAC ELLULAR oIS’T‘RIBUTION OF. ot-K“‘TOGLUTARA”‘E a
© - GLYOXYLATE CARBOLIGAS“‘ AND u.-KT‘TOGLUTARA E. -
n.,cmﬁsoxsmsr,.: R |

Durlnf the studics on the dlstrloution of the

'T‘Aproblem was the cell. fractionatlon procedure._fﬁhe-‘deld e ;5{ 7 B

' '5fractionatlon descrlbed by Mager and 1pmann(l956) does J;':“

"not yleld subcellular fractxons analogous to those obtained
"1§for rat llver homogenates and the usual methods for the efffj-fqt'
f*preparatlon of mltochondria ane not adequate for the c111ate.:j”:'
;fhowever, sultable procedures 1nvolv1 g gentle homogenlzatlon'

"and differentzal centrlfugatlon ‘have been developed for

"~“etrahymena (Byfleld et al. 1962 hobayashl, 1965)

The procedures for the subcellular fractlonatlon :

used for the work in this Thesis are methods A and B o

4l

" descrlbed in Methods (sect;on 2.2.4). “In- ehls sectlon o
'-. data are oresented on the subcellular dlstrlbutlon of ohe
:urketoglutarate glyoxylate carboligase act1V1ty when ;
‘fthe orzginal methods: were utlllzed ané when some. modlfica-d"

tlons were iqtroduced to them (methods A and B)

N
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\

'fExperimental o”oceddres'T
. \.. B . . -

Li) Wethod of Mager and,Liumann Cells were' *rown"-

for 50 hours in nro COSe-pentone medlum and fractﬂonated
as deocrlbed in metpod A (sectlon 2 2. h) etcept that the’

_\‘nuclear fractlon was collected as folloxs- After homo=- q~.

genization w1th the Leflon-pestle homorenizer had beexn .

completed, cell debris and nuclei were eedimented by

centrifugation at l?Squg for 5 min. mwo layers were'
_obtained of which the lower was small, brown-gray. and
well packed and the unper oulky, uhltish and loosely aackea.

When the fwo layers were resuspended 1n O 25 M sucrose

-

‘buffered w1th 0. Ol M phosnhate buffer o 7.0, supulementec 5

with 0.00L M BME (medlum A) and centrlfuged at 500'x g for
5 mln the same two layer were ohtalned. The upper one was
: collectea washed'once and finaily‘suepedded in medium A

: (1t will be referred to as "nuclear’ fractlon") 'The lower.
layer, presumably containing intact cells was alscarcea
The . nost-nuclear superna»ant gluld (homogenate) was
processed as’ cescrlbec in method A (sectlon 2. 2 4) for

ootalnln the mltochOnarlal and supernauant fractlons

ii) Method of Foaajashl ‘Cells were grown for

L2 hours in nrOueose-nentOne or for 60 hours 1‘rsynuhe»ic

medium and fractionated,as described in method B (section

-

st
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gt

Pr

. Id
NI ’.

' 2'2 4) eexce that the supernauant fraction was uh&t

obtalned after the centrifubatlon at 10 0035 for 5

mln wltnout further centrifugatlon

'vc

Results and ai cusslon Table 3 1 shows the RERETRN

subcellular dlstribution af’apketoglhtarate glyoxylate  g TR
L Caroollgase actrvmty when uhe metbod of Nager and Llpmann

' was usen as’ descrlbed above.: It was found uhat 5?% of

the‘units;(eons;dering the. uotal unlts equal to the sum

-t Ja

e remalnlns 43% of the homogenate fractlon
were dlstrlbuted as follows 69 0” in the m1tochondr1a1
fractlon w1th a speclfiz\atfi/ﬁty of Q. 32 and 31 in the

~

supernatant fractlon wita a specific act1v1ty of 0*059

Somewhat 51m11ar clstrlhutlon was obtalred when the Kobq,;

ayasnl method was employed (Table 3. 2) About 50“ of the
unlts .present in the cnude homogenate were recovered ;n

the mltocdﬂpdrlal fractxon w1th as c- aqnaqlfy of

1.08 which represented a 4-fold increase in snec1f1c '

activ1ey over that of the crude homogenate..-The‘re?ﬁinef
-

ing ﬁhaggqﬂere found in the supernatant fractiomwith a°

: snecific activ1ty Of O 16. Howerer, it should be noted

¢
[ -

¥

the nuclear fractlon ana‘the homogenate.rraction) were
. ,recovered the nuclear fractlon w1th a snecrflc act1v1ty
- of 0: 314-8.<Ah .

-\



”'Sﬁbcellular“ k
'kf;Actions '

' Protein Units

mg/nl  ml-

_Téiai;?UnitS'
‘units thg.prot.

:jPercent of-

nuclear f£.
 +homogenate ‘genate -

homo—'

ﬁudlear'
‘JHomogenate

tochdndr;al

_Supernatant e

"'12 7

4 l

- .7.8 .
2-9 : - ..‘

‘4;41'
3 _o';_si‘_"
' '1.!51 \
0.1

©26.2
18.1

;8.3

0.348

0.232 "
©0.039.

.j.l5‘7.4 o
a2.6
29:4 |
 _;§;§..T

L e

31,4

' H“Tabie_S.;g"Subcellular dlstributlon~oftx-ketoglutarate-“
' . glyoxylate carbollgase activity in cells’.

~

fractlonated by the ‘method- of Mager and Llpman o
_(1956) .The fractlons were obtained as descrlbed _
in the text. The enzyme: was assayed in the standard
cond:.t:.ons with (U-“C) glyoxylate (285,925 d.p.m.) |
.as the 1abe11ed substrate.The reaction.was ;
‘stopped Wlth TCA-AAP The cells were grown 1n
: proteose—peptone medlum.. '

. N
.
“



il

“Subcellnlar

Supernatant :‘

[

“'Proteinrbnits: Total Unitev'7:?ereent‘.
- fraction . - fmg/mlxq‘ ml unltSj mg.prot.
Crude homogena.te 308 - 8.8 105 : 0.270 - 100
M:.tochondr:.al | 23.1--"'30.5-__ 51.8 1.086 .0 49

8.3 1.4  S4.2 0.162 52

: ~; Ta51ef3ﬂ2€,

Subcellular dlstrlbutlon of a-ketoglutarate- _ .
glyoxylate carbol;gase actlvrty 1n cells fract;onated :
by the method of Kobayashl (1965) Cells were

: grown in proteose-peptone med;um Crude homogenate

: represents the initial preparatlon obtalned after

idlsruptlon of the cells.The enzyme was assayed
Has described in Methods (sectlon 2. 2.5. A),w1th
110 umoles ‘Sf (1-140) glyoxylate (222,727 d.p-m.)-

and 4,rmoles of d-ketoglutarate ‘for 30 min.

The reactzon was etopped with TC@—AAP

S
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~

that the startlnx preparations for the mltochonurlal
"preparations were very dlf§3;3nmjln the two nethods. ;1Q.f'f;;i”;1l‘“.
3In lable 3 2 the crude honobenate corresp0nded to the L
nf?homogena&e obtalned aften oonnlete disruntion of the

::cells and no subsequent centrlfugation and contalned 100%
d‘iof the enzyme.: On the other hand the homogenate fractlon \q ¢¢fjﬁ*”;:
'%.zln Table 931 was already defnc*ent by about 5?% of the o

':uults present in the orl lnal oreparatlon, whlch had been

1ost to the nuclear fraction Kobayashl had con51deredf‘

-“ff'that the nucle1 were destroyed during homogenlzatlon by .

 ;réleased proteases (krown to “be present in hi&h amounts-‘jﬁ“ _;-f_;;; g

7d1n Tetrahymena, Vlswanatha and Llener 1955, 1956) Aswd.-;'
.iresult the mltochondrla Wthh can be sedlmenteu at ‘as o '
: llttle as GOOxg uould be the. heavnest subcellular partlcles..;:--
For thls reason the 1ntact cells are removed by centrlfuga— |
':tlon at 200;5 for -2 min. . These mltochondrla were showh by
R obayaShl to have hlgh re5p1rat10n.and phoSphorylatlve
‘eff101ency. From thls conszderatlon, then, it apnears
‘that the carbollgase actlvlty ?ound in the nuclear fractlon
(Table 3,1) 1s due to mltochondrla that have been sedlmented | i
'at 1 50035. 2s a result of this, a different pattern of o : ‘!!

ac»lvity distrlbution.was observed when the homogenate .

'fractlon, in the Mager and Lipmann method was obtained by



-

fractlonated by method AsCells were 'grown in o

-proteose-peptone Fractlonatlon was'. carrled
_ out-by. the ‘modified method of Mager and prman
(1956) . The homogenate was obtalned by - ’

"centrlfugatlon at 500xg for 5 min. Assay P

condltlons as- descrlbed 1n Table 3 1.

ks

o

G2
: N
Subcellular '. Prote1n Unlts Tdtélj-uhitgf'ggPér cent e
fractlons e ‘mgfml ml . units; mg.prot. - -
_Homogenate . 221 2.68 69.6 0.120 100 . .
'smtochondnal- 115.7 - 2 63 '48:9 1 0:168 ﬂt} o
: ‘Supernatant 1044, '_ .-o 04 9.1 0,004 13 .°
'?_.réble-3:3:, Subcellular d;strlbutlon oftl-ketoglutarate' _ .
R _ glyoxy1ate carbolxgase act1v1ty in cells - .

o remied N




e I
‘..h \; o
N :
method A after centrlfugaulon at SOOx' fcr 5 mln (Laole fv?y{*_ﬁfc {v
7.4.3-:) Q1 tne total units ?O“ were recqvcr thc nlt-~c '

‘ochoncrlal fractlon an¢ only l3s 1n the supernatant fraction.
f"{ith thls moezflcation tne sneciflc actiVLty of thc mlto--

ll?chonarlal fractlon was abOut O 16 | rphls mOQlfleQ nrocedure AN

“_ is: tnat descrlbed as. metnod A ard was ueed ln some experi— --b

1

"i}ments in thls Tne51s.

In relation to the hl h percentage of unlts foungigv o
-lfaln the qupernatant ’rectlon w1+h the Kobayashl meiheé T“‘;*@ﬁ{l ‘*_
‘,(Table 3. 2) 1t seems clear that lO GOOxg for 5 nin was
| not enough for sedlmentmng most of the mltochondrla..‘uc'wf-
.However, in some experlments this method was preferred !1‘

- 'because 1t yielaea a better prenaratlon ln thch the SPElelC c:..

'act1V1ty 1rcreasen chh respect to tne homogenate fractlon ‘

”by a factor of %

'1T{_ | It sas later founa that when the methon B was nsed
. for. the preparatlon of mltochondria from. cells grown in.
the synthetlc medium contalnlng acetate or ~lucose che-‘m
.yleld of enzyme act1v1ty in- the mltochondrlal fractlon B

was very low. In a system&ic study it was founn that . IR ‘

-,this nrocedure ylelded a recovery of only about 10% of the

f'mitochondrlal frédction’ as compared to the 507 yield from

cells grown in proteose—neptone medlum (Table 3 doa).
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'51 1§51e‘3;4:s_Subcellular dlstrlbutxon ofti—ketoglutarate-F | "
S “s'l.glyoxylate carbollgase actlvlty in cells L : NLT?.
--fractlonated by method B. Cells were grown 1n1_ R
”synthetlc medlum supplemented Wlth acetate._ B
a) cells were-f:actlonated by method B.‘,
‘b) cells were fracteonated by method B but
" the mmtochondrxal fractlon was obtalned ' ‘
. after centr;fugatlon ‘at 12,000xg £or 15 mln.;f‘
L L Assay condltlons wg}e those descr;bed 1n‘Tab1e
Z;j;'fff;;ffﬁf;_jf.ﬁh 3.1, wlth (1-14C)glyoxylate (178 482 d. p m.)
R R ‘-Figures in parentheses represent the T
'd-ketogluterate decarboxylase actxvxty
::-assayed S descrlbed 1n Methods (sectlon
"2253)

|'A




- ihat thls was not oue to 1nact1vation of ehe_enzyae durlrg

B

-

el U et

‘_"‘

g‘ohe preoaraolor of »he mi oohondrlal fraction 1s *how

T in lable g 4 b, where ohe mltoohondrla fracolon obtalned

[ ~

after centrlfubat;on at 12 OOOY& for lﬁ nin cootaloeo

70” of 1e units present 1“ the crude homogenate. Parallel
assabs of the drketoblutarate decarboxylase act1v1ty‘1n _Ll
these fraotxons uere also oerformed. The same dlstrlbutlon

was found for thlS enzyme also, suggestlns oither that fhe .

mltochondrla frdﬁ;;ells grown 1n synthetlc med;um were'rr,,";*~f~ ’

more fraglle yielfing nartlcles uoon homoeenlzatlon Wthh
co sed;mented with' ;ﬁ% components of the rluf+‘y layer _
Wthh overlays uhe mmtochondrlal pellet or that llg:ter -
mltochondrla were obtalned from oells groer in syrthetlo

%

medlum as compared Wlth those obtalneo ¢rom cells grown 1n

proteose-peptone medlum.. The possiblllty onat.qualltatlvely :

o dlfferent mltochonorla are obtalned from cells srowr in -

nuonluionally dlfferent medla is supoorted by the dlfferent
sedwmentatlon values reoorted for mltochondrla. -Byfleld

et al.,_(1962) reported that. they were aole to obtaln

‘ mltochondrla from cells grown in proueose-oeotone medaum

under v1gorous aeraulon by centrlfuglng between 5 OOO

_and 100, ;000xg- ' On the other hand Kobayashi nas reported

--sedlmentatlon of mltochonorla by centrifugation oetween 200 -

96



and 10,000xg from cells 3rown in nrcwteose—ﬂe tone but

witrout aeration.’ Itfwoula then appear that under tbe latter

condiiions-largep'mitoclohdria weré bresbnt. ~e Aave also
'observed&(éectioﬁl3.9.2.} that cells brown in ﬁroteOfﬁ—
peptpné were fuch laruer from statlc cthures than from
gshaken cﬁltureé; It would_not tJEn be surpr1$1ng tLau:‘
~cells ro"n in our synthetic wr‘;rofedse—?éptpne media

wourd yicl lbOCbonerm of different size.

in swmnary, n05t of the u—ketowlutarate glyovylaue

'_l-

carboligase,activity in Tetrahymwena is in the‘mitochOncrlaL

iraction as obtained by the methods used in:this work and
only 1305 of tiie total activity was found in the'suuernatant

fraction obtalnec after ceantrifugation at 12,0.0xg,

~Ketoglutarate cccarbOXVlase gave the same distribution

9

.

tvern to that of the carboligaseL

-
&

“kobﬁ et al (1907) reported bha» ghe d-he»o utaraté:
rlyoxalaue carbolizase was presenu not on1x in the mito-
chondria but alsc in the soluble fractions-of human liver
cells (about 30%) and humah splegn and. klc"ey cells (ébout
50%). The ceTIS were fraculonaued by the n*oceaure of
Hogeboor (1655) and uhe sunernatant fraction was obtained:
at 2?,000x5.‘ On he o»ber hana, GlSurlbLtlon studies with

different rat tissues showed negllglble activity in the

IS



'-‘supernatant fractlon after centrlxu&aulon at. lOp,OOOxn -

'i{Schlossberg 2&.2&: 1°7u) . o
Sectionx3.2: . STUDIZS.OX TEE COE ?J?FED DU QIKJ THE
I REACTION. |

3.2.1. Orig;n of the ?“co

3

-Experimental Drocedures; CellS'were grown for

about 55 hours in nroteose—pepton "medlum.' The
mltochondrlal fraction was obtalned bv methoa A ‘(section
'-2:3;4); Assay conditlons were as aescvlbed in 1ethoas
(sectiqn 2.2.5.A). The labelled subsgrates wereci—(l—l40)
.ketoglﬂfarate de(5—l4c) ketoglutarate ( 140) glyoxylaue
(1—1403 glyoxylate and (2- Ligy. glvoxylate.

Wesults. It .is clear from Table 5 5 that nelther

. ths C2 from glyoxylate nor the C5 from dpketoglutarate

contrlbuted to the label - of CO2 evolved after ac1d1f1catlon ;?

d;\?b% reacﬁlop mixture. Clearly the label orlblnated at K

‘,the C; of giyoxylate (Eﬁper; 1). The labelled Co, also
orxglnated from ‘the Cl of drketoslutarate as shown by
experiment 2 (Table"3.5). There was no significant

décarboxylation when either'quefoglutarate or ilyoxylate

<, -



LT - T e —7 i_ 
| ;akzziﬁﬂfﬁt" ‘ _‘Assay,gondlt;onsl _.:n@olgs Coz/hr_
subsfrate \ . : o " o
Experiment 1 . R S
(1=7%¢ glyoxylate " Complete 10305 -
..2x10$d.p.m.) o ) R
SR . Enzyme omitted 1 0.009
(2--%c)glyoxylate - Complete : . 0.002
(2;0x10§d.p.m.1_ .
' Enzyme omitted ", ..0.001
ah(5-14c)ketoglu£é- Complete . 0.060
rate (l;Oxlosd.p.m.)i ‘ L .
Enzyme omitted - 0.006
Experlment 2 S .
. (u- C)glyoxylate : cOmplete o g - 0.665
(3.0%10°d.p.m.) nI
: d~ketoglutarate .
. omitted | ~0.019
Enzyme omitted 0.005
d-(1—14c)ketogluta--.éomplete | ' 0.541
rate (1.2x10°d.p.m.) ‘ |
‘ Glyoxylate ..
omitted ~ 0.054
Enzyme oﬁitted 0.017
Table 3.5: Origih of tlhre 1400 from £he labelled substrates.

2

continued. ..

)
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' 'fébl'e 3.5z Ora.g:.n of the l4'1:0 from’ the labelled substrates._
' . Incubat;.ons were carr:.ed out, m the- standard o
“cond:.ta.ons of CL—ketoglutarate glyoxylate - .
: carbol:.gase (sect:.on 2.2.5.A) with the indicated \
- -omissions.In experlment l,xgltochondrlal fraction
. (lz;mg) were :.ncubated with 4 umoles of glyoxylate’ . |
and 4 uBoles of d-ketoglutarate,the labelled '
_ substrate being that 1nd1cated in the Table.‘
RN ction was carried out for 60 min and’
\ ot iopped with PCA. In experiment 2,the - N
' mitockondrial fraction was incubated with’
2, moles of glyoxylate and 2u mples of d;-keto-
glutarate when glyoxylate was the labelled substréte
! the react:..on (60 min)was stopped with TCA-AAP.

- o When d—ketoglutarate was the labelled su.bstrate, : .
~ - . . R o Wlth PCA ) ‘-zél
T | R : 5
5 o S 3%

. ’ ~

4



lOl_‘

\

were omltted (exper 2) or 1n absence of nltocbondﬁla._
In conclu31on, the 1abelled GO sas a mxxture of C -
_frOm both rlyoxylate and arxetoglu%arate and the‘ E

reactlon reculred the mltochOndrlal fractlon.

' 3.2.2.. iinetics of the 1¥cO.-release in the
_ . différent assay systems.. ,
’ Experimental nroceaures. Celis’ were grewn for

N

about %5 hours in proteose-peptone medlum. The .‘
mltocnondrial fractlon was obtalned by ﬂethod A(sectlon o

o 2.2. 43. Lhree serwes of flasks were nrenared (A B, and
C) for the assay of tne enzyme (sectlon 2.2. 5.A)
series C, Z‘pmoles oftx—(l-lhc) keboslutaraee (lpq 4000 .
d.p.m.) ®as the labelled substrate. In series A and B .
2 ppoles of (u- Lhey glyoxyWaee (298),655 ¢.p.m. ) was the
labelleg substrate. After 1 hour of 1ncuoatlon one flask
from eechlseries was removed without further addition, for .
14002 estimation. 1In these flasks +he nonenzymatic reactlon
(2) (sec“ion 2. 2 5) was very :low and the ’lasks would serve
as zero time controls for ‘the nonenzymatic reactlon (afeer
adult_or ‘of acid) in the e:éélnlns f1asks. The flasks of .
series A and c recewved BCA and those of serwes B recelved

TCA-AAP mlxture and incubatlon was continued for another
S ' T~

E

[ XaYiatt el ’
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tx L FFTIrt
wacwana
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Figuré 3.1:

S B SR 1 N
10 20 (30 40, 50 60 -
| TIME,MINUT_ES_ |

14CO2 productlon -as a functlon of time’

_ after stopplng "the reactlon in the

'.'carbollgase assay: A,(U-. C)glyoxylate,
'stopped with PCA: B, (U—l C)glyoxylate,,_.
'gstopped with TCA plus AAP; C, —(1-1 C)- .
,ketoglutarate,stopped with PCA.Mltochondrlal

fraction protein (1 18mg)was present in

"each flask._ R
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60 min.‘ﬂﬁhe rate of l*ooa evolutlon was Iolloweo by ‘

| Jremoving flasksrat,varlous,ulme_lntenvals- B

a

.. ..  -GLYOXYVLATE ‘CARBOLIGASE. -

nesults and anscussion., As can be seen in *15ure p l

lnttle 1400 was’ netected after 60 mln of lncubation of

the complete assay mlxture uhen the labelled suostrate <

' ,\was (U-»“C) glyoxylate (zero tlme for curves A anu 3).

Rapid productlon of lkCOa occurred upon addltlon of ”CA-».-
AAP- (curve 'B) and a slower one upon addition of DCA R
(curve AJ Nhen the 1abelled substrate waséKl—lqc)

ketoglutarate addltlon of PCA resultea 1n l;ttle further

- the presence of reactlon (l) during the assay and of il‘

reactlon (2} after addlolon of PCA and AAP (sectlon 2. 2 5 A)

; and are in agreement with the data of. Koch and qtokstaa

‘e

(1060) for’ the rat 11ver mltochondrla.

r
e

Section 3.3. COFACTOR REQUIRZMENTS OF o-KETOGLUTARATZ:.

Ekperlmental nrocedures. Cells were groun in'pfoteose-

LN
neptone meoium. The enzyme sources were: (i) CelT extracts.

the wasned cells were’ suspended in O. 25 M sucrose ano kept -

‘frozen at_-ZO? . After one day they were thawed and sonicated

. for 1‘m1ﬁ;(seeuipn-a.2.3) (11) the homogenaue and’ the”

anrease 1n J"*CO2 production (curve C). The results sunport |

P




-.3ap ~pr1atc tabWes. _( l“c) blyoxylate was the: labclleo

”-mltochonariel fraculons me“e ob axned b} method A

'(sectlon a._.q) drhetoglutarate blyoxy&gte carboll ase"

‘ﬂwas assayee 1e ,he standara assa} conaltloPS‘w th tho

.om1551ons or addltlons oescrlbed in tbe legends of tne l;fﬂ~l"'

'-~substrate.- Incuba 1ons were carrled out for l hour and '

-f;the reactlons were sto“oed by aoalolor of :CA-‘_'f

104

H1 ?esults and dlscuss10n. Tn the presence of the‘fLVf e

t‘total cell extract it was foubd (Table 6) that TPP

u rwas reoulrea for maxlwal carbollgase actmvmty In tﬁeff;”
f the control after a 20 hour d1a1y51s and to 10%.w1th the
' longer a1a1y51s.. drKetoqutarate was also requlred for -
max1mal act1v1ty, nowever, an absolute reoulrement coulo

: not be demonstrated even, aftqr 72 hours of o1alyszs. '

fLo requlrement at all could be aemonstrated for,magneszum

Hith mltochondrial nreoaratlons dyketo~lutarate was o

&

;aq absolute requireme t (exp. 1, mable 3.7 and exp. 2,
'rable 3 5). TPFP was required for maxlmal activ1ty but =

- _50% of the actLV1ty wias still found in its’ absence, -and

4 tbé complete reouirement was demonstrated after 43 hours

-of”d1a1y51s.' As” Wlth the total cell ettract no mavne51um .

-

-

| tﬂabsence of added LPP the activ1ty aropoea to aoout ,U%flf?”'"'

. -

4 s ae=sa somEnsrw
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S

o ‘ _“-fuf;”. R msunrts/mg proteln
;'Assay cohdltlons " 'pialyzed 20 hrs Dlalyzed 72 hrs .

Cs Mg+? f'}"j'-f-‘ ;- - ;29:,"“»,;"'rtl 12

‘“t;_r;-;f-tl-ketoglutarate ,;i‘\x---s ST ;7*__ir“35s o

A

‘jirabie‘BEG:f Requ;rements of(L-ks}oglutarate glyoxylate
R - carbol;gase in the total cell extract. o _

The enzyme was assayed in the standard -“'t o f: -
conditions- (sectlon 2.2. 5. A) but with (U— GF :, RS L
glyoxylate (300,000d.p.m.} as the labelled .
substrate The reactlon was, stopped with- PCA.'

! R ! '_The.cell extract was dlalyzed for 20 hours

BERA ' ‘agalnst 150 volumes of 10 mM K;phosphate pH 7. 0,

' 'fsupplemented with 1 mM BME. DA
v v
A ]
‘.. f i



”LAssay COndltlonS o

S.om units/mg protein

"Experlment 1

:-‘Complete
o +2

+2

-3..‘_- Mg ,+ ED‘I‘A (1 mM)-_". -

= TPR
- TPP,~ Mg
e q-ketoglutarate

+2

”'“1301led mltochondrlal fract;on (10 mln)

) r.\Ex'pér:.'m'eh"'t-- 2
ML

-+ Mg*? (0.25 mW), -+ Enm_'(l
4 Mg™2. (0.50 mM), + EDTA (1
'+ Mg*? (2.50 mM), + EDTA (1
+ Mn*2 (0.25-mw), + EDTA (1
"+ mn*2 '(0.50 mM), + EDTA (1
+m*2 (2,50 mM), + EDTA (1

~Mg ,+ EDTA (l mM)

.

mM) -

mM)
M)

‘mM) |

mM)

Undialyzed’

"';z.:§3li‘.‘._

Y

o8 T4
109, . . 15

R L
'3054ﬂ h

o128

Lt
72
120
28

- 67,
125

‘o Nt o &

_Dialyzed -

' Table 3.7: ‘Requlrements ofti-ketoglutarate glyoxylate
B ‘.carbol1gase of undlalyzed and’ dlalyzed mitochondrial
fractlons The enzyme was assayed as 1nd1cated in

'Table 3.6.In. experlment 1 dialysis was. agalnst
two changes of 200 volumes of 10 mM K—phosphate,;
,pH 7. 0,supplemented wlth 1 mM- BME for 43 hours

e
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l..'

e[lrequlremeﬁt could be demoqstrated. Youever, ”““A at a B

107

:lﬁffinal concentratlon of l ﬂM totally inhlblted the reaction:f‘kq,n;‘

‘ ,“.The reoulrement for ‘1yoay1axe was demonstrated uSing liJ_.;
-ftdr 1- 148) etoglutarate as the label1ed substrate as shownf.ff
'ew;t‘ln ewperiment 2 Table 3 5 Boxled mltochondrlal ;ractlon- o
‘ftfiwas]unable to produce labelled COa when present in the'f'f""

‘iljﬂcomplete reactlon mlxtures (exp 1 able 3 ?), 1nd1cat1

,,,,, -

rﬁ{\wthat the reactlon 13 enzvme-catalyzed. R

Addltlons of Hg a or- Mn 2

“jEDmA was oresent completely restored the act1v1ty'(exp 2,

to assay mlhtures in Wklch""

FfTable 3. ?) D1a1y51s aaainst the usual buffer suppleventedi-'“.‘:"'

2lw1th 1 mM sDTA 1rreversibly 1nact1vated the enzyme (Taole
3.8).. The. effect of EDTA and the requlrements for the :

--carbollease reactlon reported 1n the 11terature are

,summarlzed in Table 3.9. In all the cases drketoglutarate “-'

-”was necessary for the reactlon as- measured oy the decar-
'boxylatlon of glyoxylate. TPP vas reouired in alfferent

l,degrees. An absolute requlrement was found for the enzyme

-; 'from Mycobacterlum phlel (Yamasakl ‘and Vorlyama, 19?1) andj_

a Sllght one wﬁth a cytoplasmic preparatlon frOm human
: kidney (Koch et al., 196?) The hlghest reoulrement for

Mg 2 has been reported wzth a partially purified rat-llver"g




- A.‘-.‘..

"'x.ysubcellular if»

Undualyzed KDlalyzed e g

‘m unltSng Proteln -,&J;f ;né§tivétionﬂ--:‘;

%fractzon

'7;Crude homogenate js_ -28. 275}wuj' O‘X .':?97;6p?;

‘_-mtochondnaL 0 o1se.3 o 30.1 o, 835

'Supernatant__g‘*-'\
R A . J .

: Table 3 8..

Effect of dma1y51s agalnst EDTA ontX-keto-

';_glutarate glyoxylate carbollgase._

':‘The enzyme was assayed as 1ndlcated ln Table ‘

3 6 D1a1y51s was carrled out for 20 hours

agalnst 10 mM.K-phosphate buffer.pﬁ 7 0,

o contalnlng 1 nM BME and 1mM EDTA.1 Do

108
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<oy

. preparation .. -° ::.2 -1: +EDTA:‘.f§M§+2 ;*TP? J- drketo-:f

o ”:ea R L glutarate

'Mycobacterlum ghle; Lot e
”purlfled enzyme (1)......... 7%e \-ﬂﬁli_ s 0%,‘Hff"0§ '
'thodopseudomonas L . | e
- . speroides partially R L R
- purified enzyme {2)....L-,,‘.‘,"_ L s3. 3as T
f:%Rat liver m;tochondrla, T - . T.V”f’,¢‘f‘ RS
'.;'partzally purlfled o ":.*f S ;
‘enzyme (3)......‘.‘-._...7....‘.'.‘_- S sTel a8y sy
" Pig-liver mltochondrla, | B R L
" purlfled enzymé (4)......;t 76%‘.¢ “’555 - 838 S LT e
¢ ‘Rat liver mitochondria(5).. ' . 1008 - . '~ less'than 10%. -
" Rat liver mltochondrla,‘; A T o
‘\.‘partlally purlfled (6)..;.. S :'“ 52% 3558%--._5},5%‘
‘.'Human-kldney - _ l S o ’ N
mitochondrial enzyme (Deer 748 78% 3%
cytoplasmlc:enzyme {(7)eueen | - 87 ‘1 89% 3%
'*Tetfahymena pyriformis ‘ : - ‘ '
mtochondr:.al fract:.on ) o LT
present work.....f.. ....... 2% .. 100% 'li%"f 3%

._TTaBle 3.9: Effect of EDTA and cofactor and substrate
N ' requirements forti-ketoglutarate giyoxylate
carboligase reported in the llterature The figures
represent the’ percentage - ‘of the activity 1eft

after. the indicated. addltlon or ‘omission. S
(1) Yamasaki and Moriyama (1971);(2) Okuyama et al.,(1965),. N
{3) Nakada and Sund-.(1958); (4) Steward and Quayle (1967); : R,
{5) Chrawhall and-Watts (1962) (6) Koch and Stockstad (1966) . ™
(7) Koch et 3;.,(1967) : ‘ L




. L ~ -
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-fmltochondrlal enzyme (hoch anc atockétéd; ldéﬁﬁ*where“tbe7‘7”“

T}actmv1ty'of tae enzyme ar0pped to aoout 50~ comnared to

'tnat obtalned 1n the prekence of adaed Mg Ir one case'f

'qno magnesium reoulrement at all mab observed (urawhall and

110

-;Matts 1932) and When tested (Table 3 9) “DWA strongly }[‘L:f;."“'“

"“f~}1nh1b1ted the reactlon.e,f_'”

-,

"e rphese data from the literature and our own suggest
"‘that magne51um (or manranese) lS strongly bounc to ehe‘
E-;enzyme anc nay be effeceively removec ov mDTA.f r"h::.\s 1s

-supnorted by the reversal of ?DmA 1nh1bltlon upon addltlon-fe; ;f‘.',‘
\

,}_of the. metals (Table 3 ?) Eowever, magnesmum dlﬂ not

‘ 'reactlvate tne enzyme dlalyzed 1n the nreﬁence of- ““”A.
d1a1y51s resulted in 1rreversib1e structural change wmth a

,concomltant loss of catalytlc actLV1ty. '_

‘Sectlon 3, 4 -COZ.EVOLUTION IN TEZ ABSENCE OF -

' drKETOGLUWARAmE. |

The llmlted *coa evolution before addlblon of PCA

or the TCA—AAP mixture was lnhlblted By 59w rather than '
' stlmulated bm'drketoglutarate (Table 3. 10) This

'-inhibltory effect of’drketoglutarate on: the decarooxylation

L wf

T 1s 00551b1e that the 1ong exnosure tlne to ED”A durlng f'

S
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' substx'-ate‘ .

lf}zméieewld

.’Glyoxylate

 Glyoxy1ate E'us

< Nqne © - PCA . - TCA-AAP

0.04¢ - | locos0.  ouis2 .

d-ketoglutarate ~  © -0.018 . . C0.218 - 1 0:492

~¥iphibition or . . jpnibition

'enh'ancenent - enhancement :

. énhaficement'DY' ' . . 5oy T ... 598 .. €340
o deketdglutaratej__" PETCTE P »,”eAf;f e

‘-u .

‘.. Table 3.10:

| fproduct Homogenate (3.3 mg) obtalned by method

A (§ectlon 2.2.4). was xncubated with or ‘without. §f

. drketoglutarate under the - assay conditzons for

. w1th elther PCA or TCArAAP

;id~ketoglut te: giyoxylate carboligase
- (section 2. 2.5.a) with (U—1 Cﬂglyoxylate

{295, 365 d.p m.) as the 1abelled substrate;

‘_The reaction was carried out, for 30 min and

‘the 14C0-2 estlmated wlthout further addltlons,»..

or after an add;tlonal 30 min lncubatlon

‘cog{hr after the followxng addltlons;'

i1

“7Effect of drketoglutarate on the decarboxylatxon;ﬂ~
:of glyoxylate ‘in the absence and presence of Lo
‘the nonenzymatlc decarboxylatlon ‘of the reactlon ‘

e s e Lo
_pry R L ANIREANEPNTY T T

"
-
bl
T .
A
<
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-‘of *1yoxy1ate was obse“vea on several occasions wmtb celTS

"ffhomobenates but not with mltochonarlal fract10n8-~;_5:" ;r S 735:. .;"

- mhe evolutlon of QCOZ, in - uhe absence of
‘lq-keuOWIutarate ang its 1n?1b1elop by the latter io euubes-.7'eA

'tﬁve oF the nresence of 'lyoxylaee eurbollrase in Tetranymena. :if'

"”.:\1The Latk er enzyme catalyzes uhe conaersatlon of two nolecules

'::fof lyoxylate to yleld tartronlc semlhalcehyde and bOa

t];as shown beIOW':'" e Ve
CHO .- Tig,TDP : CHO B T e
2‘ L ——-——' LHEOE T‘.TTCOZ S e
°cooxa ) COOE -~ 7% . SO

I

ﬂ The reaction also reculrea magnesium and TPP :er

aare . smrrw o

'ifmaxlmal actmv1t}es ’Krasow et al., 1961) . Thé assay

! conditions’ for‘i—ketoglutarate:slyoxylaue carbollgase :e."‘

.are therefore favorable for measurement of the glyoxylate
arbollgase when arketoglutarate 1s omlteed frOm the “

"reactlon mlxtures and the observed 1nn1b1t10n ] reflect

‘T‘the competmblon on the part ofcx-ketoglutarate glyoxylate .
caroollgase for the common substrate glyoxylate. It is

-likely that the resldual activ1ty observed ‘with the alalyzed

_cell extracts in the absence of‘qeketoglutaraee (Table 3 6)
'~‘1s due ‘to the presence of the glyoxylate carnollgase at

least_in part. L
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.VAssay syﬁtem f‘:fh.f'ﬁ; f;V‘ff“ﬁﬁﬁSieS”ééifﬁf‘
 ‘ comp1ete‘- d:ketoglutarate -._ ' o ipdi

e emeeed LT a
-fTPP om;tted o "'7?.f; f;”i ‘.5 ‘;5;'
: g ,TBP omltted 5}: ':: Ji_  .:.1 . 13 o

i

ot Tablé. 3.11: ", Cofactor requ:.rements of leOxylate o

;,f_%-décarboxylatlon in the absence of addedtirketo-u

glutarate.nssay cond;tlons are those descrlbed

: . .in Table 3.6 ,ExCept. that,drketoglutarate was’
- omitted. The’ homogenate obtalned by method A
N (section 2.2.4) (3.1 mg) was used as the f'

| - ‘enzyme gource without ‘prior: d131yszs,nfter' f
'f;' . o -;30 m;n the reactzon was stopped. w1th PCA, and

-
-

IREAK

-



-

"V,?-_;able : 11 shoa¢ that the cofactor reoulrements for

. ?[il4co evolution 1n the abserce of a-{etOSWuta*aue were -
: 2 S

ouantltatxvely dlstmnct f*om those ootalned in luS

“VDresence (Ianle 3.6) rT‘ne ulfference 13 nartlcularly l;' . 3* s

1"

"promlnent 1n tbe case of magn951um wnose absence cause a o

'3ﬁidrop o_ 58% in decarooxylatlon whereas lt alu.not affect

"ffthe actmvity in t*e presence of‘drketoslutarate (Table 3.?).

Attempts, not descrlbed ln thls Tbesls, to ldentlf"--”"

.;tartronlc seml“i!hyde from the approprlate reaculon m;xtures

Z‘. fall£Q, however, to nroauce more aeflnltlve ev1dence for the

"'fPrESEnce of blyoxylate carboligase 1n Tetrahymena.. :,”. 3”..‘*~ﬂ

PR T WPt

-S‘éétibn 3. 5: ?quuc'r mﬁﬁﬁncﬂm

Experimental procedures¢_ Céilé"werefg:own in .

L]

nroteose—neptone medlum for aoout 55 hours..‘The‘éﬁbymé

source was ezther whole ce].'l extracts obtalned by .

sonlcatlon (sectlon 2. 2. 3) or mltochond*lal fractlon "'f‘:,' ‘ ’. -_ -
obtalned by meuhod A (sectlon 2. 2 4) Incubatlons were o ‘!
‘carrled out for 60 mln with the omzssmons or- adaltgons .
'_1ndlcated in the 1egends of the figures. ~DNPH derlvatives
.:_were formed by addlng 2 A-DHPH reagent to the ac1d1fied



“é otelnlzed assay'mlxtu%e or nlrectly to'ift ausay
mixture,ﬂandn-whun 11h1ca»ea, PA was adced 5» mln late..

- ~
' The crystals of D Pl deriva ves formed were cOX lectea
',and_vlromatobraprea as QESC“IOEQ in 4e£hocs_(s¢ctlpn
2.2.10). The solv nt sysuem n=butanol: ethanol:2 XN REg
(7:1:2 v/v) is referrea to as solve 1t systen 1 and th
501vent s»stem ethanol: water (8; 1? v/v\ as solvent sttEm
2.“‘1dent1f1catlon of-the “’DP derﬂvauﬂves was accompllﬂved
by their migéa{ibn on ~the chromatograms. The Eggg

osavones) are. of rec-brovn or oranfe Lor. Furtier .

dev‘lficaulon was accompllsned by SﬁquLﬁF 1e chromato-

derivatives are of yellow color and the bis derjvatives
(

e

-*ars Wluh a saturate SOlUulOn of \aOn in ethanol. After
his treatment DYPh derivatives 3lela tie rollox-rlﬁ,s co;o“s.

drkepoglutaraue, dark ﬂreen, hydroxylevullnlc ac*a.(JLAl,

blue, (ck aracherlsplc of bis derivatives }; one isorer of

.

nyoxylate (slow-uov;n*) orown-o”an and the othew iscmer,

yelle. Abso:ption-spectra-were takeﬁ after'Extracting the
deri¥atives from the chromatograms wx.h I naO“. The |
raﬁibactive patterﬁ of,the chromatograms was obtained by
.cutting the paper 'strips in 1 cm-long segments and countd

in Toluene-PBO counting solution (section 2.2.10).

b



;‘asvs»em 1 was used (Fig.‘,.z a) three ye‘low conpounqs were ';73”ﬂ'

esults anu LlSCUSSlOR.l ~apex chrowato“raﬁnv u1th.

-_solvenu-syst m 1 of_augyuntlc [Py EI HLA aﬁu D\P% de“lVatheS
,,obtalned from the aczdlfied m1\uure “wmth he »ell extract

‘as the erz}we source, i ahown 1n7-m;ure 2 - hen solvenﬁ

2 'obta1ned frdm »hu control assay mlxuure (enzyme Omluued)

\ ]

correspondlng to tnc DF:“ derlvatlves oi‘d- et0ﬁ1utarate

(RE 0.057), 8 'd the '*lyoxylaue 1somers (Rf 0. 407 and

;‘:O 63&) (chromatogram A) < An addlulonal red-bro n D‘ﬁr‘

' whlch turned blue after snray1n5 Jlth euhanollc \aOP
-(cnroma ram C). Authe ic- DVPH—HLA also ylelded a’

.uerivaulﬁe was obtalned when uhe comnlete assay was used

'rea-oaean coldr whlch uurned blue after snraylng w*t% etn—;?“

. anolﬂc NaOr (chromauogrgm B) uthentlc DYDH-PLA ard the

'.slowest-moving of the two glyoxylate derzvatzves overlapned

'the DNPE derlvatlves of- ﬂLA and drketoglutarate were u.15

'of ooth the enzymatlc produq_ﬁana auuhentlc ELA dlsnlayed

in thlS system. ] ‘ . _'_3 ' "H L S .F.

o>
€

COmplete senaraulcn was obtalned vhen solvent system

-

'2 was used (Fig. 3. Zb) In thms system the R; values for .

e o

-',and 0. 05, resnectzvely, “and tne Qf values for the tuo

o r’*Il.yox:fl.'st‘.:e isomerS'were O 26 aqd O 35 "Thé DNPH derlvatlves

*

S

I
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-?igure 3:3:

500 s 660
o Alm)

.Absortion sﬁectrum_of‘authehtié and enzymatic

DNPH-HLA.The DNPH derivative ‘was extracted
with 1 N NaOH from. paper chromatograms

.devglope&iwith.sdlvent-syStgm 2;hnd the

absortion.spgctruﬁ-deﬁermined.'A) from

.thgfcomplete assay.mixtureijs)'frdm-

' authentic DNPE~HLA.

Pig

A NIRET

ffa
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the same broad dbso;otlon soeccrum Wltx ‘ oeak at 550f'
: nm, after ettractlon \1t ‘7 YaOP from the oaﬁer T
chrometograos (Fl“ ?.;) DR o

| -_ her the cell ettract was 1ncubated 1n tne ]';
standard assay mlxturo w1tb (U- uG) blyoxylate as tre f'.”:‘f
1abelled suBstrate ano the DJPH oerlvatlves were

c?romato*raphec wwth solvenx system l a radloactlve

.
R I

e oeak was obtalned at he oosmtlon of D“PF-&LA (?ig.f 1+a,,f;[f%ff‘l

mhws oeak overlams Wlth ne slower-mov1ng'glyoxylate-

erivatlve as a comnar*son wltn the cOncrol chromatos*am

(b&iled extracc) shows. o 1:h." fﬁ‘:‘"ﬂ: _?f'j
S T SRR

Paral

H o
..

al weakly labelled falnt blue-coloreo comoound was-

“In. some coromatogracs from comn’eﬁe aseay mlxtures _.'V

1

observed near the orlgln and Sllah ly ehead of the '<',1" — f_5 R

d—ketoslutarate derlvaclve after soraylng w1tn echanollc

-
a4 s Frw Fry £ P ICTAL TASIAICTY

haOH (Flg. 3J+a) This compound w1ll be refe*red to .as ‘::"

DVDE-X and luS or;a n was more tho:ou shly 1nvestlgated

lacer (sectlon 3 6).

. e

As is shown ln Flgure 3J+b when rpPP was omitted
from the reactlon mixture containincr a dlalyzed cell ,
'extract,.much less blue color intenslty was observed and
1ess radioactzvzty was counted in the chnomatogram of |
DWPH aerivatives as compared to the chrowatogram obtalned

from the complete assay mixture (Fig. 3Jpa) When - - & o

", bt
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' of *he u\DH—PLA uere abou “the same as tlose obtalncd s ?i”ll”

"-when ma*nesxum was nresent ("ib. ;»ha and 3 hb) ‘olmllar

B

= },5a and ;.Eb.shews.

' demonstrated ohly when nDTA at 2 final concentraeﬂon of

TN B

eIt B el B L T oo ST LA e T T . T
L. Y D “ oL P ] RN L X .

“._

. masne51um uas Gmiqud bOuh color lntensety and rad‘oact*vmty-

response to uhese cofacto s haa been observed when hege‘

v

thOE was measured (sectlon 3. ;, Table 5 6) rf‘ht—:ere was.

',-rt‘

then a cor elatlon vetween 4002 evolved and:XLA formatlon
whlcn 1nd1cated that ootb yrcducts were eormed 1n nara*lel
under he assay co dltxOns fer ehe drketoglutaraee glyox-ﬁf o
ylate carbollgase reactlon.‘ “urthermore, as in tne case of.":'
carbon dloxlae evolved (sectlon 3. 3, Table J.?) the"'

requlrement of masnesmum for TLA formatlon could oe f’*"f""'f

l mﬂ was added to the assay mlxture from Wthh magne51um i
was omittec (Fig. 3e5a) as. judged by both color lntEnSlty f' "fji\\
nd rad;pact1v1ty | The formatlon oi T*’LA was not a?fected byf;" |
the om1851on of magneszum or the 31mu1taneous nresence ef

X M HDTA and 2 5 mM magnesmum, as a comnarlson of Flgs.'

The 1abe111ng nauuern of CO2 and HLA 1n conjunction.z
was next studled by assaying mltochondrza_ fractlons with'_,..
either (1-140) blyoxylate or (2-14C) glyoxylate in an '

atmosnhere of either air or nltrogen. The follow1ng were

'l'studied: ) 14002 formation after one hour of enzymatlcﬁf

K
i
4
]
.
|
{

Tt e
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“‘}t reactlon.: b) 14“02 fo*mstion sfter tmo

. et . Co - N oo N . N A N i e EEET
Do e
, , e

ﬁ';:ruhours 1n the presence 01 :CA. c) ~ormati_n of

’?H derlvatmves in the assay slxtures lﬂﬂc 1ately after

i:;hone hour Of reactlon. :“hese ml\tures will be'referred to
”’;fas ""ero tlme in aCld" d) Formatmon of DhPW derlvstlvesf o

':*5after .an addltlonal t\o hours 1n the oreserce of VCA“;In~[-"_

*”case (c) PCA was also added ;0 min after the additlon of .

"*?{tne 2 hJDIPn reagent so that the ConﬂlulQnS of crystal

uf;formatlon be similsr wlth those in case (d) ; The radlo-b;

s actlve alsurloutlon after paper chromatography of the
:tf DNPH derzvatlves ’rom the “zero tlme 1n ac1oﬁ mlxtures

... are shoun 1n Fisure 3 & and 3. 7. ELA was labelled when

B¢ 140) glyoxylate was the" labelled substrate 1nd1cated bv
a oroad peak of radloactlvlty at the pOSltlon of DhPs—LbA

'owher the comblete assay was used. A sharp beak corres— '

B nondlng to the sTOw-mov1nw glyoxylate 1somer was ootalnea

_1n the control assay._ That D“PH—ELA was formed was also'

ﬁndlcated by the blue area on the chromatogram, typlcal 0;‘

;‘tnls substance, after spraylng wlth haOH in éthanol (Flg.

3.6).° On the other hano, when (1- 40) 51yoxylate was. th
jlabelled substrate (Fig. 3. 7} the DNPH-HLA formed was not

';Alabelled since only two sharp rodloactwvlty neaks corres—'

“_1ponolng to the slyoxylate isomers were observed. The

+”

————

st kgl e 5 Nt W A ek T ¢ A

nirz .
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Figure 3,6:l'

'Radloactlve dlstrlbutlon of DNPH derlvatlves .‘
‘from the "zero time in acia" hlxtures
‘f;ncubated under N, with (2- c)glyoxylate
.as the labelled substrate. 2.4 mg

of . mltochondxlal £xact;on (from cells
~ §rown in proteose-peptone) were incubated

in the standard conditions,except that .
the reaction was stopped by adding 2,4-DNPH
reagent, -as 1nd1cated in Experlmental
Procedures. (2- Q)glyoxylate (4 moles;

--215,440 d.p.m.) was the labelled substrate.
" The crystals of DNPH de:;vatlves were -

collected and an allquot waschromatographed
w1th solvent system 1l for 26 hours.After.
spraylng with satnrated ethanollc NaCH

' the papers were cut and counted.The numbers

indicate the possition of DNPH derivatives

‘as described in Fig. 3.2 and X represents

an ﬁnknown'compound The complete assay
is shown in solid line;the control assay,

_(no enzyme) in broken line.
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- Figure 3.7:

h “‘CM -

‘_were lncubated under N2 w1th

'Radloactlve didtribution of DNPH derzvatlves
_from +he "zero tlme 1n acld“ mlxtures which' _
(1- C)glyoxylate :

s the 1abe11ed substrate:Incubatlons and
chromatography were conducted as descrlbed in

Fig. 3.6, except that. the labelled substrate was
(1 14C)glyoxylate (189,200 d.p.m.):The complete
- assay’ ‘is shown in solld lzne.

. (no enzyme) in broken lxne.

fhe control assay
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“cho racroactlvc cattern of DKPM'cerlvaclvea were. cne same.;'

_Whechér alr or,., were prcaent curlng ne rcactlon (LablehJF

L S LT S o " d- : B
c} \ -'f‘ . 1‘;é?(f\ v "2
f.'carncn uioxlde evolved a;tcr c01d1flca»10n o*‘trc rcactloﬁ‘l_ f
:Jﬁqwx ureb was. labcllcd Nbe: (l-~40) QlyO\ylate'Mas *h el T
“ddxhlabc led. suo_lggce, ot was not labelWed whe“ (c 14“) ‘:;f,,_ 7;ﬁ_

blbomvlace was used (mable 3 12) “hc lhog 2 evolvec ard L

z. 12 and rlc. 2 8 compared tc “lg p 6). ‘_;.l;_{i,,ﬁ-,gﬁf'f'\\;g,"

. rPhe resulta are 1n accorc v;tb reactmon 2.@ectlon

- 2 2 5) ' mhlch d-hycroxy-@-&etoadlpate (BAA) the"'w'¥ f”‘&'g'
3;nrocacf of the enzymaulc reactzon Wnlch contalns ‘the tao ;‘3_:f;9,'2'
'?ca.con atoms of "lyotylate, produces ucor aclclflcation "-'df'

.prlor “to che addltlon o? 2. A—DHP reagen»; resulted ln‘;-

'»2 hours of 1rcubation in- acid at 30° may resu1t,xn.105ce§ .

“fcarbon lelee from. the'carboxylic capbcn of 3oxylace and

.LA waich retalns uhe caroo yl carbon of'“lyoxylate.' #me -
- N,

-.-erei’or#-.a..i& should b labelled only if (Z-lL*C) glyoxylace*“«

‘15 Ehe 1abc11ed substrate and the ;4002 should be evolved

; o_ y vhen (l—-AC) glyoxylate 'is. the label’ec substrate.;-

- .

Acldiflcatlon or 2 hours of tnc assa; mlxtures

a dlmlrutlon 1n both “the color lntenSﬂty and che 1anel of

: th ﬁLA der1vat1ve. Uncer these condltlons the formatlon
S of the blyoxylate derlvacive was' algc dimd nlshed ‘as can e

fseen by comparmnm Figures 3.6 -and 5 9. It is possmcle that"

Kee e

v et e ﬁ



N .

Toe

‘ng1tochondr1a1 fraction (2.4 mg) ., irom-cells
' f‘grown in’ proteose-peptone,fracglonated by
e method A,were 1ncubated as descrzbe& in -
.QExpgfamental Procedures w1th 4;Lmoles of . -
' labq}ied glyoxylate -as 1ndlcated and 4;melesj ‘ ‘

drketoglutarate The reactmon was carrled ‘out
for 60 min under air-ox. n;trogen .The 14Coz

l ‘1ncubatlons for 120 n after the . adaltlon'

' of PCA.’

%S

. Y §
‘ - &
e " .
. A "' r
-~ :
.. A
- ..
‘e
.

. Assay conditions . .  fiAmole§-l CO,/hr
o ‘ A Addmtlons'” f
e ' ‘ . .. . .None_ ' : . "PCA. ;
KA : ) . ’ . Al S
(@ MC)glyoxylate,a.lr S eees - 0uT3 =
'( l4c)glyoxylate,n1trogen . 0.030 ﬁ“ - ‘0;733 .
(2 l‘c)glyoxylate,alr S 0.000 ;'_}‘ - b,oué”§~
. (2 c)glyoxylate,mtrogenj S e.000 . 0.000 .-
. i ) Lo b BRI R . . ‘. ~a L
' 5ia§le’3;12§1 drketoglutarate glyoxylate carbollgase .-
e * activity under; air'or nitregen. R ”‘;u

‘-evolved at the end of the enzymatlc reactlon .
with no acid added an after further C

- .
—
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"Flgure 3 93 Radlékactlﬁe dlstrxbutlon'of NPH derivatives.

| . from" the "2 hours in acid" as ay - mixtures g
_ -containing (2-14C)glyoxylate as the labelled

o 'substrate Assay condltzons and. chromatography

were - conducted as descrlbed in F1g.3 6 except
that ‘the .mixtures were further incubated for
2 hours in PCA befor 2 . 4=DNPH reagent was
added DNPH derlvatzves from the complete

'..f;,;);' \ |

assay is; shown in complete llne,those from ﬂfl ;;
the control assay -{ 'no enzyme) in broken

A l:l.ne. o . ’ ‘




'7:tuo hour% ln acl a. o e

>

T for lLA ana Qlyoxylate.\ chéve4 v13ual 1nspecu10n of th
| roma.o;rams Gld not inalcate a simllar reduculonhxnjf,;;ﬂjf'“
‘;7‘color 1ntens;ty of the areas representinb the DYP“"

‘*;;derlvatlves of<x-ketoslutarate and tnc l compound after §*~”

-

Jhen the mltochOpdrlal fraction was th enzvme

'VlSOurce somewhat more of uhe D\PH-\ c0mpounu was obtalned

'1n comparlgon w1hh.hhat obta;ned when uhe uotal cell

extract was usec, nut thlS sllﬂht 1ncrease 1n the 1ntensity

"'of thc blue color was not accomnanled by an lncrease ln':xif"

. radloacu1v1uy.

'~;f . “Phe’ q1str1but10n of the radloac»1v1ty of the D F
'derlvatlves on,paner chromatobraphy Wluh sclvenulsystem

‘_l obtalneﬁvmen elther mltochondrlal or cyuoplasmlc fractlon

.

of. rat llver were “he enzyme sources for uhe.x-ketOﬂlutaraue."
' glyoxylate carbollaase react;pn and (U-qu) glyoxalate

-the labelled substrate, has been reportea by Koch et al.,

(1007) Two blS derlvaulves (osazones) were obtalned._

‘mhe slow-moving compouna was - ldentlfied as’ the. DNrH
"derivative of. HKA by assumlng the same pronertles thh fhe =
; synthezized DrPh derlvatlve of Q-hydroxy—@—ketopropionaue o< i

' -;(tartronic semlaldehyde}. The" faster—moulng bis aerlvatlve




ﬁ';source and crromatobraphy accomplls eo 1n ‘a. elmllar eolvent

1356

"-wwas.subgosteu oo e the D (PE-HLA Sotp con poundsterexx- '
jr»d-orown “nu turnud blue after soraviﬂU be nﬂoers vltr
ﬁeethanollc mOl. The same tmo his dcrlvaolv S have beon R

ﬁfjreported whe - 1oochondrla from plants were the enzyme ffjf_{ﬂ,f;f5

“e }s3stem l (DaVLes and'«enworuhy, 1070) "°hy51ca7 and chemlcal ". :
“icnurac»erlzatlon of one producte uas accomollsneo b.~ e
;;obcnossberb et al., (19?0) after isolatmon by column
Lsrcbromato raphy ;rom mlxtures contaln n& abouo 100 foWd 57
i:purifled carbollgase.__ he products were identl“leu'as ELA
* and a,p—ulhydroxy—k-ketoplmellc acmd (nﬂPA) and 1t

zfsu gested that the DhPF-qKA detected by (och et al., (1967)

-.l:':‘.;i;('l‘)g'jf )

r‘mlaht in fact ve: D\PH-R&PA. ' :': o ‘-T,'_; e

‘ ‘, 1='rorn uhe'experlments reported nere lt Lan be
'.concluded thae ome bls oerzvatlve obtalned as the
.major comooundﬂln our chromatograms u51n5 solvenb sdstem 1, -

‘ana whlch overlaos Wlth the slowest-mOV1ng ofrfhe“a

n”glyoxylate derlvatlves corresnonds to the DWDH nuA in

agreemert w1t% Roch et al., (1967). However identlflcatlon .
"was obtalnea also’ Wlth 501vent system 2 and the use of
,syntheslzed authentic HLA. The- slo‘r—movn.no pig

.‘-derivative (DLPE-X) which may correspond to the slow—k

-.moving bis derlvatlve reported by tbose worﬂers nay not

2

AW,




| ehlst._ It 1s‘wcll knov

BN

hoxeveA be DTEK—RIﬂ ‘aa su* cstcd bJ {obﬁ et-al;,

“,{1067) by reaﬁon oF bhc followlnb consmderatlons"

'D Tue Dan-h c0mnound (presumably *he osazone

of ZLA) dld not dimlnlsh afte* pr0101*0d starcln" 1n "‘ji ff"

. -
ac;q mecluw as ould‘be ex“ectea frow 1ts 1v°t30111°‘ 1n

!

ac§d‘" St&u@d oefore (rl ;.3).

‘ ‘) An osazo e of BHA 1tsel canno»,‘in fhct -

p-keto aclds °*e unstaole
cbmnounus anq the extenalve evolutlon of-uoa upon

aclulflcatlon (or adéltﬂon of &AP) of »ne comnlete reactlon

1xtures sunpor be uresence o? a.p—ketoac;d as the ﬂrlmary

enzymatlc nrouuct.' AAP whmch catalyzes the decarboxyLatlon --":

of }KAAwas fﬁrst studled by Kaneko (1038) 1n connection
w1tr the catalytlc deca_boxylatlon of acetoatetage. :Az L»-'

e*zes of other heterocycllc dlamlno compounds have been
demonsurated to oe actlve in. c:e:i:alyz:.nrr the p~decarboxylatlon
of acetoacetate..,”he mosu active were oerlvatlves of

anulpyrlne such as l-phenyl-3—hydroxy—h-am1no pyraz010ne

(5)-1m1de -and AAP f—§E£§§§Ti '193 ad 'obse;yed

that ethylene dlamlne and o-nhenylenedlamine decarboxylate
ﬁ-ﬂethCldS more readlly than anillne (Table 3. 13) but’

m or n-phenylenedlamine were scarcely active'as anlllne.

.

[
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. Aminoantipyrine

~

Ethylenedlamne : - - o R

NH;C\-; ug N,

v \-. :

‘i 0-Phenylenediamine. Sl e /\ NH -

N A
' . ' .. ‘-' LT *'.\L. “ . .
.

/__

o - 2,?fDini‘gfpphéhylhydr'aziéne R N H NH\—__/"NOz

Table _3'.1.3.- Am:.no compounds capable of catalyz:.ng ‘the

decarboxylat:.on of (ﬁ-ketoac:.d. N

‘.

\ .‘
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( for “ev1ew see Lﬁa nateu 1ORO). Hence a secona amino R

- _3roup-in: '“bbourlﬂg H051V10n cnhance* tbe necarboxy‘a*l

'3second amlno groun was nresent in tne molecule as in - .

*effeceive ane the catalytlc pewer was increasec when a

'.Factmve as, o~ phenVIenedlamlne._'QV:“

'actlve 51te of decarboxylases seems to he ah’ essential

o

_ acetoaceeate bv‘ gome amlno comnounds indlcauea that the
fhete“ecycllc comndund such as AnP were he most actlve ;7}”'”

“ ‘,_cahalvsts..ﬂn 11ne at tne same concertra*won Wae only sllghtlv.” s

'.*.“

.nhenylenedlamlne. nnlline at hlgher concentraulon was as _f

v

i e

It hae a_so been shown that amlnes (:yerrun and

‘f_mothschlla 1959) as vell as lyszne and polylysine (Rohlflng,.'f] o

A-l°c7) catalyse the decarnoxylatlon of oxaloacetate to pyruva»e."f'

'Tﬁ “urthermore the presence of an amino groun at’ the

feature of these evzymes as has been shown vith acetoacetate

decarboxylase. ‘The decarboxylatlon nroduct acetone was fouﬂd

to be, bound 6 the '—amino groun of a lysine re51due (by

- Schlff base) (:?estheimer 196;, :rarren et al.,l 66). :

) From the foregoing it seegs pronable that the 2 4—DNPH

reagent itsel: used for the formation of the hydrazone and-.

"osazone derivatives in our’ reaction mlxtures may also

4

'fj!actlvlty.;“ sro“n in mable ,._A the CO2 formation f*om ”';;T;-ﬁ:"

..
S-S S
¥



;;;o-M{idJAmlno-antlpyrlne
o M{IDdl-Phenyl—B-hydroxy— 1

"‘ ;?ﬁin:o-Phenylen dlamlne fﬁrrt

“.Time 'in min..

"Amzno compound

K "S

4-am1no—pyrazolone-‘
giS)-lmlde -

"-‘;ﬁ/lbihnlllne1ﬂ:w'

;:Mi.‘.gnlllne.

117,15

2028
'Vfgéljs'ff'
o.as
345

TR
- 22.25

 '5.65

20.85

6. os“
0.90

23.7

23 051'
"»s 80

©9.15

l'f 45*. A

30

1.0

‘;fTébie_S.Iio..coz formatlon in, ml from acetoacetlc ac1d‘

" _ by amino compounds.

0. 5 ml of 0.1 M catdlyst solutxon plus 10 ‘ml’
_of 0.5 M acetate buffer (pH 4. 2) were mlxed

140

24.05

2330 .
10.80

C11.200 .

with 1 ml of 1 M sodlum.acetaacetate solutlon.,_ o

CO2 evolutlon was measured at the tlmes o

,lndlcated at 37 . 100% decom9051txon of
acetoacetate should form 25 ml of coz.
"( .£rom Akamatsu,lSSO).
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ity

o caualyac t%c MccarbO\ 1auion Oa-va bv'v1rtue 0f the"

‘.’nrc'c ce of the nyd zino sroup. Obazon farma 1on would

eL__1:.17.-@:1 ‘o lo w. The duch smﬁforhthc form io of 08 aaones-~
oo : ‘ T ’ . B

bt +

"wwis'ndthOSitlv ely: eluc1 ated qu one 'e 10" nronoseu oy

n:.fey 104O (fo- revlev see- dl abauom, 1005) w,icq ' 7,.‘:.‘17"

1nvdlves a serles of Amadorl rear*an;e onus lS p“esentec \jgf,i“'V

belows

eEe f" HC»L—F?—Ph. s hC-\Bk - h o EC=RE. C_RNFPh
;I- I&i*HPh Lo R TN
R R g.5-:-”x&,; koo R p 3,.;r

- . .o o . . - . - .

N T e Dl  ."-ﬂ‘HH—?n

,'k})‘ Ji' ;; (é)if'; “: .'1'":(3)‘ " :(&) “ :. i??)ﬁ' !

.A‘o-"

One molecule of phenylhyarazone (2) rearra“ges to uhe;
hydra21no enol (;) whlcn looses anlllﬁe to r*:We “a keto 1m1ne
() and yhe later reacts w1th ‘two molecules of Dhenylhjcra31ne‘f .

o yzeld the osazone (5) and ammonia. ;';'4 Ce

By a.nalogy, in the case of IIK.A nelow éhoiization of .
the phenylhydrazone (6) would be accompanied by decarooxylatlon
“to yleld comnound (7) and.COZ, and thls would be fol1owed

by ketozmlne formaulon (8) and. finally formatlon of the
osazone (9}; Hence, osazone formation irom EXA ‘must be
. ¢ bR . ’
. N
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L accowparlea by c601roo ylaulon ana an osa one éflyﬂik‘

it“ﬁlf cmnno+ exis t.‘ One Would e\pect.thcre’are tpah'iﬁia[f5 S
.”Ti the ceca*ooxyla 1on of rLA bJ ,CA 1~ reaculon ( (sectlor
E 2 5) lS furthcr enhanceu after the add*tlon of »n

2 Ly D"”: reabe ' |

;_ﬁag;;{:a;

couda:f CHGOGE L LS D
S EER s e e

cnOh.:u‘f " CEOE- ¢ ., CHOH: f“{] o508 :*\\sl HC= wn?;DNP
1 A | ‘ b T Wy i)

P

| - . CONT ]
=0 KﬁaKEDhP ¢ N-¥H-DKP, ' C—”ENV-DhP R ".‘ﬂC_\Nh-DhP B

c;-_r ‘ .»! ————> CH“—"_> ‘CR, — > CE
2 . e e S e .
‘032~ e a-Cna i ['J,'CH e BBy VCH

| N - G SVE L A,
COOK -. " . COOn o Jcocp - COQE coo& *
L ERE © e @ (9)

| f:; In fact it was found and shown ih Fégyre 3‘*1"0"t ‘lf S
: tha* when (l-'gc) EKA enzymatzcally formed in- ohe comﬁlete .
-assay - mlxtare w1»h (1—140) glyoxylate as the labelled
substraue, was treated Wlth an acid solutlon of 2 4—DRPLl"
(0.5% in 2 HC1) 14002 evolved at 15 min was 142%
hlbher than uhat evolved 1n_the presence of HCL alone or.'

pPCAialpne. At tnat time forma ion of osazone (ora o ';;

Lcrystals}awere also observed. Some reduc;ion in the rate
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CPO

o fractlons were obtalned Qy method B (seqtzon 2. 2. L) The

-

' O2 evolutlon was" notou when‘ q-dh-.\rea‘e“t énd CA

ares 1n arrecncnt Jl_r'

'.were adeeu bo~ethcr. Our resu_t
. . 4

'ewﬂerlments dGSCflJeQ by Rhffo‘et

10623) 1n which - e

:.both oxalomala e awd p-xyarom‘me yl oxaloacetate *eactea b; f.>

' Wluh 2, Q-D“LP w1th llberatlon of CO2 and the forﬂatlon of Lt
'-;tne corrasnon“lng phenylhycraaones._ "“" o S o
e "r\rbm? S )
B LRI 1 S _ :
LR f 012 o Caithuat R ..(C\a CHaOh ._
R . Bl c#mr'-mw .
Co ’ - - z -. _I ) 3. ¢
cOo*‘ e --.‘-,cocm . .
ﬁ“hyuroxymetqyl- ol s | -ﬁ !
oxaloaeetaﬁe aczd. e >

. - .
- .

- .
-. . 5 T

dxperlmental proceuures. -Cells g‘;."ow»"I i _syﬂthetic'

.and nroteose-peptone medza were usea“i‘niuocnoncrlal

- -assay conaltions were as descrzbed in Methoas (BECulon 2 2. 5)

- w1th.g,pmoles of "lyoxylate and h‘pmoles ofﬁrketogluuavate

~4in. an atmospnere of nitro"en or-air. - Om:sslons are

-

indlcated in the legends of th Eigures.  Aftgr 60 min of -

- .. PR .
~ 5 . .
- . .
: : : t . . . B
. - - . L]
. . . . 1]
SR o ' H
- . - o
) . J e
* . N it
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"Sectjon 3.6: FURTHER SIUDIES ON TEE GRTGIN OF, THE DRPE-X. .




cy o . . K . . ) . \

1ncubatlon, 2,4—D““? rea'cnt was: auced £0. ,he'reaculon
A

‘\..'

LY i

-;

mlx u“es._ LuA was” alao aaued a‘ter ab p mln 1n orqer

gto‘rc rouuce le same acwd conultlons as in tne erevlous

g-1~

‘exPeqimente;_ Y e crvstals o; L derivatlves were c.l’ecteu

as ecscrlbeu 1n eceﬂou 3 5 The uriec D*Pr @erlvaelves

A}

s .were u;ssolved 1n 0 5 ml of Gthjl acetate unc tuo O 2 nl
'a11auous were apnl*ed oq dunllcate serles of naper curoma-.”
to**ams 1n solvenu system l. The naner SurlDS of one serﬁes

C v N '

ﬂere sprayed wlth saeu“a»ed e ‘anollc haoh:and cut-eor 'ijf"":f"

5e‘countﬂn 1n tﬁe llquld sc1n§;_ tlon counuer (ibction e'f?g':_;: =

1 2 2.10). m"e Dﬁ?H—X was ewtracted Wluh ethyl ane»aee ;':;Q;Q‘.

-;f, (seculon 2.2. 10) frOm tbe seco“d serles of cnromato*rams

and recbromaeomraphed ih solvent systed i.i‘The Du“H-X-wae
\flna_ly emtracted from le e napev anu a»we uraef hif#pgen - -i»f
and tne dry res:due was alssolved 1n O 5 ml ethyl acetate

from Wth” 0. 2 ml werexdrled ard dlssolved 1n 0. 1 ml 10 il

a2003 for counulnf in Blo—Solv (sectlon 2.2. ?) and oba ml

‘.

. were drled and d15501jediﬂn l ml in NaOn and »he absorntlon

\ measured ab 553

Ty - nrocessed in th same way and results on tﬁis will be -

.presented in sectlon 3 10. o

w,




"xesult anc ulscu3310n. ;with'fracticnatién procedufc

B uscc to obtalﬂ ﬁl.cchOndrla fror'cclls ”ro"“ iv croteocﬁm

-' . -

13“eptcnc arq“;vﬂ Letic medla, & sig nlilcant Llchrehce in. . 7

~

'~che,amoaut of cqe uncvown compound crmed was noted -as 15 ;.

» N \

—

‘4j"f*f. -clear E*Om glgure 3.11 h:s dlffe“ence w@s reflected bott;‘g

L N
P ln tPe Wp smty o; ~lue cclor fcr atlon anu radloactLVIty

. oo P e .

_[on*cne cL"OWacOFrams ard vas ln faVOur of che precaratlon-if

v

K ootalned ;rom cc‘ls ¢rOuA ln the byntketic meclww o abcut  } ff

'4”203 1n terms of radloact1v1ty. ' 1a“ results were.

-

'f'obtalﬂed ukcn 1ncubatlcns were carrled ouc in an utmosnherg

Moo - W

L of nltrowe“ (not sno'n). T e formatlon o c ccmpouna was

,;dependent on. TP? and.q—kecoglucarate as onstnated in {f

"'m- B

. F Figures ;.12a and 12b respectlvely.._@né carbc’xsase

' act1v1ty wtsqgf was sowe'bat hi"her 1n mlcochOﬂurla frcr o

.

cells grcwn ih croteose-pentone (mable 3.1;) Alt oubb

T SOme carbclmfaoe act1v1ty could always be assayed 1n super-
. . ——t .

. ~ o
natant fractlons the unkﬂbwn ccmpounc was always oOSE”t AL

»

‘s

,As shown ln secjlon 3. 5, 2 hours 1ncubat10n in acid. _}f éi

nrlor to the adaztlon of 2 h—DhPH reaaent d;ﬁ nct_result ln

- a dlmlnutlcn of the counts of DVPH-X ohtalned froﬁ cells- : j'_,'p

: grown in synthetlc medlum. . f \

_,-.

When' the DJ?H-! was extracted after the second . "-1‘

;:féﬁfbm?toéiﬁ?hy énd'its'absoyptlon;at 550nm and radioactivmty
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'Radioact1VLty dlstrlbutlon (solvent system 1} .
Mof DNEH: derxvanves from .assay mixtures contalnlnq-

‘-mltochondrlal fract;ons ‘from ‘cells grown
'in- different. growth medlumJ’M1tochondrr§;‘.
ffractlon (2.4 mg) . from cells-grown ‘i, L

.proteose-peptone and from synthetlc med;um

‘supplemented w1th acetate (2.2 mg) were o

fV incubategd in. the standard condztlons under N
. dir with 4imoles of(2— C)glyoxylate.lu‘c‘.'h

(215 440 d.pe m.)" as the labelled substrate..
After . l—hour 1ncubatlons, 2 4- DNPH reagent

*,was added and the crystals were chromato— o

graphed in solvent system 1. The papers were f
sprayed- w1th ethanollc NaOH and the cut ‘ ‘
and counted . a)From mltochondrlal fractlon‘

7'_ohta1ned from cells grown in proteose-peptone

‘wb),From mltochonf

21 fraction obtained from
cells grown in s 'iEP' medium supplemented

]

i

wlth_acetate( Fo

e
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T . . Figtre 3. 12'.' Radloactz.v:.ty d:.str:.butlon (solvent system 1) _
o B : -?‘~of DNPH derlvat:.ves from assay mxtures in

. which TPP or q-ketoglutarate was - om:.tte '

'Assays cond:.tlons and chromatograph -

those descr:.bed in E‘:.g. 3. 11 except that

) TPP was omtted (a) or Cl-ketog,lutarate

. ' was omitted. (b)., from the’ reactlon nu.xtures. o
gfc - (This f:.gure is to be compared w:.th '
= % .. . -Fig. 3. 11 b) ‘ e
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':a Growth medlum and o '.__." jimoles 14C02£hr
gas phase in assay -“1-{ZZNo TCA—AAP- . TCA-AAP
Synthet;c, Alr . ;; lf' “ . 0.030 fﬁrisch \1.059 ;J:_
Synthetlc, Nxtrogen o {KQ;Oiaf.fff' E f'i,oésﬁl o ‘
‘n' Proteose—peptone,HAAr'if 'ﬁtQ-Qsi- 3 5 :.'mi;$23”“ ~\‘=;‘:F*ﬁal.

. ;Talfle- 3.15:

<

i

-drKetoglutarate glyoxylate.carbollgase e

act1v1ty from cells grown 1n synthetlc or

s, .

:proteose-peptone medlum.

; Mltochondrlal fractlon from the synthetlc

. e

' -medlum E acetate ( 2 2 mg) or from .;" 5-.:1":

' - proteose-peptone (2 4 mg) obta;ned by method B

“but contalnlng 4;1moles of (lf C)glyoxylatef
. (189, 068 d‘ﬁ-m.) as the';ubstrate 1abe11ed.-~‘,'/

were 1ncubated 1n the standard condltlons

14002 was estlmated after 30 mln of lncubatlon

and after the addltlon of TCArAAP

R PR




'3Substrate labelled _' 0.D. /ml 4. p m.' dfp.ﬁ.f* ;-Ratzo - o
"fand gas phase ':f."_‘ ‘-550nm ' ;__ . _per;1}312;‘52- C)glyoxylat
R P oo “?‘Q.D/ml‘ - l(l— C)glyoxylat
- (1-%c) glyoxylate,nir.  1.312] 2,337 2,337 o

o T - 'l(‘3'",0.1.'10‘)_.5"' S

. -"(2;‘1'46)9?“1"‘5@19‘.‘;5"‘555@? ‘1-"2'0,5“‘.' . 2 'éa7 _;3.".,,140'; s \,1..34'_' |
- (M) qiyony late:'Nz:“ ER e 2";%.7.‘ ¥2,400 2,445

:.. g o (2- C)glyoxylate Nz T 1"__'.'1;;'-,-‘, . 2'950 ) 3..'256.0‘_': 1;133.:\

',Tahle,ﬁ.isﬁf Labelllng and yleld of DNPH—x.when (l— C)or |
I {2~ C)glyoxylate was the 1abelled substrate. |
o g . ";Assay conditions’ and chromatography ‘are- descrlbed
o f‘:j'“‘ef . in the legend of Flgure 3.11. DNPH-X was
o ' ﬂextracted gfter the second chromatography and
" . the. lzght a.bsort:.on(o D.) and rad:.oact:.v:.ty
y'were estimated as descrrbed in Bxperlmental
Procedures Figures 1n parenthe31s correspond
to the area under’ the radloactlve peak of
DNPH—X from chromatograms from another experi- =
ment The d.p m.. have been corrected to the _
same spec1f1c radloact1v1ty of glyoxylate 1n
'in the assay mixtures which were-
215,440 d.p.m. for, (2-- Cﬂgiyoxylate and o )
189, oss d.p.m. for (1- c)gly};xylate, Lo 9
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xhverc 1c"°ured ;* was ;ounLK*'dt *Pe compodnu vas lgb llod .
‘.fwben e1uher (1-1*6) or (2- 40) 5lyomglaue waq used as we

labcllea sub rape. ~“e raplo of ,np counv$-awsoca tod‘f"'”
DU T AR : T
Cwith it under those COPu&tiOﬁS mas l 33 (Table 3-1 ) under. -

,_eitﬁet-ai:;?r‘nmtro;ﬁn uuving tne assag cox QlulQ”S. jA.’u"-

7'Siﬁilarﬁratio was obtalned wben uhe ca]cula»xow was uone
‘r ctly ’r0h the alst“loutlon of radloacuLVLty on- *“e.“

qroma oorams (flgures 1n pa;cntnes;s 1n ;ablc 3: 16)
ths rat;q, belng near l 1nd1cates tnht voL) carbon ,“i

) - ~ ) N
aatoms of tne 5150XJlate molecule aere 1ncornova*ea in :- _l.,f-at‘

'gt e X compound in accora wlbr uhC resu1ts o; moch et al.,'
(176?). Lhe unaﬁOWﬂ connouna cannot be ~KA for tné “easons{"
-dlscussea prev;onsly .The fac» thatci-teuowluta,“te and

L

, “PD were requlrud for 1ts formatlon, even when *he ca¢oollgase;g

' aCulVlty uas SOmeghau lower ;rOm cells rro:n 1n tne s;nuh tic -"._1..ﬁ

-'mealum, su"eests u“at uhe formatlon-uf thls compounc.maj e e
Hassocla»ed slth the carbollgase reactlon. _Lhe oecondar '-;
f:product detected by Schlossoerg et a_., (19?0)ﬂ HRPA maa ne
possmh“e candidate. Thls comnound ?ill glve a’ raylo '.3"f'
(2 Lhcs 140) equal to 2, however, if thA was also fo*med
from the unlaballed VK& also present lﬁ the T‘ea.c’c:Lon ;'
__mlx»ure, tren the ratlo woula he swalle" tfan 2 as snomn .

*

below.'
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It 15 not obvmous wﬁy thls compound does ‘not ‘;A.:
,"aﬁpéar when mltochondrlal fraction from cells rroun in"".n
proteose—nentaniameaium were used as: ‘the enzyme source.?

It appeared only when mitochonalral ;ractlon from synthetlc'

. mpedium wagluseq..-




: : - Lo i
- N .
o sectiom 3.7t -;_.:1:1::‘,1:8' 0¥ e ET0S w;\. .\':‘“:.J.Jfox:m
: . PO .
; ? l ‘-Pro reos curve.‘l the activltv was 11near up
t,:.*f*tQHSO.mln under tbe standarc assay conalthns ( Fig. 3 lp)
'gtﬂlLVWH.w‘ ? 2.. Enzyme concentratlon curve.» Thﬂ actlﬁitj was

‘.iﬂlmnear np to p mg of nluocnonurlal proteln unaer tne standard

S assay conultlons (rlr. 3 1@)

"bvoad pH ranue from 8. 5 tQ ? 0 ana was ﬁ}o active at np ? 6
"fana only gau act1Ve at pn 6 0 1n the nresence of potaSSﬂum
' nnosndate buFfer at 50 mﬁ flnal coneentrat*on (Flg ; 15)..

. o alfterences were ooserved ‘at pF 7.0 when the phoephate
"ouffer varlea from 20 to 60 mN 'j *;‘ 3 n';; ,f ;

-
-

“‘7 L. . Effect of glyoxylate concentratlon., A normal

R :-hyperoollc dﬁrve was: obtalned mnen clyoxyla.te concentraulon;

v from the double chiproc nlot of substrate ‘concentration

,f- ’ versus 1n1t1al velocity was 5 mN in tae nresence of l mm
o -¢ ketoglutarate ("b.g 3 16) .'; :

3 7 5 : Effect of drketoglutarate concentratio ;A f

_“normal hyperbollc curve also vas obtalnethhen drketoglptarate

. ~_ s
Tlee. - . - ‘
oo - - -
‘ \ f’“é“n‘i‘ . .
AT ~
- ‘ b ‘- -
. . .

;.? 3: gﬂ curv .;“ q’be: actlwitv'was ma31mal over a U

s up to 2. 4 e was plotted versus veloc1ty. The K calz%ig#ga’*""-'
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Figure 3.13: Progress curve Mz.tochondr:.al fractlon
' o T (1.2 mg) obta:.ned by method, A (sectmn 2. 2' 4)
. ‘was :.ncubated in the Bta.ndard conda.t:.ons PR
o .. - {sectiom 2.2:5.A) w:.tl'\ o=( l- C) ketogl_utarate '
: S © (113, 228.d.p.m.J. After ‘the :Lndlcated t:Lmes '
. . N J; - N 1PCA was added and the 14c02 estlmated o,
* Figure 3.14: Enzyme concentrat:.on cunrg. Da.fferent ‘
. o " amount of protein from ochondrlal fractz.ons A
v - o obtained by methoa - were i cubated :Ln the -
- ’a ' standazd cond:.tlons (sect:.on 2. 2 5.4). ‘with .
"‘g. - (v-*0)'g1yoxylate (300, 000d. p. m.).After - .
_ E 1 hou_r of’ reaction PCA was added and the ot
g% 7. J“"'CO?_e-.s'!::l.mlated. =~ P SR '“—
;-L;; X : Figure' 3.;5: pH curve. The enzyme was assayed as descrlbed R
= ' ' in Figure 3.14 and-the pH of the potass:.um -
X ) Iphosphaj:.e buffer was var:.ed as :Lnd:Lcated.
' The prote:.n present dur:.ng the assay was
e h Cc3mg. e
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Effect of glyoxylate concentratlbn on

“‘the 1n1t1al veloclty ofci-ketogiutarate-ln
-Jliglyoxylate carbollgase reactlon Mltochondrlal

' fractlons 12 9 mgk-were xncubated as f*f- s
‘descrlbeé ;n-Flgure 3.14 except that _' :
_glyoxylate was varle& whlle hﬁfplng the o
.spec;fzc radloactmvxty constant. q:Ketoglutarate S

was’ present at a flna%ggyscentratlon of ft e
1 mM The data were plotted accordlng to v |

Lmnewearer and Burk (1934) jﬁ'- B .
- o R .. "" ‘&- * ot

Effect of ketoglutarate concentratlon On
the 1n1t1a1 ve1001ty ofti-ketoglutarateq.-
glyoxylate carbollg&se reectlon. Mltochondrlal a
fractions (1.5 mg) were lncubated as. -
descr;bed in Pigure 3. 16 except thattx-keto- ,
glutarate was varied. Glyoxylate was - D
present at™a flna;,coneentratlon of 1 mM..
/,‘ A‘.‘ . . . . . .‘.v. (‘A . -
Va0 T .
- L TI B : )
e : . .
- -t ’ 2
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. enzyme. Tthpurste of % is sec»ion is t' nresenbjexperl-l .

0 0.EC o inthe pr sqndegéf‘l, m ”’3otylate (¥ Fig '5.1?

L

in the litera*vre 1or pﬂ“lf;Cd auu nartlally uurl”lea

‘Section 3.8 . ATTSMPTED FUR Irzcahzor O“‘d-ﬂ OGL""A?A“?-
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cond ““‘ra n wﬁS'var*ed.. The‘l{r1 culculateu fr“n the alots "o

of suustrauc conpé. ra 10n versus- 1 1t1al velocity was
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drnEhO$1UuﬂTduQ'”l Oleduﬂ ca*boWLvasc 8CulVitJ are L" tle

™ o «
Iy

‘ranac,c; Do 2- .f.ag Tne K values reporwea in- a feﬁ .-dft;:{f

adc always snowed tnat' be cnzywe Las a Pl her a*flni v

rur dr\e“owluuarabe‘tnunofor ul)omylate. E eq though our»’

-

u'if'cd t:ese constants are culte 1!

e .
s - : - A

oreya““ 10ﬁ w .S not |

P
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SR heA;* rog ucwlon

$eétign_l,1 B). ¢tuu1es 1 a;cat e th t,the‘carboll“ase
i

ST

t
(

n" / -

L reaction is.an ac ivit*-of drREtO”lu i? te' teca “soxJWaqe and .
Lokhis matt--<«111 oe ngCuasec ln mo“e, \1 later qn.-W ﬁfﬂ
B SR ‘_“,vf;- SR
Isection*Sugg,',3:f.¢ L _h-.gQZIf\5u~-_ Lol

ane“lmental procadure&,{ 1tocn01cr1a1 fracuxons o

gr \'.-‘

Iro“'cellu L,ros"r ln nroteose-neptono meu;um were oo»alhed

by meulod A ov 3 (uec on_u.a h) anc were, kred at -1‘0 '
R ¢ar' qrce days.‘ ”be preparaulons were t“ '. th wed ouu ard _
M '. L4 . i } ) ) i I

. treateu &8s OUullneQ‘Qelgw._‘  7; SR  \;_  {i_‘T,h |

: (i)"FreeZing
B e
-achieved by imaer

" thau1nﬁ- - quick freezing aﬁ_-kGQ was

i _fracti¢n‘in acetol ,for 20 mln, anc then thaulnd under
- 'an 1ing tap watéf. Thls Drocedure was reneatea tnree
tlmes O lm Trm»on -100 was present curlhg thls treatme“u

a o - . .{;."u-

-

.

: . ! . ‘.‘_'- . ...' S ‘
(ii) Sonication' the mltOChOud“l fraction was sonlcatea

. - o

y at 5 acycle fOr jv sec.or 120 sec i. tuves irmersea in, a
- _ﬁ_r4~. S
mlxture of water and 1ce. ' i
; S R S ST
. Qiii) Preparation quacetone powder: : Acetone powder _
. - - e LA : .- ),

- puppose of cstab1¢saxh' co:félation?be ﬂ*en'th-n“wo‘actiViT-

ing-tbewtubeé'bontaininritﬁe mitochonériél’“'

“ 1n some exnerlmehig. ST -y . : .'=.<-
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*.{from| i ockouaria was~oreoareo oasicall* as dLSCleEQ hv C

"qunaalus;(10553, as’ follgiz Vitochondr*al fraction

T

-

'anbtained by metmod 3 was § spended i 20, i a—ohnephate

‘f:buffer,QP ‘c;_suoolemcnted vdth 1 mm uhn.AT.'s‘susotnoion
“uas adceo slomly Vluh magnet c- stirring to ’“. '
‘volumes of acetOne orériHBSIy cooled to —20

"~Dufing this orocedure tho beaker concaining tho acetong

&

B vas immereed in a mixture of ice and sal (Vabl). Afterf.f;i;;?

"aboat 1. min the solvent vas removea by filtration in a
: 3

Ff“uchner funnel uSing .hatman Nol filter naner and the

'-u'precioitate was washed with ZO‘ml of acetone at -200

”i-and dried on: the filter. THe filter paper was . then trans-:fffl'

- ferred to a vacuum de351cator containing ohcsPhorus
'QJpentoxide,where it was stored ?nder vacuum ac -15- until

7further'treatment.u“xtracts from acetone powder were |

a‘obtained by suspendwng the acetone nowder io 50 mP

-f;n—phos;hate, pH 7. 0, supplemented with 1 mN BMEt nfter
"pogenization in a glass homogenizer the suspension was
N stirred for' 60.-min, at Oo and centrifuged at’ 14 OOO Xg for_f
60 mig- (Koch and Stokstasah,1966; | R
| Isoelectric precipitatioii}romlthe acetone pouder

extract was conducted by drOPW1se addition of 1% acetic

acid a OO (Seaman 1953). The precipitate was susnended



\"':obtalncd.- A;ter 20 mln tne 501Uuio uas ce-;rlfurea at

»
-

0 .
[
-

Sl S ‘ : DT
ina's small volus of 20 sl mrohosnhate ‘uffor,‘nh 7.0, -

[l

_supﬁleM o e& fits }'mﬂ,B&L.;_Thc supe a aa AluLe *as'

pry

‘-nhuurallzed il K JeCH. ;:__jgu, s-;~”"= R “

ummoniun snl“hate~rractionatlon Sol*u anhonlum

‘ffsulﬂhaee wale a ed elowly w1\‘ m ﬁ,etlc stlrwlng to

fextracts from ﬂceuonc noneer urtil 601 saturatlon aas %,Q\f}‘-*ﬁ

i:”lk OOC*;Q fbr )0 min._ The sunernatan» fluld was dflcamded
'hanc tne nellet uas suspeqded 1n 50 Tl K—“hOSpnaté ouffer,sjs

"p“ 7;Q;-Wluﬂ 1 mﬂ BME ana dlalyzed overnlgrt avalnst 530

1;voluges of ehe same buf;er (X och aiStoks»en . 66;

.Salto et al., l¢7l) o

.

. _q"h;u A

&ssay of d-ketouluuarate glyozylate carool sase - ana

'drketo ldtaraee decarboyylase were ' nerfo*mea ess tid 11y

Aadrw ShediTy

as desc*1bed in Neehoas (sectﬂon 2 2 5) ' ,:'f ‘:' . :j'f j)”

-
F

\ . . ;

Results -and, ai”cu551on. lhe effects ‘0f - freez1n5 add

md’

ethaw1rb

y
ofsonlcation.on‘i—ketoglutarate gljox 1at7/

-

carboligasef .d d;ketog1utarate decarboxylase are shown S :", 'ﬁ‘
in. Table 3, 18 h rT‘hese actlvities assayed in thawed mito- | |
chondrlal fractlon, whlch had been kept for one week at

—15 were. not changed 31gnif*cantly by further frcez*nb and

tnawing or sonicatlon for 30 sec or 2 min.,




i
- e woo
e N S Unlts/ml : ,
- Treatment ; .~ _"q Ketoglutarate-' e ‘d-Ketoglutarate
BRI I g;xgxylate carbollgase decarbcxylaze\

) - K B .
1 Mltochondrla f;;.-f'." 1. 280 100 . 980 100;

: ‘Supernatant fluld o -lp,2807~_ S22 T 0.220 ,“'22[;
\ etmltochondrlab S0t U ciu2e0 88 i 1.0300 105

;t Mrtochondrlac . ,1‘r7‘:‘°fftf,;‘. :fﬂf iy _ |
30 sec ”'s.\.; UL hii2a0 T 87 T T0.980 -9 Lo
" 170 sec o v in.22000 - 950 7Y 0.860 .0 88 |
T S G f~"#;i~,”"' I
e E -;Tablegﬁ.lpzv Effect of freezlng and.ihaw1ng and of sonlcatzon B
;-ﬂ*: 4"7Rfufi . om drketoglutarate“glyoxylate carbol;gase and’
.?:_ :'vdﬁ " on &rketoglutarate decarboxylase actlvztres.
: "-Mltochondrlal fraction obtalned by method A;whzch_{
) - was suspended in sucrose-phogphate-BME solutlon .
' ‘._f'- "J.‘(sectlon 2.2.4) and kept frozen for -one week
SRS at -15 ,was ‘thawed and subjected three tlmes .
; " to freezlng and thawmng or to sonlcatlon at 5
kcycle for 30 sec or 120 sec. An aligquot- of the v

' thawed mitochonc . fraction was. centrlfugated
at 27, 000xg foy 30|min to obtain the -

~ mitochondrial supe atané‘kluld.The enzymes

. i;i .. . were assayZd in the standard conditions

e P - conta;nlng 1.2 mg of’ prptezﬁ\{;r 30 min wrth

e S ' “3di1- C)ketoglutarate (132,212) d.p. m.h.

eaThawed once"b Frozen and thawed three times;

.Sonieete@. A
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If'iL 15 consicerqd tnat ootl enzyaatlc agt1v1t1;L

:f‘a“c r:.o-m.ared-.~ 1ue tke. mltocboncrla ungn any truaumont" L

a tun Ularuub tl i 0c}onur1al membrane-*ou’c reqult

‘.\o : : "'

thn" oL “e enzymeS-anc ulevefore *ie “esul

arss ed above da\ 11c~cate~tuat Oﬁu freezlng'anu't? hg
© (tra 1n; arl qtorage} wag enou b to dlsrunt unL mlto-

.. d -'.-,

"cvo arlal m‘%orsne. -,ner uhe thawed ;ltochondrlal fractmon

'Uuas cenurﬂfugea au 25 OﬁOx&‘for i, mln \=ab1e J-l“) only

.22 ef bOuA ac~1v1t*es were: found in, the w_tocnOﬁqual

S

"solubl Superna%ant f;uld. ‘ Le recoverles of ca_oollrase |

U‘ln*sune natant f’ulds from wi ochondrla ubat nave beon

uojccted to reneaued freezzq" ana uhann“ and to detﬁr¢ent

ac u:.on weré suud:.@ ard are ‘showa. in laole 3. 19. ' In this -

exnerlment ‘thawed u'uochonarzal fractzon 1solaued by .

-

' "et oa -3 and susnended- 20 mF K—nhosphate ouf”er,.nn 7 O

7' thgl mF BEE,-.nlch na bee, aept for bnree dabs at -15

. .w 3 a1v1ded 1nto tnree ecu - ortlons. " The. nortions were

A, B jand’ C. Portlons A ana p were ;reated slrllariy
eycépt

30 min wzth occasional. mixlnm at O0 - mhis addltional tlﬂe

*bat portion B was a_lowed to stand fOr an adcitloraﬁ

167

at Oo did not result 1n- 31bnificant changes in enzyme aétivigy”wh s

. nor dla it improve tne recovery of the enzyme in tne super-

~ +
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" Table 3ﬁ19j drKetoglutarate glyoxylate carbollgase
T -'release from mltochondrla after freezmng "f
" and. thawang ln the presence or absence of

{;uTrlton x—loo angeeffects of sucrose and

l

“:temperature on . enzyme actlvxty M;tochondrlal ' .

‘fractlon treatment are. descrrhed in the | '_;,?;f

;::f';f‘t ‘"_".,text The enzyme was assayed in the standard
‘ ' '°cond1t10ns hut w;th lO;Lmoles of (1-140)
S glyoxylate (222 727 a.p. m.) ‘and 4Amoles of

'”,d_ketoglutarate for 30 mln.The reactlon? -

RO ) was stopped Wlth TCA—-AAP
R R The fract:l.ons were assayed after storage
o .' ?, }' for 22 hours at —15 1n experlment A.or
| at 0 in experzments B and c.-" g‘t} : f-;";q
b Represents the unzts determlned after ) .
’ standlng for 22 hours d;v;ded by the unlts' ’
- f"t_' : determlned 1mmed1ately after obtalnlng
the fractlons._v-, ' °
"F-T, freezrng andpthaying‘tnreeltdmesr.
[ . -
e Lo -
L4 .1:;: y -
] S i
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atant AlUlu oaualnud afub¢_ceﬂt“ifué olQﬁ of the

l;}“.fj mwtocaondrial f“actlon (supe“natant fluin 1) er ;rom
'ﬂtne qi llarly obta;ned'ne let supe“natant flula ‘.;ﬂfK{;{

I f,”(aqpc”natant "luiv 2) ' 010 "19, A anc s) I ercfo“e~;.  
f‘f_!the ulBCUqSlO 'ulll bc Wimlged onl ‘to portibn 3 hlcn::f;”
;“;ullliaerve:ag-a control for nortlo _C 1n ublcn 0. 1»'mr1ton
. -1oo-wa° preuent durmnb Ireezlr; ahc tnax1n¢.H
o* oy . :

‘_@ble 3:10 shov t?dt'u o centrlfu atlon the

“.“'._supernat.ant flu:.a l con a:.nca about 2301‘ L,z.e un"t.:- :Ln'~ t:.ally
preaert 1:'uhc m vOChOheral prepara» o) Jnen the pel;et ' f  'giu R

o was emtractcd.wltn 20 : "—nhosphate bu fer, pE ( O w;th | T

-

 1'F& DF“iand centrlfugﬁa, supernatan ’1u¢n 2 was ébtalned
 #dnta1n1nu_;5n he enzyme urlu p nt in the Orl'l al
-m*tochbﬁéﬂiél:frac»lon;;.“nlj 1n superpat.sr1 fluld z Wao'

;'a moderate increase ob alned in spec1f1c aCtIVltj.g Lri*on j,'
‘ﬁ-lOO was cOmpletelj lPCffeCulve 1n 3.*1crea,s:.nb the recoverf
“in supernatant fluid 1 as sn0ﬂn Table" 3 19, C. Only IR .
.gSm 0; tne Orlblﬁal unlts we*e fépnd in sunernatant'fluid.f | |

"~ 1 and l in supernata“t fluid 2.: &galn t e -same sllbnt |

“1ncrease ln speclgic activity was obtained in supernatant _‘i.‘ .
:f1u1d 2.' £ } L. |

. ! M s Y
o . .
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souc depgrec Lo memtr aﬁes_‘ecause fruezln: and tnawi.r

-

. : ‘ :
was not sulTrcient to release these aCt1Vl~lGS ann, in’

tersg o0 Uk carcol_;ase activity, i;c‘qonwoﬂ“c ueuer—

cont was @lso ineffective. in this re$pect.

poirted oul thot the Uecarboxylat

condenzation of d&kctoglutarate with lyoxylate nay ve

Vrate ducanOY”laSG

+

the o-ltetoglutarate

the e-keioslut

denydrogenase compleX

S e T s o T S e P T V1R .5 -
(section 1.1.2.38). 7The results of Table 3.12.¥cud 0
’ ' - - ) -~ ) ’ E =
™~ =4 e e I - . S .- ALy - A .
confivet twis,  lowever, it has been Suﬁvssted Liab i

R [ ¥

Core evidence thnt d~xctoplutarate: jlyoxylave carvoll ase.

. 4 ~ S s . H % el . -
w.d therefore noesiuldy o-ketolutarate accarovdxyiastc L&y
* * L)
ot he located i. thoe pitcchondgrisl otrism wdr ciialngl
,
vl DL Swet exbraction mrbcedure for =o i lutarsio-
. .

]

_\|7;|‘



A'vnaceau“e"thaJed nltochondrzaﬁ frateion wa acwdlflea

1t was found as shows- il Table 3 2G, A uuah 0n13 BOn f

e S W T

'and pyruv*te qehvaro"enase camnlek erm:AiQ“D} mlto--

choqcrla (1 1nu‘et al., 0?2) was. utlll”ed In tb S.

-

with OZL K{HCl tb‘ph 6 5 ana nade 50 mI in aCl ~and

the su ion Va ,ce lfurea at 22, Ou SXE for 59 min.

"

'

-‘fof the carbollbase untis were recovered ln thg nltOCPOHeral

e\trgct ancé- ;Eﬁ'iu thc ne7let. nowever, 33% of uhe orlglnal

act:v;ty was lost ard this is. reflected in Lke lower

'sneclfwc act1 luiES of unD cxtract and t nellet.

.- . . -

Con»radlctory resulq§ on trc'locatlon of tVe

'1carb011gase have been reported ' Stewa“d and Quayle (1067)

renorted Lhab the enzvme was concentraued in the solu.le.

“fractlon w1uhln uhe pig llver n1tocnoﬂer1a rather tnan the.

- -

"partlculate ’ractlon. 5;n tne r. experlment bc MLuOCEOHer

0

were passed throush a Hughes. nress a% -15", anc the resulting

,extract con talned 7?m of the unlts nresent in- uhe mleoehondrza

u1tn an 1n¢rease in the snec1flc actLV1ty of 1.u2. Cn the

-, . Py

- ether hang, five mlnutes sorlcatlon of the rat 11ver

mltochondrla at 10 kcycle and a fractxcnablon (105 OOOxE

for a0 mln) of the licate nevealed early ecual QlSurlbu—

" tion of tne activlty ip the suuernatant fluig’ and the pre-

-
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clulta e ("aua ﬁkl et*al .19 6).' 'orlyana ana.iui T

(196 e) b“vc rceorted thau the cnz\mc was firaly bound e

to & oartlculaue fraptlon in the freehly oreﬂa‘ed cel’

e\tracus f“Om ”vcooacterlum takeo ana ;all

ed to ho Y*elemsed

by sonic OSClllaleﬁ or &I“ltbnin treauﬂent however. in-

a 300 aJmonlum eulpnate fracelon, on storaqe for a long

L3

pevlod ( several mon»us) in the frozen seat

was solublllaea to a conolderable e\teﬂt

c, the onzyme

Extraculon of. uhe enzyme frOm mltochondrial acetdne

' nowaer ‘was. also attemntcd as. shown in Laol

e 3. 20 B and C.‘

The extracts frOm acetO“e DOHdG” conta;ned 47% and 43% of

he un1t5°in1t1ally nresent in the mltocho
(3 and. c respeculvely) In the nrenarauio
powder 1tse1f {CJ‘tetal AP susnension) abo
. unzts vere Iost. To decrease ln uhe speci
the extract w1th respect to the lnltlal mi
fraction was, ‘observed so that this grocedu

LY
superior than the freezing’ ana thawlng e

drled rat lxver mptochoncrza were used as
the enzyme by ﬂoch and Stokstand (1906) an
(1971) .

The enzyme present in the mitochondr

-

P
» - \)
- frd

s

narlal fractlon
nof the acetone
ut 1435 of the

;ic actmvzty of."
tocnonar1a1

re. Seems to be
atment. - AcetOne-
the source of the

d b} Salto et al.,

ial fraction

Fa
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o aﬂd l“ tne cJv.‘oe““.a’t‘-an‘l: uldq mas stnblc au*Weast for‘.fhfﬁ

"t;aa heurs uhen the fractions were stored at--l5 (Table

19A) o ehen thesc frac fons. were kept‘nt 0 for 22 *ﬂ. Lo

"-:hours 2, sllght inactivatlon, about 17L was observed

-~

-‘i"(Table 10 ﬂ a“a C Sucrcse nreeent at a rinal O 25 M

"'concentratlon did not enhance the suab11it3 of tne soltble

j_":enzyme at tnis stage of purification._ A stlmulatory effect

" at a. ni her purlilcatimn level-e k

:;_jby sucrose was cbserved by” Stewart and Qnayle (106?) but B

*

Precmpitatlon of acetone powuer extractS'etf§Hu5:u L

resul q$3r1a.comnlete 1nactiva»10n 5f‘the enzyme as,p;\.f

shown ln Table 3. 20 D, Only 0. 02% of the units presert L

ﬁéin the extracts were found in the pellet and in the -a‘l

h ‘neutrallzed supe*natant fluld hm of tne units were: recovered._

L

When extracts frOm acetone powder were made 60%
saturated in ammonlum sulnhate by the - additlon of the. sol;d'.
salt (39 gr/lOOml) only 7% of the units present in the

.extracts were found in the ulalyzed nellet whlch bad a

' very lo:‘specmflc act1v1ty (Table 3.20, E)o The possablllty

) that d:ﬂ.ys:_s of- the nellet obtained at 60& saturation in

'; ammonium S lphate was not completely effectlve in removiﬂg

.-the salt

st'be.oonsldered as an explanatlon of *he pOOT

_ recovery obtainsd. As shown in Table 3.21 vhe presence of



3 L ;,; N ‘_’; S § .
v o ‘ . - : " L - § .
_mnonlum sulphate per cent v _i--L"f : "'"“"'- Sl T T
In assay - - In \Eretreated enzyme; B U‘nn.tg/ml IF?“?’F’%F?“ '% -
L T T Ny e e o
LT e Tels B,j— Co o tTsse 7.5 .
x s s iens TG vaesT o T '\""b_‘_
. 0.5 . L.OoT Cosa00 0 1 T L
5.0 .4 . . io.n . 9.80 R T
‘ ~.'I'ai'bl.e_ 3.21. Effects of amnn:.um sulphate on enzyme, actxvxty
T Approprlatealxquo'ts ofs a saturéd ‘ammonium
. . ' sulphate solut:.on,pH 7.0 ,were elther added to-
R - C the enzywme alone or. to the: complete assay .- - P
'  “mixtures. After standlng for. 10 min at' 0 the '
PR carbbl:.gas‘e actn.v:.ty was determ:.ned under the
o0 e f condlttons descr:bed in Table 3.19. The enzyme
| S source used was the supernatant fluid obtained '
- . y ""'. by centrlfugatLOn at 25, OOOxg for 15 min of 7 g
- ‘the frozen and thawed mtochondr:.al fraction .
(8.6 mg/ml from whz.C:h 0.2 ml were assayed) .
’ P :
: . e
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"0 5“ or 5 ammonlum suInhate in 39533 mi\tu”es resulted
1
: gin ? 5N ana 70p inactlvablon of e enayme.__ t was also

.?-fOUBd'ubau allowlnb the enzyme to etana in: the nreeence' ?
'f-aof tne salt Lor 10 mln at O ‘at Ylnal conéentrablons of, 10 f

.and 10” an adelulonal i“activatlon was ooserveu whlch

‘:;{resplted‘ln & 15 and 85”: actlvatipﬂ, resneCulvel oo as r

L _ ; -
w:comnared to the untreated enz»me..‘;.‘ "3

In conclusion, our attennts to releasc the enzyme

"
LY

1@gfrom the mitochondrla 1n a bood yield fo* ehe purnose of

"'fnurielcatmon and for correlaxlon studles between thc -

"ﬂfcaroollgase and aecarboxylase actmvmtmes were unsuccess’ul

L Correlatlon between the two act1v1t1es was pursued vith a ;a;‘

";dlfferent anproacn ard this w1ll be presented 1n the next

*5sect10n.

| Sectlon 3 9‘ 3 CORRELATLOB BV“WEEN drK?TOGLUTARAmE GTVOXYLAWE

CARBOLIGASE A}D drfETOeLU Anﬂmb DECAPBO ASE f“

11\ mma. B

Schlossberg et al.,(1970} purlfled d—ketoclutarate-<;

"glyoxylaue carbollgase about 100-fold from beef heart and

during the puriflcatlon procedures drﬂetoglutarate decarboxy—'

N .
L

A. E ‘; N

177
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L3 ’ : - A

laée aﬁd;i—{eu0ﬂ1utaraue acetalcehyde carboll*ase actletles -

-

Q“e purullel with tﬂau ofd,--ketoh,.l.uuarato-glvoxy1 te
,7ca“001 case. Sl”llaf resu’ts nere” found il une puri ? ried
drkc‘ogluLarate'glyo'ylate carbollvabe trgm e:tracto i

d"ooonscuuomonas aberoiues, and aceuo c drlca ¢Lver

2

wlbocho wdeia (3 aluO et al., (12 ?l) anu from elbracts of : "‘,

-

\CODacuerer DLlel (Vamasakl and HorLVana, 19.1} ;he

d:xe.ogluba¢atc cenyarO“Enase comnlet sreyared from pig_ . ‘f
neart \balto et al., 19?1) and from E. coll (nuDaSIK et al., i
1972) also ca»aL"zed the carbollbase reacsion vetween
drketo~lutarate anaﬁ"lyoxylate or so?e other alaehyae.‘
"ﬁ.c drkeuOULhuarth aecarbotwﬂase sﬁﬁcompiex db;ived‘from'
ock4wmo dut arate aehydro enase c@mpleﬁ, by fesolut}on
lwith urea, “also sho‘ed the carholifase act1v1‘" (Saito

et 2. 1971)

. y—

It is ev1aent as has veen suggested aJ the above

.

worikers t} the enzyme catalyzmn ne syner“lsulc

W
Qecarboxylablon of drketovlu»araue and slyoxylate is laentlcal
witl d:xutobTuuaraue aecarboxylase. "In .an atiempt to study

tois aspect in Tetrahymena purlflcatlon of‘drketoglutarate.

glyoxylate”carbolirase had, nrevmously and unsuccessxu11y,

peen attempted (section 3.8). Therefore a different

SN

~ ) S L “‘f.

/
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s

approaca was taxen eaoed on tne asounntlon'p“at any
connltlcn that coula axfect one activ;ty would also affect

eLe other 1f‘tn pvo ac»mvptles res_ded in .a aihplc prote1n..u.“3

. e . . . . . a
- . - . . : N : .
C N

9 1.. Hffects.of nucleoelee on erzyne act1v1t1es.

a " . . NP PR
\ h. L . .. . L
- -

The adeniwe nucleotlde reEulatlon of drketoalutarate‘!“'

&ehydrosenase c0mp1ex nas been receﬁtlj renortea.-'lp°”

;r{" o

; cau11flower florets uhe enuyme whlch vas . 50-fold purifled

-

from the bbnlca ly amsrunted mltochondrla anc whlch clcerly"J: *;f:
nrefers auenylate actavators to. other nnCleOuldBa, wasf*' |
strongly acelmated Ey A{P.van a decrease ln tke apparent 33"',7-3
Km for d-ketomlutarate (Jeadlnb and :lackA 1971) The : .
1n371‘ stimulatlen was *Ound to be ekertea on the dl—EZ‘sue- ?;?‘ 
R complex (sectlon lspl Davzes and Kenworthy (1970) aﬁpeared

to lnalcate fhao the actlyatlng efﬁect of AFP tnok ‘1ace prlor

e

oo to »he-decarbd&y?aulon of‘d—ketcglutarate in »he reactlon.

. -

o Thpse WOrkers- measurlr" -400” nreduculon fror:#(l- hC)—keeo—'

. .’ é%ﬁtarate by ‘an extraot of-pea mltocqondrlal preparaelon

found a’ q-fold lncrease 1n.aecarboxylaulon 1n the presence‘

-
- . ' » L]

ofOSmMAMP. ; :".e-».' " _‘

In blowily fllght muscle, AT? 1nn1b1t10n of the

partially puﬁifled enzyme has been reported oO be overcom



b" A.P
t*de

and A»P ( u“sford,. 72). Neither of Lhc e nuc“co-

act;va*ed o -enzyme in the absence of'A”?..'qu smte

of 1ctlon of'the auenwve nuclewtlae w~“1n L; cﬂ_ym°

comple

i was not ldEQtiglEd aluhoudh tho cqmnetl‘@ve lnhlbl—‘

‘uion bv A“P with ruspect +0 ol-ketoy lut t' wou 1d sw_est

tOﬂponewt ,1.' ~owewer,' Lc spectapnhouon t*i; “1cvaﬂ1ae—,.

l{nhcu agsaq d,a nbi -ull} c\nfmrn th1 suggcstion,_as'the_‘

CATP inhlbﬁtlon uas fou“c to be r=‘reatly dec“cusea.

cownle

iny 1bﬂ

-0 ose“v

Iwoffl (Veltzna“, 1972) ang, 1t vaa conflwmea with uhe

i kY

In AClFCuObaCter Iwoffl, the overall aculvztg of »h

»
-

X was 1nn1b1ued by 1ALH.ANP ‘and ALP relicved uhlS

tlon and a_so Sul”ﬁl&iéﬁ enz;me uCth e This was

0

ed with a ZUO OOuxg suner"ataru ’1u1a f¢on A

purliled_e nzyne (: aﬁaer and -ﬂletzman, 177;). A;says

spetifih'for the ”irst enzyme comnoneru (5 ) (follow ing

oxlaaulve ceca rboxylaumOn ‘with dlchloropnenol-lndophenol

as an’
action
effect

yat be

elecuror acceptor) showed this to be the site of

of the aaeﬂjlate. A general lza,lon of the nucleoulde

s on arkeuo~lugaraue denycrobenase comnlex cannot

.done, however, +he apove reports indicate »he strong

possibility that the enzyme, as oihrer constitutive-enzymes,

may re

heve b

spond to the erersy state of tue cell. These effects

gen generalized by Atkinson (100?) into a concept

. . . . ‘ <.
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. . ol \-

des ;ned as COntrol tL*ou;h Lha cwe*gy cqar"e of tuu cells.

In uhls CO“CGP» the enerQJ cl rge i° 10'-r mxen nucleosxde'

\

monOWIo tes, preQOu*nate and. niud when | the urlnHQSﬁtauesj-

-

are 1n vrcatest abunaance.. En ynes hlcn are pa4u,o-_a;‘

systen rebo“eratln; A¢P aﬂe‘usually xOUud to-be actmvatcd-fk_?,7*.“

”Q‘-by ANP anc ivnibxted by A*., and thls lS freeue Lly ObbC“Ved

~

when&»hc enzymé be:n_nb contro%lea aoe not u e a"y of thc

nucleotldes in i%s reac»ion. Slnce tue Hl componenu secms

to be the site of’ action of A:P the effecg of thls and f’;

otner nucleotides on the. carboli*asc anc decarbox3lase -

.

J&CulV*ﬁleS was. studled..

‘j'ﬁ‘ ~tper1mental procedures. Tne—mltochoncrlal fracblon

from cells grown 1n nroueQSB—peptone meclum were obtained

by method A (secilon 2 2 AL quetoglutaraue glyoxylate

I8l &
2

carbollgase was assaye& in the stardard condlulons contaln-‘_.-"

1ng (U— lkey. glyoxylate (283,000 d p mj) as the 1abelled

5

bst:ate.‘ ‘After 1 nour of lncubatlon the reactlon was

‘was aSSayed in the standard condlulons
5(sect10n 2 2. 5\33 Hucleouldes were . presen in ne lncuba-

1u10r mlxtures at 1 mM Flnal concentratlon.

S
-.

Result and'discu351on.\ The adeﬂlne nucleotides

LT * . . . -

',s%oppi by addlns mCA-AAP (sectlon 2.2.5. Al.cx—Ketoglutarate';"



" ANP, ADP and A“P and the. guanine. nuclcotldeq er-éndﬁﬁTp_-
Cat 1omd aln al conceﬁuraulo“~d1u not Mffecv the actlvltv of
the carboligase nor tbc ac 1v ty of" the_decaanxquse

{mable 3.22). - - S,
‘hun lo O conc0ntraulons of APD (G.l and O 5 mﬁ) .
were pres sent in uhe lnCUbaulon ﬂlhpures, o sulnulatory .

effects we*c oagcrde on d-aétorlubaraue cecarboxylase¢

o effect of AME, ATP or -AT? was. found on 2 partlally

I'(_"
I

ified carboligase frouw 2. snner01ces (Okuvama et al.,

}_l

058) and on rat liver zitochondria susneqclon {Crawkall

- and Watts, 1962). Our results wlbh mevralymena m;tochouarlal

suspensions are simi {lar and in- thls case a ﬂarallel assay

of th cl-AeQOf;utarate uecarboxylase lnclea»ed l‘hat this
enzyme was not affected vy these nucleotlde elther.

iowever, the jl COmDOnent of he!x-ketodehydrOFenase comnlex
seens Eo'be the site of action of A:P and the Iy component
‘when aﬁsayed for tne “carboligase. reactlon was stimulated by
AT only‘?n.oné case (Davies.a;d Lenﬂorthy,-lg?O) and ADP
wés the aétivating'nucieotide for a partially puried car-

boligase from exbract of . takeo (Moriyama'and'Yui,'1966).

mhe fact that drkeuOFluuarate decarbOxylase in Tetrahymena

was notv activated:by AMP or.ADP nay be due to the ¥ind of



4

" Enzyme activity (per cent of control)

Table- 3.22:

' Additions . drketoglutarate. S dpketoglutarate
. ' : glyoxylate carbollgase decarboxylase
-- w0 Y 100
AMP _ 95.3 .7 95.0
ADP . 92,5 o . 94.5
‘ATP " - 90.5 Co - 89.0
GMP 9.0 . - 100.0
GTP - . 8350 . 105.0
'Bffects of some nucleotldes on enzyme

: act1v1tles Both actzvxtxes were assayed in the

standard condztlons as descrlbed in

Exper1menta1 Procedures The indicated nucleotldes

were present at 1mM final concentrat;on. .
The assays were done in dupllcate Protein present

was 2.9 mg.

g3 ¢

2]



. 3 : _ . 1,:  ‘1 B A‘“..;.'x.: ;§? B ":_f -  ;""ﬂ
u“nrenaratlon utlllzed ao was ble caqe wibh thc en yme from-k '
3. :gggg xﬁoflyama and Yul, 1066) wbicb was not actlvabeu by.;
ADP whcn a nartlculate prcpa}aulqn was uged"howeve:, after.
solubilm"ation ADP was effective in actlvatln» :eTenzyﬁe-fV. RN
assayed as. tnc caraolkgase. These workers sugges sted tua ;.
the actmvation may repu‘t in. a conEOPmatzonal chan;e in the
enz?me'on additiOn of ADP, wnlch was guite snccmfic in
enhanclng’the act1v1u5..

-

3.9.2 Lffect of varylﬂg grow»h condltlona‘on

eanme act1v1t1es static and a”ltauEQ cells., -t
&

Dxperlmcntal nrocedures. ;né "statlc“ cells were

-

“rown aﬂthout srak:.h in 500 .ml flasxs contalnlnr 250 ml |  ‘ f
nrateose-neptone medium. Tpe Wagitated" cells ﬁerengrownf

: 1n 500 ml flashs containing 150 mi-proteosé?peptonelmeﬁium
with rotatory shaklnp at. TaQ T.Dellle’ After twvo and three
deys of growth une cells were counbeq and collected ana the -
-nomo;enate obtained.by method 4 (sectlon 2.2. h) was useu'
as uﬂe enzyme source. mne enzymes queuoflUuarate.

51: xyl te ca”bollgase ané drketo*luuaraue cecarooxylase

‘uere assayed under the standa:d conditions (SECulOn 2.2.5).

Results and.discuSSion. Table 3.23 shou‘furat the

changes 4n the aCt“Vluy of ol=ketoglutarate aecarpoxylase'

‘- ]
-
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. .. . f

_cue to varying growtq coad*uxons (stqtlc or asluated
cclls) orvtﬂ age of cultureq, are accomaan¢ed by oulte -
‘Slhllar chaqveb in the carbollwase “ctlv 1Y Lhe

"statlc" cel’s contalqed q-fold and 6 2= fold more

Lunlts 01 carbollbase and uecarbowylase, res%bctlvel},

as cOnpared to tnc "agl ated" cells, aftew'"rowor for

+8 hours. Thu corresnondlnw fl5u*e for cells grown’ for

+

72 hou s.1is about 2. A marked QECIEuSG 1n tre unlto in

tie. "s*atlc“ cel‘s from 43 Wours to 72 nours of *rowth

v

n

was ?ound ‘with botk actWVLuxes. . SO . f.J

Tne evwdence is. c1rcuwstanu1a1 out it points to the

possibility that ﬁn ~netranymena also the two act1v1ules

nay be linked. It should be noted tpat the "statlc" cells
were much larger than tre “arltated" cells and tnls

probably accounts for the 5"311er c1fferences for the.

*

i}

Jdiffer ot groﬁ!h conditions when enzwme act*vmtles were.

- '

expressed as Specixlc_actlkules rather than as actlv;tles

per 106 ceilsl

\H

9.3 -_Effect'of varying growth conditions on epzyme

activities:nutritional effects ané thiamine

deficiency-
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T‘gpe:r:.mem:al nrocedurcs.\ I"*uneee e\pevlmenta ,J,ﬂ;:_:ﬁ,j"

ifiﬁltochond*ial apu supernauant fractlopc obtalnea‘by

S method B frow cells grown for 4 hours in: synbheuic

medlum (S.L.}; s:nuhetic medlum auppTemented Hlth either

cevate \S.J.A.\ or clucose (S M.u.) were. utllmzec.‘ Also o

L

_'"‘cella deficzewt in. thlamﬂne ecre usee.‘ Tnese organlsmo Effffq
wé;e °'::‘f.:*m in synthetlc medlum supplemented‘altn acetate,m1 a5.'
f*?contalnin& O E,pg of thlamlne per 100 el medlum, 1n thls TII ‘
ﬁ.fﬁcondltlon the 5rowth.wae rcduced to an_ S ¢ to that obta1nea*i~gif B
.when no*mal amounts oe‘thiamlne wcre nreaenu uurlrb ;roxth  5;£
3; 100 pg/l“le) (sectlon 2. 2.1&) The mltoehonu“ial anc o
;éune*natant fractlons from the thlamlne aef1c1ent organlsms3
”-jwere harvested af er: ?2 hours of &rowth and *he actlvlules

‘ 7compared to normal cells eroWn Ior »he same neriod o£ tlme.

~ -

dﬁﬂetoglu»arate'"lyomylate carbollgase was assayed

o Ldinc the s»andard condltions with agpmoles (1- 40) glyoxylaue
1(178 5183 4. p.m.) ‘as the 1abe11edsubstrate. Incubatlons L

lwere carrled out or 30 mln and uhe reactlon was stonped

 .with “CA—AAP 11-Ketoglutarate aeoarooxylase was assayed

as descrlbed nrev1ously (sectlon 2 2. 5 B)

Total COllECulon, xtractlaq\and counuinb nrocedures

f of Dﬂﬂﬁqd-ketoglutarate were conducted as uesc*lbed



“l;.ef the nresence ol acetate anc wlucose en d—keto lutarete, L

188

:_\'..\_.‘... .

\tfpreviously (eectlon*a 2 lO) thq c0mneund was btalned ‘
{_fro aosay ml\tures conta:.nlnm hnpnoles (2-140) rvlyexylate o
fl (245 7&4 d#pdu },ane pmolee dsketowlutarate.-{Dlacusszon_1{'

‘:;on thls area wlll ve presented i section 3 10 5

;Results and oiscuseidn.. Table 3 Zh slows the effects‘_vf

‘;'5ly0\51ate CEIbOll"aSB and d-ketoblutarate decarbowylase

-:'act1v1t1es. The two. ace1v1ties fo the mluOChondrlml

-1ﬁfractlon from cells *rown 1n synthetlc redium were not

SR sxgnlfzcanuly elfferent from those fourc 1n »ne mltOChOﬂﬂ”lal

”}‘fractlon fron cells grown 1n medlum supplemented Wlth #f;‘

}1-jacetate or slucose.‘ lhe ac»iv;tles in the Supernatant

' ';:“fractlon were about 1?% and 12” respecelvely, of the actlvitles .

'.fOunc 1n the mltochondrlal fractlon from the cells eroun
S in tne synthetlc meoium. Acetate.or glucose adced to the 7
"'17growth meazum dld not affect the actlvitles of tne supernatart

.fractlon.

Table 3 25, shows the effect of thlamine def1c1ency
'_on both act1v1t1es. he mltochOndrlal fractlon from" the

d1f1c1ent cells have only 51 'of carnollgase actlthy and - j

52% of ! decarboxylase actlvmty of this fractlon of normal

"'cells 1n exp. 1, ana 32% and 2 5 resnectlvely, in experiment ,

”
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Grawth”_Ehzymgqsoarqe Carboligase ﬁNpﬁwbkefo-f*_'D§§a;bpxylase ;

- : : Unlts/mgProt glutarate - 'Units/méEroﬁL

; | d.p.m./ugProt. o
e.M. . Mitochondria.  0.288(4)  1,565(3) 0.328(2)

" supernatant  0.047(&) 228(2) -, . .0.041(2)
 S.M.A. Mitochondria  0.324(2) 1,565 L ou360(2)
. . Supernatant 0.047(2) 250 0.080(2)
s:M.c. Mitochondria. 0.274(2)  1,446(2) ~  0.309°
. Supernatant . 0.048(2)  263(2) 0.039
Table 3.24: Effect of acetate and glucose onJi-ketoglutarate.

glyoxylate carbollgase.on d-ketoglutarate decar--

lboxylase and on drl4C ketoglutarate labelllng.
Cells were grown in synthetzc medium (S.M.)" and
5synthetlc medlum supplemented with either acetate
.(S.M.A.) or glucose (S.M.G.} .d-Ketoglutarate: .

glyoxylate carbollgase was assayed in the standafd
condltlcns in the presence ‘of 1.5 mg of_mltochOndrlal
protein or about 1.5 mg of supernatant, protein and
(1- l‘c)glyoxylate (178,483 d.p.m.) as the labelled .
substrate Incubations were carried out for 30 min
and the reaction was stopped with TCA-AAP.d-Keto-

‘glutarate decarboxylase was assayed in the standard

conditions in the presence of l. 5 mg protein..
DNPH-drl4C ketoglutarate was obtained from the
assay mixtures for the carbollgase reaction conta;nlng

 about 2.4 mg of mltochondrlal protein or about 3.2

mg of supernatant protein and (2-—l c)glyoxylate‘
(245,744 d.p.m.) .The values are means,whenever
more than one experiment was performed. Numbers

in parenthe51s 1nd1cate the nunmbers of experiments.

4
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sf°TYp§-°ﬂ}[f” Snbcellular Carbollgasel DN —qhketgr "Decarboxylase
‘forganism o, ‘fractlon_; Unlts/mgProt. glu arate SR Unxts/mg?rot.
‘ S ' ' d p /mgProt.

Experlment 1i*

~ Nowmal . Mitochondria 0.343. " _'i;.'.'.so C 04344
TR '“;:":_ _ Supernatant - - 0.044. T T S .1 0.033
"‘ngefticién§7f‘Mitochcpdria_; 0.174 . 808 L o 0.178

- . .supernatant 0.084 < o 0.0844 - O
'E'xpeFi 't2“ Lo R . . . A

- Normal. - - . Mitochondria’ 0.121 . .0 500 o Uo.e2’l
l,_‘ﬁ.l\lﬂ .‘fSupernatant . 0:016;‘, IR o 0.012" .

. pefficient -Mitochondria -+-0.039 - .135 v 0.087 L v
B - “\fSupernatant Q.04 R ffwb:ﬂlQQ

_ ‘f:‘?ablefS.ZS:"“Effect of thidmine deflclency on.drketoglutarate.
:"“ '_,ff S R glyoxylate carbollgase,qncidketoglutarate ) ﬂfyf
R B -«decarboxylase and. on:irketoglutaxate labelllng. 7
~,Organlsms were grown 1n synthetlc medxum supplemented
fw:th acetate. Deflc;ent organmsms were grown on.
';’a medlum containing 0. 2mg of thlamlne per 100ml-
- .-and normal organlsm on the same med;um contalnlng
clOO;Ag of thlamlne per 100 - ml The proteln present
oo in the .enzyme ‘assays was 0.87 mg {exp.- 1) and'’
. . 1'mg (exp. 2) of mltochondrlal.fractlon from normal .
RS L 'cells,l 5 mg (exp. 1) and 1. 9 mg (exp. 2} of
. ) | _supernatant fractlon £rom normal cells;1.48 mg .
{exp. 1) and'l'mg (exp. 2) of mltochondrlal fractions
from ‘def;c;ent cells 1 5 mg- (exp. 1) and 2.2 mg
- (exp. 2) of supernatant fractlon from def1c1ent cells-
'drKetogiutarate was ‘obtained'as descrlbed in
_ ‘ ] 'Experlmental Procedures,thh 1.7 mg (exp. 1) and
o | , o , ' 4 mg (exp. 2H of proteln from mltochondrlal fraction
) ‘_of normal cells, or 2.9 mg {exp. 1} and 4 ng
(exp. 2) from the mitochondrial fraction of
‘deficient cells
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2. Botp activities in ihe supernatazt rraction from .
deficient cells were comparable to those of normal

cells.

]
These *esults also surbest yhgt the d—ketoglutarate' f" -
lyoxylate “eaction may be an actlvlt of the d-ﬁeto 1utarate
aeca“boxylaae.' It is-important for cellular economy that
a cowstltutlve enzyme may be capable of a ‘dual role in
'provaa‘nb energy to the cell by cxla"zinﬁ dpheto luuar;te_ .
in’t?e TCA Eycle, aqd by malntalning a nhyszoIOulcal

.conccnbraulon of metabolltes which. can be harr;ul tﬂ the - C

cell, "as in the case of g yowyla»e.

drKetoglutarate aecarboxulase anoears to be rcrulaﬁpd
ay AMP (section 3. 9 l) ana in one case it was. *eportea -
_ (Dav1es and Yenworthy, 1.970) that dpketorluuarate lyoxylate
'carbollfase activity was also affected to-a similar devree.
‘It thus seens n0551b1e ubat the earbollfase actlv*tv will ’

‘be manifested when 5lyoxylate bermes accesalhle Lo une

o&ketoglutarate dehydrogenase-complex.,

In thlamlne def1c1ency tne nyruvate dehydrocenase
comnlex actmvmty is cecreased and zoth pyruvate (Peters,
'(1953) ana r'lyoxyla.te (Liang, 1962) accumulaue. This was
attrlbu»ed-to excess tissue oreakdawn Whlch allcwec rljoxylate

.

L\

ke



o fe}d’ket°°IUtarate SlYOkYIate carnoligase uere aecreasec oy

-fabOut 50“ in & the - tﬂiamlne deficient metra.‘nymena cells o

'ourgests tbam the observed accumulatlon of “1y0tylate

CN! R

\

to be formed froe yc;ne (Llans, IQEh) ' “he flnd113 that

was: due‘go an envyme de’ect in uhe utllluaulon of

1‘5-1yoxy1ate 1nvo‘vlﬂé the drketoglutarate uthdrosenase

'~', comple\ and noss;bly the nyruvate uehydro*enase comelex

‘reli. th. COmoleies are thlamine dependent and capable ,kif .

'ﬂgof react:..no vlub'flyoxylate.‘ POWever 1r mammallan tlssues
» .uhe reactlon of slyoxylate wi ni uyruvate 1s much slo“er
';tnan 1»5»reacelon w1un.d—ketog1utaraue (habaslk et al

9'12) PN AR

. -
A

f‘tThe TOW actzvety observed 1n the mltocnondrlal fractlon S

ﬂ;'from normal cel’s in experlmenu 2 (Table 3. 25) may be due
‘~to prolonged storage (L days at -15 ) before bemng assayed.
‘Lormally, the maximum tlme elapsed between fractlonaulon

and assaylng was about 12 hours at: -15°

: -sécpidnfj.ld: STUDIES OK. THL ORIGIN OE‘d—KVTOCLUTARA”E

REGENVRAWED IX TEE. drKE”OGLUmARAmE LVOXYLAT?
CARBOLEGASL ASSAV NIXTU?HS.

. - It has been repeatedly observed that ‘the DEPH derivative



Y
. “

v

cor“es*‘ondlnCr to d-&vtO"IUua“ te was laoelled even when [ :
_.‘nunlabelled dr“ctoslutarhte wa§ nrosenb 1n uho aesay

Yuu*es.  “he orluin of the 1abel and ehe posszble - ‘.\f |

-

acmd are cons*dered in thlS sectlon.'
L _ L o v L~

10 1 Orloin oi’d-eetoglutarate formed durlhg the

'thkfg‘i;;, ,-carboligase reactlon.-‘? y

BxperlmehtaL. ceeures. Cells were r~rown in -

M : -
‘extraco W&o nrepared by freezmrg ard uxawinv Gsectlon

"~Kﬁ2 2 3) an -ohe nomogenate and MLoOChOHeral fractzons._»"'

gwere obtained by fractlonatlon methoo A (sectlon 2 2 &Y.
Incubatlons :ere»carrlea out as descrlned 1n sectlon

'_‘2 2. 5A. Substrate concentratlohs are 1ndloated 1n the

flegends of the flsures anc tables.‘ "The reactloﬂ was stoopea*

“‘W1th PCA. DEPE derlvatlves were obtained elther by
_crystal collection or by total extractlon ‘as oescrlbed |
-7'1n section 2.2. lO. Paper chromatogranhy of DX¥PE - derlva-.

L tlves was done usmﬂg solvent systems 1 and 2 and tpe
.radioact1v1ey dlstributlon ‘on the papers was obtalned
.after cutting the paper in 1 cm long—seomenes and counting

"‘ in the llqulo-SCIntillat;on counter (sectlon 2.2;10?.

L:fpatlways responslble for its fE%al‘»rarsfer'eo tne etOg f“' :

f:proeeoseaneptone edlﬁg.for aboue‘60 hours., The celT'-J;.:jfj

193
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7 Inone bt“e“lmenu narallél nrenarations of

R
R

- m:-.‘cocmndr:m‘i 1“r:a.ctm::ns. by metpod 3

-’or *he carnol:gase 1n the: presencecordﬁquOWeo (J-

'radloactive neaas corresnonalng to uhe nerlvablves of

b s

.
-

) .
-, : ‘\“'

-

were obtalﬁed 1“rcn'n

' cellq rOVn‘botL 1h synthbtlc wedlum suppledentea w1th

.

aceuaue anu in proteose-@entone ngeiuw.f =r‘hcf.- assay conditlops 

AN

'ana furtber treatmenu of Ifh uerlvauﬁves fo wec ln

. I
b8 »

eactlon 'i‘turcs are aegcribed 1n sectlen 3 G ;4e nnoto-f“”‘

T \‘ . 'y

i metric reaulng ;or ube D PH—drketoglptaraue was at 420 nm

(?rmécema m ana Haugen, l 4))
L r-\

v e
&

Resuius and clscu551on. Cell extract sontaln%

21 mg wrotelr was lncubatea unuer the assav conaltl e
1.‘
"C)

5lyoxylate ana 10 pmoles‘d-hetoglutarate._ ;WU waamo—:z

"actlve peaﬂs were ohtalned upon chroma ograony o; DLPH :

J

derlvaulves (Fis 3. 18) . 1he.?irst neak was ;ouna 1n ﬁ‘
tbe p051t10n af the»apketoblutarate derxvatlve anu t%e -
secord peak in- the posiuion of the WLA derlvaulve._ Nhen :
_the enzyme was omlt»ed ‘rom tne reactlon mixtures two

AR

glyoxylate 1somers were ob alREda In exper;ments she‘ .tg;

drkeuoglutarate was omlttea from the reactlon mlxtures no

-

racloactLV1ty was cetecued in. the nosi* on’ corresponding

to the DVPhqiéketosluuarate.',These resﬁltsiwere observed‘

several’bimes Wlth ‘the cell extract as engyme source.

A
e
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assay mlxtures and the crystals were collected
":as descrlbed 1n the Experzmental Procedures.‘-
N o . ,A‘§ ‘Paper chromatography was conducted in solvent

W 195 \ B
5 -
¥ |
K:{:i‘_ : . : ARATI .
& | . IR .E'igure 3.18: ‘Radloactiv:.ty d:.str:.butlon of DNPH
S . -derJ.Vatlves on paper chromatography. ,
’ 3 ‘ ‘Cell ,extract (21 ng) was :anubated in. the e
q = . o o standard cond:.tions but with- 4,u.moles _
= - ' . ,of (U—- c)glyoxylate and lOJu.rnoles o(-keto--
L A B glutarate After 1 hour :.ncubat:n.on DNPH -
S _der:.vat:.ves were formed in the deprote:.n:.zed
A -

%% ; \ ~.'system 1.Then the chromatograms were cut

3% ‘2_.;' R 'in 0.5 cm-long segments and counted. The -

> g l' cells were’ grown in proteose-peptone. . '

% E ' a) From complete assay ma.xtures, b) From ' :
ggg control assay ( no. enzyme) o
C o s, ' )
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- Enzyme Ssource

‘A“co2 T DNPH—d:keto— o

.. Homogenate'

Mitochordrial
fractlon

d.p.m. T glutarate d.p.m.
91,882 . 6,598 -

127,926 . 3,176 -

Tabie 3.26:

| §

‘J

Evolution of

14C02vand DNPH~Q C ketoglutarate

‘formatlon. - . .=

Homogenate (l0. 5 mg) arnd mltcchondrlal fratt;on
(7 mg) obtained by method A from cells grown in
proteose—peptone which had been kept:at -15°

" for 2 months,were incubated in the standard

conditions but with 4;1moles of (U- C)glyoxylate
(568,000 4.p.m.) and. 4;amoles ofd.ketoglutarate._

. After.1l hour the reaction was stopped ‘with PCA.

DNPH derivatives were formed in the deproteinized

_“assay mlxtures and a couplete extractlon was
‘conducted Paper chromatography was in sé&vent o \\\‘\

.the are of drketoglutarate on the chromatograms

system .The amount of drl4c ketoglutarate

.derlvatl e was calctilated by addlng up the radlo-

act1v1ty £ the paper segments correspondlng to -~

.
ety
ey

a3 .
o

. -

. : .:. : d‘
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- -*c-kgton;utaraue.l “volutlon ol‘;% O2 was also abscrved.

‘"_QIt is 1mportant to note that witb both solvent uystems
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| “ha mltOChOnﬂ*la* fractlon rct heﬁ herabllltv S

:;;to fbrw ?_l“”-d— etowlu»a;abe, as irdlcated in. able :  }:,'Q_ ‘;*i
3.26. ~Wnen'tho carboligase was assayed with ﬁ-pmoles 7f1:f}"ﬂ o

:(d l*g) aﬂyotblave ard h‘pmoles d—ketobluumraue both uhc _l- ﬂ

’ homobelate anu tne mitoc%anuﬁlal fractlons +‘e*-mecl

..fuhe radioac*ive peak migrated to uhe same posx~10w~au'{H,Lf
lrrr%-d-ketoglutarate.\f:f : ,;3‘ ‘¢w~, :;;*lﬁ:fjj" Q‘-.,,;,‘; .
lhese aata sugsest that one or botn carbon atoms of—“
.rlyoxylate were 1ncorporated 1nto the drketoglutarate VL’u_

'}molecule, and uhlS process was promoted 0y the partﬂculate el :f‘.k,

-

tﬂfractaon of he cells. J;
. .. . :T‘ i . 1 . .
SR to fn.na »he orle,a.n of the L’C carbon 'in

‘~.the drkeuo"lﬁgakate molecule the compcuna was studled by e
'~incubatin speciflc%&ly labelled glyoxylate substrate
'rwlth mitochondrial’ 3§énarations from cells grown 1n'.
synthetlc medlum‘:;nplemented w1th aceuaue and in proteose- ' .1'.F'
pentone medlum._ At uhe same time the effecu of the. presence"

-of nltrogen and alr in the gas phase during the reactlon ‘

pand tne effect of TPP on the &ch-ketoglutarate formed

were. 1nvestigated. As shown 1n Table 3 2? DNPH—drkeuorluuarate

o
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‘*fjwes Tabelled halnly uhen (a_‘Qc) glyoxylate'was the labelledj{lﬂ

‘3 :subotra»e. Mhen (l 140) lyoxalate was used as. labelled

"‘fl ubserate lltole raqmoactlthy was found in_drhetoelutarate.,7""

'efTae ratlo of rauloactlvity of the drkeuoglutarate derlveuive B

-":nf:obtalned from (a-ahc) 51yow}Late over thet obtained from

:-::;( qu) slyoxylate varled from about 9 to 15 under the Jﬂ'

‘1f’_various condltions 1edlca»ed 1n Table 27 A reduction,f;fgsife[i

.ffa of 5?“ uas observed when TPP was omitted frem the reactlon

]fmlxture,g Alr 1n tne s phase st;mulatee by 45% the
‘.elabelling ln.dpheuo;lutarate.:i_‘3-,‘ :

These results inulcate that unaer the condltlons AT
- ;used for assay of tne<i—ketoglu»arate giyoxylate carbollgase;ft‘n‘
'hithe C2 é¢arbon of r~lyoxylate was 1ncorporated 1nto the f*rqil
;drket0f1uearate molecule, and thzs lncorporation was |

J'1 fdependene on ﬁP-, a cofactor which already ‘has been dem-d

,f onseratea to be reculred for maximal actﬁv1ty of the

' arbollgase reactlon.. BRI L ”';. N

‘.

There are. numerous reactions involv1ng blyoxylate Vf;' R
'fas substrate as-has been presented ln-the Introauc»lon and..l : ///-‘
"rseveral p9551b111t1es that throuch some of those reactlons'i. | /.
; 1abelled<drkeeo~1utarate may be regenerated from the C2 o o )

.‘carbon of blyoxylate- It was imnortant to flnd which ; “'._K

-



e

j;w,cerbon;wes‘lebelledpend;thisfproﬁlem.wasiinvesti;etedw~}ﬂf}@gwf

R .

S pext. o

3 10 2.. Dlstributlon of the 1abe1 in the

déketoglutarate molecule.,f'p.ﬁ}:ﬁ_:,f;?ﬂ!gj}]gjfﬁ,

~

'ra nxoerlmental nrocedures., hltochondria1 fractlons
fr;; ce11s rro 1n synthetic ﬂedlum suprlemcnted w;th :f.“:'“
lditéi eltper aeetate or 31ucose were 1ncubated under the standard . _
concltlons ous wth ulpmoles (2-140) glyoxylace (42? 600 ff‘;;t
.p.m ) and 4 pmoles drketorlutarate, ’or 1 hour under R
Hf,alr or nitrogen as the gas nhase.; The reactlon was  ‘s
stopped w1th pCA and DIPH derivatlves{‘ormed in the ;37'
deproteinlzed assay mlxtures were collected by centrifugatlontl
| of the crystals (experlment 1) or by total extraction “’nd
(experiment 2) .After chromatoaraphy of tne DNDE derivatives :
for 24 hours in solvent system 1 the derivatlve of
dﬁketoglutarate was extracted and rechromatosranhea in
the same system- OXidation w1th ag;d—permansanate of
D"H—dﬁketoglutarate Was conoucted as aescrloed in Hethods- L -
(sectlon 2 2 6). Oxldations of authentic D Hqi (1-146) |
- netoglutarate and DNPB-dr(E—lhc) netoglutarate were: also’

included in these experlments. _The,succinate rormed in
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"*xthe Otldatlon reaculo“ was ettracued, cqumauoLranned and

d\~counted ae desc“lbed in sectlon 2 2 5. ‘2flj.fi*~},_ ’-r'

Qesults and 01scu smon.z Nnen mltochoncrial fractions

A .
.

L?ltfron cells rown inf vntletic medlum eup*lemented Nlth
'u'f*ﬁlucose were 1nc;%ated under the assag conditlons for eh
"ﬁl'dcaﬁbollgase reactibn, Vlth GQ-IAC) ﬂlyoleaee,g nder nltroeenff?dl‘ -
\gnd:for alr as *he fas phase,-uhe DNP -drketo‘latarate becane
'“ﬁﬁffaaloaculve ana luS degradaelon uQ succinate ana CO2 by:f;‘;‘
:eid@acld-pevmansanate omidatlon estanllsled the 100&»10n of:*fd-'"“
‘5"140 mostly Ln »he l—carooxyl carbon._ As shown 1n labled

5,28, etperlment 1 87% of he raaloact1v1ty nresent 1n”
:5DLPH-1404xAketoglutarate from enzymatlcally foﬂmea drkeho—;.°f;§ul
}:glutarate was recovered as CO2 wnetner nltrosen or air vas ;'”lJ

the gas- phase durlng he enzymatlc reaetlon. When the
liderlvatlve frOm autnentlc dr(l—.AC)—ketoglutarate was'

‘foxldlzea 96m ol the label was. recovered as COE. Only'f'

1% was recovered as 002 when the derlvatlve from authertlc ‘ _
':-‘ﬁ.ob(s 1“0)-ketoglutarate was oxldlzed When tne mltoc%onarlal ’:‘{
':-fractlon from cells 5rOWn in uhe synthetlc medlum supplemen»ed |

with glucose or aceta»e was used as ehe enzyme source about

VBOV of. the.label was T~ecovered as COZ" In no case c0uld

jradloact1v1ey be detected in chromatograms 1n the place of

: ;J’_'"‘



203

P

i

oFIuayIng cmunaﬁummmou
mEmHmoquousu mnu Eoum vmuumuuxo wuwuuuaﬂmouoxufsmmzd =1 A nou:@oooum
amunmeﬂummxm :a umnﬂucmm@ -3 @mudnno:ﬁ oxoM (BW 6L’ *Y°'K'S) auuumon;uo

149

rgte°e

:oﬂuuuu :ﬁ vmnﬂuommu se wmuﬁmﬁxo ouam @uma uo>ﬁun>ﬂnmv o»mucusamoumxhﬁ

ogu @:mao A :Oﬂuummv wO:ﬂ& :uﬂk caNﬂuﬁxo geM

. Amﬁ L m..w W mv mmoosﬂm :u«: vmu:m&oammnm Esﬁvmﬁ oaumcucam Uuf caoum

maamu Eoum m:oﬂuomNu am«uc:o:oouﬂa a0 (1 «dxa) mmoosﬁ@ suﬂs ﬁmucoﬁoammﬂm

Ezﬁumﬂ oﬁumnucmm :ﬁ :3oum maﬂou Eoum “(But T uw :oﬂuouuu Huﬂuvcozoouﬂz

L % R . t.,.uﬁomouox oﬂuamsusu piMe. powxo3y
maacuﬂuqﬁmuco Eouu mumuau:amoumx UvHLsrmmzc uo coaunvﬂxo orawuwcdeuwm .mn £ oanna

-

‘.m_\ww. wmﬂ o ;... D oNN m A : . ouuuwusam
S R o -ouoxﬁo¢ﬂmv.ﬂ oFauUSsYINY
oot - - €5079° . ‘ovo‘mn, : ajeaejnTh .
S R _‘oumxﬁovﬂﬁvnu oTIUSYINY
08w o ovog's T ovee " *WH'S UT uMO6.8TTED’
:.vQHmax._w x;wrmmhxnm T 062lE , ..0.z¢m hﬂ.:zoum 81190
Lo e T T S 1WOXF - RTAPUOYOORTH -
-y Ll . . . 'z auewrxedxd
1 mw.. 06 N : a3exe3nyb
Lo T T R . ;-ouoxﬂo 15 )-p oTaveyany
96 IR £ 1:15 4 IR 1423 2 . ~e3eae3n(h
P ST O g ..o...—mx AUv._”ﬂvbo oTIUSYINY
) o't YT . A7e’BTIPUOUDOITH
. \ ’ T L : 1 n—.ﬂg.ﬂﬂmgm
mum»mhmwmw”w_n.._JJE.m.u” pm._u.n‘aE d- u~:0ﬂuuvﬂxo 203 vmmsh

4

.p,\muuum&wﬁmouwx s I uﬁ:mmzn_

Pl

- 830a@INTHOFBY-P JO '80IN0E |

.

.. oy

i

. uoraeprxo Youiy a933% pewioy-o

v



:_'oxidatlon, p

\~:i'succlnaye wacq mas formeu cunins Ve nermanganate

‘?‘As a rGSultfof these e\per1w9hus it can be con cluded'

that. under he assay-conui 1cns of the CaFDOllQﬁSE "eactlon

'Hicarbon 2 of Flyoxylate bucame the T-carboxvl group Of

‘H'”I%“idr<utoﬂlutarate.___‘*'

"”5,“ormatlon of ”CA cy cle 1nuermeu1ates oherefore the."'”*

' l'p0551bllltb Qt unce“ our etnerlrenual COanulO£

A..‘

As aas p01nted Out prev1ouslt there‘are nuuerous

.flreactlouﬁ lnvolqu lyOLyTaue as Substraue urat resth *n PR

et

"Q7d.ket001uuarate vas formeu b} some~oﬂ theae reactlon nad to

_oe con31déred. ok

In Tetrahymena uhe metabollsm of *lyéxylate (section

1. # 2) has been stuuleu prlnc pally in relatlon to the o
“f s1yoxyla£e cycle (Fig. 1. l) Accordlngly, lvoxylate‘w1ll o
:_1condense Hlth acetyl CGA by the actlon of malate synthase 'l‘
.to form malate which is subseqnently COnverted to 1soc1trate.‘
‘f:Isocltrate may re-enuer the "1yoxy1ate cycle through ‘the .

t actlon of 1soc1»rate lyase Whlch ylelds succ1nate and
‘flyoxylaue.- The succmnate so *ormea w111 be labelled

‘in the carooxyl g*oup witr the C of glyoxylate ana the

. inner caroons w1th ‘the- C2 of *lyoxylate as shoan in Figure

..



.‘\\

'?‘”-*Tals doea not auree \Quh our experlmeﬁus whlch snew

205 -

3 19.‘ Succinate v1a the LCA cycle enzvmes w111 eventually
yiela draeto*lutaraue. Thle 1ast coapound whun w1ll be
labelled Wlup tne *vo carbons from slyo late and the

X raulo 0T C2 carbon 1“cornorated over the °1 wmll be 2.~.'

(”able 5. 2?} thae 9 uO lﬁ tlmes more 1ncorporau10n f“#:-_'ige-fff;'

o 1nto drketoglutarate occurs from (2-}401 than from S :

( 1’*0) *‘lyowlme. Seto N e |
. Blum (19?2) has nresented evidence St Fseetlab tﬁaf‘J 
glyoxylate added to grow1pg rT‘etr 'mena rlves rlse to |
CO v1a the *eacvlons of uhe active TCA cycle ‘ “hxsi'
sug estlon implles that the added a];yoxylate doea not A
re enter the reactlon of 1soc1trate 1yaae but rather 1s

] metabollzed oy uhe reactlons of the LCA cycle. In thlS‘ 

hf case the dlstrlbutlon of tne 1abeIled carbon atoms from
-glyoxylate after tnree or more turns of the WCA cycle

. (?1gu*e 3 20) shows thai.drkeeoglutarate will be labelled M

o only from the G2 carbon of glyoxylaie and one-thlrd of uhe
radloact1v1ty in uheqirketoglutarate molecule w111 be _
‘located in the l-carboxyl groun. This is in qualltatlve }]

agreement vwifth the experlmenus of Table 3 27 whlch shon .

-'.that most of the label 1n<1rke00glutarate came from the
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Figure 3.19:

in TCA intermediates after_participation of _

isocitrate lyase.

?hé disﬁribution-of.Carbén.atoﬁs £from glyoxylate
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Figﬁre 3.20: The distribution of the labelled carbon atoms

from glyoxylate during three turns of the

- TCA. cycle. ™
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- Ca of l'oa Tatc. .I '50es nou a*ree hoxever, ouan»ltatlvel
} f ) 81

stw~th the e\perﬁments sho“n in -able ; 20 in wnlch about ”1-1~“
.:'qO-\?Z of the label as found 1n uhe C1 of“dpxe oﬂluuarate -

'f{mhen (2-;4") blyoxylate vas tbe labelled ﬁubstrate.j“ifﬁﬂf

'“he noq51o lluy *hmt the sorles of reacblons known

a

“as uhe dlcarboxyllc acid c“cle (DCA Fiuure 1 ;) of

e

onnbery . ana aanler (1961), may be inwolv d 1n the $0rmat10n;"f

."T‘ of&{l-lqc) ketoglutarate also must be con51aered. In
leare ; 21 *1e olstrlbutlon of uhe Iabelled carbon from
blyoxylate éurlns two uurns of the DCA cycle results ln =W:f.£;?*f
mala»e labellea as 1@d1catea mn:Ls malate after one-uurn “:' ‘
i “in the TCA cycle w111 vlveci—ketOW1u»araue 1abelled orly
;{ wlth the C2 of glyoxylate but 50% of the total label in
: thecx—ketoglutarate molecule w111 be 1ocated in. the 1—carboxyl
groun- Succ1nate labelled at the 1nner meohylene carbens'
will glme rlse by uhe readtmons of the rpCA C}cle [63 1gure :
3.20) tocx-ketOFlutarate carrying the label from the Gy
of‘g yoxylate ana of the total Wabel of »he molecule -
only One-uhlrd will be loca in uhe l-carboxyl group..
Agaln thls klnd of dlstrloutlon of the label does not
- agree Witk our 1'~esul'1:s (Table 3, 28)’. ‘-

-~

In all three of uhe above DOSS‘bllltles a ?unctlonal
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- condensati
"‘;enzyme is re
‘Z(bogg*and Rornb

"malaee syntnase 15

""7tea with qcetate.-'”he resul s of" r"able 3 28 homever,

'jdlscu551on on - uhlS topic ls resewved for K-S lauer sectlon N

'ﬂmalate ey “ée was reouired eo cata’vze-thefihitiel,T ; '

< of *lyoxylate Wlun acetyl »oA. Thms

'-beed Ly *lucose aﬁd stlmulated o" acetate

lQ?J) ln eetrahymena., If 1ndeed

"volved as the ’irst enejme 1n the

‘fD¢ 1sotoelc 1ncorno“at10ﬂ into:i—keto 1neare e in medla ,ay}‘”

Ca~

‘*r.supolemenue th c*luz:c:se ane stlmuletlon 1n media sunplemep—l

'show t‘at rrowth in the nresence of "lucose or acetaue
. resultea 1n mleochoncrla able to. fbrm labelled tx—&eto—'ff' ;

e Sluearate A0 about the same extent. ' More - detalled 1', S

v

'(sectlon ; 10 5)

_ hor:ratlon of mGA cwcle 1ntermec1ates from 'ljoxylate‘_ -
- bv reacelons whicn do. not 1nvolve tne pareic1pae10n of

1malate synthaSe has also been reported ane vlll be

'[

”N'con81dered below. These last reaculons ‘may be. important ln”'

anlmal tlssues ana in ‘higher plants where malate synthase

'-:has not,been conclu51vely demonstrated (sectlon 1.1.1. A)

as. a p0551b111ty for the ox_datlon of glyoxylate.i

Payes and Laties (1963a) have nronosed a cycllc

Y

210

';-scnemes showr 1n fldu}Ls .19- 3 al onepwould e\nect sunﬂreslon j_u



s:- r‘_iﬂ}jffffmjy.g-iffji(i*' Lo A -2

'amec dhlsm ¢ora"lyoxylhte oxidatﬁon hﬁcq 15 denendenu en-‘g
"{::tre catalﬂtlc na‘t1c4waelon or pyruvate as shown 1n fi~ure
” 22.J "he c;c1e lS 1ﬂ1t1ated b\ a condensatlon reactlon
ﬁi?betneen ﬁlyoxyleZe anu eyruvaee to Porm\gL~ydr01v-d¢fj,';‘

'ertorlutaraee (sect;en 1 L C) This last compouna mgy be _f";-Vf

"'foxwd ively cecarboxvlaeeu to malate bV‘an déketoac;d

.' .

‘dehyerogenase and a peretidase- The former enzyme was
founc ln rat lrver mltochonérlal breparetlons anu in yeast

< ;anu was net _dettlcal dlvh drketo 1utarate uenydroﬁenase.ig};\,,,*'

R

'f:[Tnese reactlors clc recumre TPD anc marneszum.' “he latter

'”}f,was not replaced by manganese.~f;f"'_f ﬂe 1{:-“

I¢ catalyulc amounts of nyruwate were present in o
four mmtochondrlal preparatlons or were formed oy tne DCA .
7,cyc1e (rlg ) 21) tnen drketoglutarate could be rormed R

' ‘from vlyowylate (Wigure 3 22) v1a malaee.; Malate formea\

'ﬁf after two turns of the cycle w111 be labelled in the manner

}-shown whlch is ldentlcalfw1eh that. obtained in the oCA chle;
’_(Vié. 3. 21) ‘ 1~“'c:>r tne reasons alscuSsed 1nsconnectlon

.Hlth the DCA.cycle the uhus 1abe11ed malate woqu glve

.rlse, g;g t?e reachono of the rT‘C.!i. cycTe to drke»oglutarate
) labelled W:Lth the C, of glyo,;ylate and. of the total..label in
lthe ketoacz& only one- thlrd dlll reslae 1n ehe 1-carboxyl -

greup.
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. jﬁjhﬁyd“OYy dr* to~lutarmte can’ also bc'formud fromf&f[\r '

}Cﬁe‘nonenaymatlc or enzymatlc cordensa*lon‘ﬂf 13,..'.nﬂ:5r'1a.te.w :

'_." aﬂd.ot ._acetate (sectloﬁil 1. 1.D) The 1n1t1al nrounct'i‘?LW“ o

...'{;Ef thls conaensaulon reactlon is oxalsmalate xhlch decar-.l

_."Tj:xooxylates to glve g—hydroxy—dkketo 1Ltarate.' The' evolved

o }f:uoa cor“esponds »o tno @—carboxyl rroup of tne oxalomalate?.
fmolecule. Therefore the same alstrzouuion of waamoactxvm.y~.

 “. *1n:irkeuoslatarate w1ll be obtalned as that. Llscussed

~,

nreviously ln connectlon Wlth the 1yruva»e depenaent oxldatlon

f-o? rlyotylate (Flgure ; 22). . ﬁj | ';f_i, s '“7*
. N 7‘ AR _ S Vo Ll
L e e -p~L~u”": ST
oTo- SRR« o S CO0E -
R TR A PP U WL .lcd.lig R
S C= 0 T COOH P 'CHOHZ T 2 - 'CHOH
TR, - F ‘\'cso — lCH ~'o00R T T crza
Lt CORE. T T ; e ?fQ O c 2‘Q.
. T b e

T T o COO& ' o COOH L
TV SR S . | OXALOMADAPE a’-hvdrow-d |
R IR AN | eto-glutarate -

Thus, none of the known nathways dlscussed in uhls '
"seétaon appears to account for the 1abe111ng of d-keto- - -
Qmwmeﬁmhl%)@mmhwlnwrwﬂm. '
_ »

Recently, Nang et al.,(1970) stuaied in vivo and in

.“ -l o . -



‘faﬂfRV1»ro the: metabolism ofh)droxyleVU1lni° acid (HLAJ

’lﬁformet by decarbotylnulon of'd:hydroxyﬂ@rke caalpic aC1ﬁ

"”Vﬁ (HKA} the przmary nroduct of the<1rketorlutarate-"lyoxylate

"Icarbollgase reactlon. 'uvldence was nresented for the formatlon

“f;;of l":’C aspartate,:lQC-gluuanate anu 140-J—am1nolevu11n1c

"ﬁ‘fa J;aloxovalerate as 1nu cated 1n\vigure 3. 2;.~ The C1 _

7..glutarate, were in fact detected by Gkuy

l‘ transam::.nat:.on. N * - '..

.

3‘uha;:ELA may-be convertea\to drketoglutaraue ara ALA v;a

reactlon in the' resence of (2-140) glycmne. rrlhe latter .

;_ac1d (ALA) when lkC HLA was 1ncubated wztr boylcated rat j37.

'fiwllver mltochondrla.‘}~ormatlon of uhese proaucts sugsested

)

1‘# of. nLA became 05 oi’drketo 1utarate, ara aopartate can be¢‘:; ;,
";'formed from dr;etorlu»arate V1a TCA cycle 1ntermec1ates.~ ‘Acy_1l'
| iOxldatlon of lL‘C HLA to 1“c02 in v1vo uas also sboqn 1n_

.‘*he rat

d (l—th)ketoslutarate as, well as d;:?c hydroxy- . '

g ‘A
incubated under simllar concltlons for the carbollgase

was presumably flrst converted to (2 1403 glyoxylate by

The natural pccurrenqe of)c‘-dloxovalerate (DOV)

" the aptermedlaue proposed by Yang et al. (1970) in the

214

when cell extracts of Phodoseudomonas spher01aes were.i
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CHZOHI‘ o '.‘ - . -“'-‘. :V' ‘ A ) .CHO R ' N - ‘ .-ju. K RN .

5 hydroxylevula.nate ' _‘-";"_'2;'Sf"dioxo\‘(eler‘ate"_-” _“ Ca
(nm) o R | |

'Co N ‘ "-‘ i g_‘ "--

om0 R
e z __L> “c-aspartate‘_"_ o

o .. d-ketoglutaxate - . = . - Cglu | -t?"

* Figure .3.23:‘ Metabol:.sm of. S-hydroxylevulrnlc acid in the
- T ' 'ra.t,as suggested by Wang et 'al.,(1970).
; \ L L H‘.I,.A was formed enzymat:.cally under’ the assay
SR oond:.tlons for d.—ketoglutarate glyoxylate
" carboligase; The compound was isolated from the
.‘.;.ncubat:.on mixtures through column chromatography
(Dowex 1x8, formate form) . The (1 c) label in
HI..A cames from (5- 40) ketoglutarate,and the -
(s-1 C):Ln HLA cames from the. (2-Y4c)- glyoxylate.
' Aspartate was 1abe11ed only from (1- 4C)HLA, and
'.'::L of HI.A' is not the cl of glutamate.

4
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abolls. of.hLd,*and lts\ nteroonvc*s*o“ wmt*_-
'fci- olevuﬂlrlc ac1d (nLA) “nt“ats ua demd nsuraucd b"~
1ssel ana mellﬂcver (1060) A Snec1f*c transaml asef nf NI

J”“wnlcn 13 ;aought to bc lqvolved ih tn_s 1nterconver51on

'3f{was shown to ‘oceur in a varlety of'oruanisms 1nc1ud1

g

'Qfgmammalg photosynt ctlc and non—photosyn hEvlC bacte“ia

: vﬂfanc albac (for reviow see uerzykowskl et al., 19(3)

DOV had been postulaued oreviously as an 1nter-l\

:,medlate in the formavlon of succ1ﬂate—*lvc1:e cvcle ‘f‘

"(asemln anc‘ ussell 1953, l°5k) Shemlq anc ?usséll ‘

_(1953} fl“S» p01nued ou; the POSS’Olllo} uhau.AhA mlght :E;_ Z'5 “
SLVG rlse o a "one caroon unit" a“d suCCﬂnate after e

"hconwer51on to 1ts aluebyde analogue, DOJ by way of a
ﬂcycllc mechanlsm (“15. 5. 24) ' In searcb of uhlq DOSSlbﬂlluy

'”TNemeth et al., 1057) gave rats and plgeons (5— QC)ALA.

'.:Radloact1v1ty was - ’ouna'ln phe ureiao 5roup of guarlne and
'5of uric acid ana in formate. Tﬁat 1s, 4'h:.s carbon auOm

appeareq uO furctlon as -a "one-caroon unlt" whlle the '

:'7remainder of the AAA molecule was, recovered as succzﬂate.j

:Slmllar results have also been obtained using tﬂssue

sllces Wluh (5- 1#“)—DOV (?raursteln et al., (1904)
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‘.Jlamiho1évﬁlihate‘ '

Figure 3.24:° Succinate-glycine cycle. (Shemin and "Russel'l,1953)_.

-

-
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' ﬂcccntly Snibesaca (1072) sug;es»ea »he occurrence . -

~ . . ".

' -30£,§' uCCﬂn“te-glyc1nu cycTe as repreoentea in- “1gure ~}r;'f g'@

Car

fas a whole 4in® ona organlsm, thou\\\somé ol the reactlon

[

= 13;25; ?hoaosnerlllum rubrum. -This wor« seems to'"lve

Le r1rst exﬂerlmental evxdence'uhat tlis athvay o“erates

Y KT

‘f.Stens lnvolved uave been founa 1n varlovs orsanlsmé-_~

o Sh}gesada d*a not stud} *Le p0031ble occurrence of tne

. :
ernatlve cvcle orlslnally proposec uy ahemln anc Dussell

"(1953} Nthb was pos»ulatea to catalvze conver51on of the ;fffiif"

—é-carbOn atom o; ALA to a'"one-carbon unﬁt" r"he maaor

Fd

‘metabollc nroaLcts produceq turoubh the new naunwav from

j;(s-;ACDALA were J;amlno—&Lhydroxyvalerate cL—hydroxyglutarate

and rlutamate..llhe exlspence of the sucﬁlnate-glyc1ne cycle

rwas fu*uher suos artiatea by demonstratlon of two enzym

'Vactiv1t1es a -1yoxa1ase system ana D—arhydroxyglutarate

dehyqro«enase, 1n cell free extracts.‘ ‘0Of the reactlon

steps in the proposed natnway, only the enzymablc mechanlsm

.of DOV formatlon from ATA ﬁas not eluc1dated, 1n accordapce

with the reported 1rreverszb111uy of the transamlnase‘

reactlon in expracts .of R. sger01d (Leuber” ‘and Tune .1963)1

1which favors ALA forqatzon.
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“:kconver81on.01 acueu drkcto 1utaraue and . aaaed labelled

l‘f:”lyﬂkslate to SRCCLnyl—Col anc lvcine, respecu1vely,

vas 30“51de"ec pOSS‘Blc bu» nOt vor like1y that :
1tne succmnate-glycmne cycle rl ht be resnonsmble for uhe L
'f3labelllnb of drhEuorlu»aﬁate 1n our e\\erlmental S‘:te“

AL

- (Fig ; 13 ) Tkls “OSqlbllltY wouTQ presu ~ose the

;b} m;tochonarlal enavmes w¢tL the ﬂartLC1natlon of enaobenous

'.jsubstrate ana cofacto*s-: An autEmpt to cemonstrate tne B

. oneraulon of the cycle 1n our sxstem is descrloea 1n tne  .'*'

follow:.vb sub-sectlpn.‘ S '

10 3 Un the part1c1uat10n of the succlnate-~ o

oy

313c1ne cycle on. the formation ¢* '?*ﬁLﬂ,“

ct.—-ketoglutarate. R

“'Expérimental*procedures; Mltochondrlal fractlons
were obtalned frOm cells grOWn in synuhetlc medlum

’supplemented with lucose, by method B (section 2. 2. 4}

Incubatlons were carrled out under the stanaara
;;dssay condl ions (sectlon 2.2. 5. A) but ip the presence
of q,pmoles (2~140) rr1yoxylate (222 800 c P-m.) and L

}umo".!.es o{-ketovlutarate or L p.moles (2—1"“‘0) glycine
(112 800 ¢. p m.) and hummoles d-ketoglutaraue. The 3

mztochondrlal ;ractlons contalned 5 mg. proteln. "The_ 
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e

‘  fréact1ons nere SLOP“ed xlth eltber “CA (O l ml ?Oﬁ)

".dor “Cn (O ; ml “O“) r“ot.al collect-on, cxt*aculon‘

. “n

"and countlng or “W»H derlv twves fron the PCAauenrotelnlzed
' ‘_'reacta.on m_u\tures wer e conqucted as cescribed (sectlon

‘ja 2.10 BJ and chromutography of the DVPF'GerivathGS was :f;,;'ﬁ

'”aone in solve .stten 1.

-
-

"Kna ysms of am*no ac1ds formea duvlnu thu q-kevoglutafate.‘.

& lyoleate carboll ase reactlor was pcrforned by column

-.cnromauoﬁrap y of t & TCAsceprOtelPlZEQ reactlon mlxtu_es Co

" ase descrlbed 1n sectlon 2 2 l;.; R

'u A

wesults and ulscu551on. Hnen tne muh—ceproueldlvedj”'

. S

- *eactlon m:x»ures were passeu,.=1t?out added lhc-amlno

‘acwd throu”h a column for amlno ac1a cnromatog aphy, two”

| radloactlve neaas were. obtalned. _The rad10ac~1V1ty
-:etureSoed in c. . D- Tiey contalned in ihese neaﬁs 1s shown in
- *able 3 29 7 The most radloactlve peak 1 aupeared in a
19051t10n smmllar to that obtalnea wben authentlc 1“04‘_
;ﬂglyc1ne was chromatographed. Peak 2 was. obtalnec at a
.p051t10n smmllar to that of authentlc 1“C—aspartatey
Verlflcatlon o? tne 1dent1uy of the amlno ac1ds was.

-'accompllshea hy Qo-chromauography of +he deprotelnlzed

reactlon mlgturesaulth authentlc_labelled‘glyc1ne and

221 %
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j'aSpartate. fThe Tadioﬁc eluclon pat T“1'1".frf?'m'-1:hi£‘, .
”Qlas*-ch*cﬂatouranhy hcxed two ce:k Vand~thefiﬁ‘rea5e_”

iﬂitte ccupts of OuC} pean cor esnonaeu'uc the.: 'déitionél‘
ﬁf;countb frdn acced aucbentlc lhc ‘1yc1ne and ;?“—acpartate "_:17“

as 1° suown 1n *ab’é 32 29 _" 3@ 'f f‘ t-c'fﬂjg.ﬂ |

\These resu1ts 1:a1cate chat durlng tne assay of

ffd-ketoglutarace:glyocylate carbollcase, trmnqamlnaclon of | jc?. R
iglycnylate w1th encoseﬁcu glutama e alsc occurred uhlch_,--
}lresulteu in "IVClne ;ormaclon. Tne other amlno acwq obt ained
 -from che reactlon mlxtures behaved as aspar ate on romato-..{i?
:granhy but lu 1s not u deratooc how (2 1@0) glyoxalateif

c“mmghc glve rlse uO uhlS ﬁml 10 acid under our CODGLulOnS,

"51_51nce a—(l-}#C} ketoglutarace COulq ct give rise 0 |

-4labnlled asPartate.' On tne ochcr nanc, DWT“ IQC-d-ke ogluca-
'rate was ootalned from assay mlxucres wltn (2-140) glyb\y7até

‘but rot frcm m,xcures wltb (2 qu) glyclne (”able 3 29)

~ . -

It can be concluced tnat al hough glyc1ne coqu
.be fo”med oy 51de reactlon in th e assay mlxtures the
succxnate-glycmﬂe cycle was: not lnvolved 1q the’ ;o*matlon

'of‘quetoglutarate urder our experlmencal COleulOnS.

5.10;4.. A p0551ble cycle to account for our

observ clons.




.

"rff

.

.. - i : N . . . . s o - ﬂ-
h - . . . . - .

sectlons Lave eycltaod uLG part*c1“at10n of 7r 1ate synthase‘}f-‘”

¥

and ancLWI Ty reac ions {uectlon_; 10 2} ara ofs the Jcc1naue-5‘

'"lycine cycle (Seculon 5% lu 3) 1n th\ 1ncornora.10n of lubel

fron ,lyom}late lnto d-ne%o lu»arahe ae*crmoeu 1n sectxor

10 1 and 3. 10 a. Lo et

}1 cycle si mlla:‘uo_uhat wuge g b VSnlgesada (1“(2)jﬁu

-

( i _ .25;, vhlcn,aoes nou.cepenn on 51"1 .gnd succ1ny1-gf.--"

CoA was conszderea as belnl notentially Y‘e==ncn~.s:1.‘t:~la for -hejii

ana is sqown lﬁ “1gure 3.26 :

»\ . e

mhe ﬂlyoxalase enzvme 5jstem consmsts of tv scnarable

enzymatlc stens 1n uhe conxerﬂlon oz 1euhylsldoxal uO

laCulC ac1d. ulyoxa_ase l (S—lactoy Dlutbath:.one{‘

';;\j;%ylslyoyal 1yase, -EC 4 4 l 5) an glyptalase 11,

(A—Z—hydroxyacyl-glutathlone hydrolase, € 3.1.2. 6)..

' mhe';_;lyoxalase system bas beer -found *o be v1ﬂely dlsurlbuted

1n anlmal Llsoueq; planus ana mlc*oorganlsms (for revzew
sée Racker, 1951) ' Tne p0531b1e natura* substrates for
glyoxalase 1 ana glyoxalase 11 1ncluae methylbljoxal

( 2acker, 1951), pdosvbohyc“01pyruv“c a’aehyde (Weever ané

Laray, 1901) and hydroxynyruV1c alcehyde (Qeevec ané. "jl

. Tﬁc rcsult“ a“d dﬂscu 1on 1h‘tne “r»V1aus two sub-.

224
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(1 96 J necercly, uhe envymatlc forwaclon of the uSE

“"-;ester of DoV by‘the actlon of purl’led g1yoanase 11 to f -

'c*orm D—urhyd*otyglu»arate.has been renorted (Jerdykowski

: ,;et al.,la?g) The reactﬂor 1s irreversible.: was '

":"--'_[suss\ested thac one of t‘le meta‘col:x.c ﬁxnctions of the. sly- A

,:oxalaoe system ay e to prov1de a mechanism for the eqtry

iof DOV 1nto the TCA cycle. 'x“'
o w .

: Partlally nurlfiec D—&rhydrcxy acid dehydrogevas-';
i'R. rubrum (Shigesada 1072) anneared to be hlghly 5pe" : ‘
for drhydroxyglutarate, and the D—isomer was a hetteffsc:st: pe
than the L-zsomer. The enzyme reduced cytochrome o “ ) .
1“02 cbtalned frcm R. rubrum as well as 2 6-dlchlorcnhenol--

: mePhenol but dn,d not ut:.lize NAD* or. NADP -as a redox. acceptor.?fw--

.“has been renorted in. varlous mammals (Tubbs and _ ‘
.L.Crev1lle 1961 Cammack 1969) and in yeast (Boeri et al.,‘
1960).\The enzyme catalyzgg-tgc oxldatlon of lactace and
t.stralght-chaln homolcgues glycerate malate and . tartrate,
and was specific for the D-isomers (Tubbs and CreV111e 19 61;
Boerl et al.,1960) Ther:;seems to be a sﬁ:ong -
, possiblllty that D-d}hydroxygluta&ate is a natural substrate-
.tThe enzyme is a flavcproteln and no actlvity was detected

with NAD® NADv or oxygen as acceptors though a weak
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e HCOQ“fCha-C¥2~CO COOF -5H;;Z—9 _”FOOC- :fcﬂa—?-ccﬁg R

B SRR Sl S e FETR TPP. )
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'
CH..

: L T ‘ : 0
: et - oo -C~-CH.

hooc-cyaqcz—‘2
oo Ea

| ' 'mhé eomﬁTﬁk;of;drhydroiy4j-carboxylprbpyl.. TER
~wx»h uhe enzyme reacts v1th rlyoxylate to yield nﬁA and .
coa, The opontaneous decarboxylatlon of ﬁKA then ylelde g
) :HL The above reaculon mechanism is s;mllar to that

. wleading to the formatloﬁ of é—amlnolevul;n;p ‘acid catalyzed _' &
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i . . .o e . ) y »
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.g"’:CHE ‘:»“Vf-v" COOJ--f‘; :7l:“gi9§?*n{,: Y
‘ﬁ:uo ~SCok. e -1”5-”ch?*“""; AR

DI | -

om
-

-f:,capwaa
- - ‘COOtr : . T
: d—-amino-ﬁ-ke‘toadlﬁate -« Am -‘
e e e R N Y
_ Et ;s belxeved u?at d-amino—@kketoaci,ate,,whlch 1s SRR
a’ structural analoghe of HKA, decarboxylates vlrtually‘ ‘l e
"“;ilnstantaneously to y&eld xLA in neutral solutlons (Laver 1-  f$ ig"1
et al., 1059) Recently, 1n.stud1es on the mechanlsm and | |
::suereochemas»ry of 5-am1nolevu11nate synonase‘reaculon, .
L'_‘Zaman et :; (1073) postulated he formatlon of a Schlff .
:jjbase of dramlno—ebgetoaalna e an nyrlcoxal phosnhate. ‘
_The 1at»er—n.ntcrmedwate may then yleld AL& after decarboxylatlon,
‘elther of, the free or uhe bouna dramlno-ﬂpkeuoadlnate. It is .‘\_y(}
n0551b1e that the’ limlted evoWuplon of CO2 prior to the- ' |
T'addlthH of acid to the reaction mlxtures (whlch “will. be{
underestlmated as a result of the nartlal alssolutlon of the

€O, in the mixt ures) represents tbe suontaﬂeous cecarnowylatlon

-

:5.
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":ffof:throu¢h tke reactlons of Fl - 3-35 r.'"réo'lo‘o‘ 7

S T R T . N . v i
Yo s . L ~.

. S w . ~ - ‘\‘,
x' : - - ’

"ftﬁof KRA tor“LA uhlo, s finally conve“ted to dr1etoglutarate

B

It is TJSolDle t“ao 4 ﬁ-decarboxylase mav etist uO

'.

' atol‘ze tno oecarbomyla 1on of. Laﬂ as is: %e case for T

:‘ﬂfiacetoace ate decarboxylase' or ohat ﬁkn ma& he aeoarboxylated

g”by g-hyovoty*drketorlutarate aloo’ase (seculon 1. 1 1. C)

l“wn;cL receﬂtly nas bean fouro to catalyae the @—decarboxylation
“-Hof oxaloacetaoe a“ 50 t%e rate of g-hyd‘oxJ quetoolutarate

:_c1eavage (Kooes and Dek:er, 97la) Al&o @—decarboxylatlon Qo"'

?”of oxaloacetate was reporteo by Z—Heto-p—deoxy-o-“hospno—F

‘_gluconate aluolase (¢ngram and Hooo, 1066) but in thls Qﬁ

‘ Jncase the *ate was 0. 53 the rate of a-keto-g-oeoyy~

i phos hogluconate cleavage. xne 3-hydr0k\—drh&tO*lUuaPa»e
i alaolase act1v1ty loca_lzed 1nothe rltochonorlal fraculon
'.from rat liver, presented a pH qoolmum at’ o .8, and about

. 1.0% of tne act1v1ty was-*ouno at«pH 7 (Maltna and De’ker,
"1964) Elgh concentratlons (above 6 mM) of 5lyoxy1aue pave 3
been observed to lnhiblt the conaensaolon reactlon w1th

‘pyruvate (Rosso and’ Aoams 1967) It has been suagested

og'that glyoxylate is bound nonspec;flcally by v1roue of luS .- e

";“ belng an analogue of pyruvate and its oinding by the eﬂzyme

may not . be pny51olob1cally S“”nlxlcant (Kooes and Dekher,

Il9?1b) due to the usually low conceotraulon of -lfoijaoe

'in mammallan tissues. .
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'r;_“as beun detected.: L* tnls lS true t en DOM coqu arlse

NES

- . . <

'.Sippejthe eou llbrluw of tle uransamlnase weaculon

i,'“t \as sug;esten by Tai (106Q\ thgt;}
'_; ndA transamlnasc may‘be 1nvv1ved ln AL syatnesis 1n SOne I
F-S}Stets, nart*cularly *hOSt ,here no ALA uyn*habe actlvl Yo

.

frOm HLA anu hen be con erted ‘nto ALA (”1& 3 26 )
reactlon 4) anc fmrther ipto pornhyrlns cr, erqatel},
; 11to “CA 1ntbrmga1ates.‘..nls C}Cllﬁ mecnanism‘would ensutetft“
;tthe complete oxiaat*on of lyoxy*ate wO Nelo) O anu would conurol

the amqpnu avallable fOr omldatlon to O\alate (sectlon 1 l 4}

.jf} T‘1.'Lz“ther studies on ‘he posoxble cycle shoun in

Fﬁgure p 26,.requ1re the- cet ctlon of at leasu tne *Tyoxalase sys—-,

‘em and D—drhyuroxyglutarate aehydrogenase. Hhe.;.r nresence.#

in Tetrahymena 1s very lakelj sznce they are wlaelj

L

--dlstrlbuted amonc oraanlsms. ZKA is- not avallable
commerczally. Durlflcatlon from enzy atlc veactlon

: mlxtures 1s.‘“eoret1ca11y posszble out no attemnts were
made to accomp1ish tnls. Instead a correlatlon studj
between.daketoﬂlutarate glyoxylate carbollgase activi

VoA

anderketomlutarate Tormatlon was unaertaken in order to

L) .

establlsh whether factors affectlng urg'carbollfase acth1ty

also affected the labellln of'drketOPIutarate.‘

-

)

(¥ g;u3125)“is.toya \AA poductlon (“euberpe, and ‘urner,t Qﬁ'”
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10 5 Cor*elatlon‘between drmbtﬂ latara»e lahellln~.;;,“- e

apaqx-kctoalutaraue lﬁOkvl te'l cgrbolzsaae..u”

Wmnerlmentalvnrocedures.. Cells uere rroxn 1n S"nuhetlc

‘\\

&edgum and. nvnetlc meala sun*lenertea -H*r elther ucetate‘

oifglanseJ

LN .

-as ce crﬁbea in sectlon g. .;.. mhiamlne-

de*l ent cell ‘were ob ulﬂed from cu¢bureq‘co lnlﬁ*:_m'

O._- & tn;am de*_-rCl ‘ver. lOL ml :eulum.‘;unzvne act1v1tv5

‘
-.,o-.-.-

",and DG.L—drkeyo luuarate cxtraculon ana counting trere . ‘:'\H"*

- nducted as uesdrlbed 1n Scc 1on ;.,.5.’;(_:fﬁ

¢ o
Ve

Yaa

esu’tS and dlscu551on..Tab1e 3 24 szows the aoserce g:f”'
of effect in the presence of acetate anu 1ucose curlnb

'frowth of une orranlsms on the 1afbclln.nU o dﬁketoﬁlutarate"

and on the q151v1tles of«x-ket091utarate glyoxy‘a»e carbulzrase

3

and<irketo§luvarate decarbox3lase. .Tbe latte* i‘iﬁf wgs :
dl;cussed earller (secglon 3. 9 3) The act_v1ty of

q—kcto*lu?arate lpoylaue carbollsase in the nltochonar1a1-

3

fractlon from.cells ~rowr in svnthebic edlum was abau »he’

‘?saje as unat found 1n tne mluocnond*ial f*aculons ’rom

f

f"\.,/
-cells 5r0mn 1n meala sunplemented with acebat

‘e

The act1v1ty in- yhe sunernatanb fractlon xas

or slucose.

-

oout-l?%_-_ S :
'the act1v1uy found 1n the mwtocn0nar1al fra tlon from
‘uhe cel’s grown in the synthetic medlum. Ace aue or 1ucose'

:_adaed to tnb Bnowth medium alc not affect tke supepnaﬁant
- : ' T A
: actlvity. ' L :



e XA

‘The O(-xato glutarate labelll £ in the d t‘c‘c;:oﬁe\-iar

“fractlon, neaauwed 1“'“N”L 14“ aerivaulve, was not3ﬁ’V’~'""'

--affected by ;qucaae ar acetaue.‘, e’ ounernitaqt frmctlong .
‘;rom cells **own under -~e'tbree COﬁQlulORL were aWSo‘able

Jto fo*u labclled.upcetoulugaraue aut t%o labelTIE* vas
‘&ini about lq”Lof that obtalned rom *he;m;3QCLpndrlél}:' '””'

.fraCleﬁQ and was aluo u"affected Dy -glncose‘ahd'acetaté.f_,

mhese rmsulto sus mst una» qr&eUO“l uaraue lyoxylate S BN
';.carbollrase is a ccnstluutlve GHQYWQ anu that thc 1abe111ng R
'ofwx-xegO“luharate 1s b“ou*ht abou» uhrou h s»ens # 1c;

‘;jalso seem nov to be affecteu by tne Er sence of acetate or
. -lucose du'ln grovth. Th&s 1s fart e i'ence that
_mala»e synuhase is not anvolvec 1r_ the netabollsm of -

PN

J—lyoxylate, as was alscussec earller (sectlon 5. 1u.a).

Table ; 25 (Sectlon 3. 9 2) shows the effect of thiamine l "é-
deflClency on une carbollpase and on uh formatlon of |
-:drketoglutarate.r_”he mltochondrlal fraculon frOm def1c1ent
cells haa only 51v carbollgase aCulVluj of the normal cells
fln exper*menb l and 32% 1n exnerlment 2. The.actzt;gy'ln .

the sunevnagaro fraculor ~rom deflC‘enu cells was LT

‘.comparable ta that found in normal,cellg. Less drketo-f

";"lutarate was labellea when the mltocPoncrial'fraculon.from

de’lcient ce11$ vas used (lab1e 3 25) qu% of the control o



7.*1uuargue-glyoxyla* carooligasg_mad oe 1rvo1ved wr: he i@f

--*1abe 1p, Q¢<1- cto*luuar tc wnun mltocroqquul fractlons

- . ~ ~ ¢ .
‘fval“a ahllfcund:iﬂ siverin c.tbl"and:é7ﬁ.iﬁ5é£;§rl at 2‘.- ;} : i
“th 1s 1nt ‘tihéyt§fﬁéfe'fﬁétgﬁiiéﬁiﬂé;‘de**c*evcy S 57?57s§;‘.
‘reduced uo practﬁcaA1 ecLaW ue"récs the act*v1t"\ |
ﬂthe car“ol ' se<ggd' he caﬁacxty.}Q*'drﬂo*4*luuara»e};;ﬂ:fﬁ7ak ;:H
:‘ﬁWabelll . ’{‘:  gF3A‘Hj_?ﬁa::f.: SR _ -‘.- :';fj'-

”hc rc ul s SU“EO“u our su;;esblon‘that‘d:ke‘

s
v ' LA
-

.

)

: f”om Tet“abvmera are. xncuba :i the sabsurates anQ N

:cofaetcrs ’or tne*carbollbase reac+1on_, 'f;'_. :ﬁ‘;;-'if?ﬁf;f ,fwf
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CHASTER 4 :
. AR P ! B ' )
Q}Aq
i ”he lbal alm o? tpc pruaenﬂ researcn, namelv'if“i7~““ '

' -

the otﬂdb oi IT?dr&utO utaraue cepewaeﬂl “etsbo;lsm

of ulgoxylate in Letrahymena w as n ued-ov°uhc 1n1t1¢l

- o q P

demonstration of hefc 3ma;*V

co“dehsatlon Lcuxee:.|7f
drmetOFIutarate aru *lyoxalate catal)zed by n‘f'
,drketo luta_a»c gWyowylate carbollgasc ﬂf rltocnonarlal;f'

Cpr en ablons.- Tne 14realate n*oauct ox.uhe “GGCulOn, f.F  RTINS

"1L5A; was‘nou A elf 1scla el

A

,3nomever 1»5 ceaarboxylaulon.u'

.proéuéth g was ﬂdent*’leu chrOnauorraanlca_ly.
SN ’.

._Attempts to purify uhe enz}me .alled cut som

-

ﬁlnCulc sgucles '1 to mitochond ial nreparatlons revealec

'nroyer ies general abreemen» w1t%‘tnose rePOrted for

the enzyﬁe from other sources. o '_ . .
S ‘ . i L. - “ : o

o r"he enzyme appears bo oe COnStlqulVe in- tha its
_V1ty dld not,change oy the 1nclu510n or DmlSSlon

durlng grOWuh of nutrﬂents sucn as acetate ana hlquse'

_uhlch afféct a varlety of other enzymes in ”eura?xgena.

‘The CarDOIl ase of beef-heart mltocﬂonavla has been
" shown by others (Schlossberg et al.,\l970) to reside in’

" the cd-ketoglutarate dekydrogenase ﬁomplex. tnough the | -




v
*

ademonsura ir 3 ulPQCtl t at;t;‘sfi' alsc* true o the

etrahywcna enz"we,.lnal“nct vmoewce.guh\orts the,;;;Vﬁ;
' 1dentxty f caroollgase anc e dehbarc e"ase 00mnlek.- ;‘f

“ ”hu t was-iaula bbab tnlajﬂne deflcgunCV‘ nd ‘the

‘-auﬂrch o” acratxon \sua 1c ar agltaued ce VI.af’ c*'d“

‘f{t“e carbollsase anc tne q-“equ te decarboxylase 1n _"

}a coorclnate mapner., The: pny51olog;cal s;gnlflcance o; j‘f:

'ly;thls fl&d‘ .dan ot be deduced at this wc._

',fé. ' An Lnnno m comp una capable of ’orml 5 an osaz“ne

ﬁtn 2 q-dﬂnltronhenylnyarazlne was - deuectea 1n tuc

.3"assay_dlt+ures._ Tb is 11k;1y uO ‘be: d(3 -dlhycrOTJ-Rnsa--ff§ :

.ketoplmellc acld whlc% uoula 1nc*cate phau a.secowa molecule

b -1

0% "1yoxylate conaense iu 'ﬂhA {sectlo l 1 2: B Vla.i_.h).

-

An 1nuerest1“g asPec» o? ou” rerk aas tne f1 1g

-

T tbat dr(l-l#C) ket061utaraue was proaucec in the assay

!
:

m*xtures in tne “reserce of unlabe7lec.dr{ctorluuaraue aAQ_A
“'(2 140) glyoxylate. ”hls subgesteé afte” etc1951on‘of
several other p0551b111tles (sectlor S 10 2), e'opera»ion-

of a- cycle resnonsible for the resencratlon ofci—ke»o-

.glutgpate.

"grhﬁpdtﬁetical but not, improuable cyele is.presentéd

to-account for the rrﬂeneratﬂon.o d;keto#lu»arate (Fig. =~

3.26) based on our data ana_tne work of others (Shigesada,

235
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- . c :
19?2)@-'?;Q'meébcrs‘éfrthe.éﬁéicjaré Enown. tu occur \“5‘¢_- '   Tf}'

_-{pafsﬁéiogﬁéalifffyTLﬁ required {enzynes er e“t quuC: R

o PIOSOERERAY L - T e _

"~-ﬁéé$éd}f¢r‘thé 5dpversioh af drhvd“otb—ﬁ—%c oaalpaté‘,“ C '-*'}[»i
COEERTReREL R A . ‘

. J{tbfé;ﬁya?oky}ev ulinate ana hhe CORVCFulOﬂ of tae | . -

_1§5té£ftb di x0 alergbn (Wl 3. 2 y dave\also beeni' :

’-nstrayéd ir"wrloas organlsms..‘\o\a,uempu5wasﬁma§e;” 5JU; _‘p'«

‘thcudc ectlon of e interzedd atcs or ;he unz %eﬂ'- L

tx as *he' ranosec cycle ,ouWQ nave to he substa“t atoa IR

\'ﬁfwﬁluJ nucx AO;; s*ec;flc wo*x..-boueve ‘.iﬁfwés;iﬁﬁﬁfféntni'.'ff?a- |
:7?to“pro ide e ié n‘é- \at '.c éa.oo’lQage #aT iﬁVOIveu in' ;;  _23f5\\
“the cfble.‘ SuCL ev“ae ce cage f“é;.ufnéflﬁeﬁfs aes fed.:; o
i :* ?5-55_ the relatlanshlp netweun cax“ollgase a&t*v-»& ana o )
" “'capaC1uy ta forw1 labellea q, euocluuarate from'(awlhc)
Q 'ﬂlyoxyl“be iﬁ ri ocaondrlai fractlonsu ‘“hus 1t was'
' founa thau trian ne-. deflcwenu cel’4¥;rov1ded HlbOChGﬂdr1& -
rW’uh & substaﬂtla.ly reducec carbollﬂase aCt“Ylb} and. a f.*ff
. reduced capa01ty uO nro“uce 1abcllea drdeUO“luuarate. ‘

(section.5.10.5).

The nh351olo~i¢al*imnortancé'of'the nrowosed‘pathway-

is un clear. Due to tie presence of-the glyoxylate. p“tnuay A

Ta

(‘i"

n’

o

re peroxiscmes glvo1y1ate formed in pheae orﬁanel es
uould nave to be .tran sporued to tre’ mltocnop¢r1a to

erter uhe reaculons of the cjcle.,

In rat'l ver mluochonarla ‘where forr ation of.
dlozovalevaue was su bgested from “L& (Yang et al., 1870) .

-

A A .
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a%e "CTE ~1.“U account‘ in.part,':or’thr.mﬂtabolism of "

*"30?'“ ate as qunpartca by‘-' _' cz‘eauea amou;,«.s cf L

lFOtylate Po‘“ d7iw'*ats~oq uhlaml“c _deTficy cnt ulntsx‘
‘V‘( 'anb, 1Qu2,. Iu is powevo““pcsslblc t?&u ourer ‘ §ﬂ”;§\

uhmk 110—“cqu1*l:; CnIynes acuLn .on. wlyow"laue oth ﬂS

s'fthe ?}ruvatc de 'd.igeﬁasé éystem“(uecumou 1. 1. a.y) i;htfﬁ
".be 1nvolved. Dot

oy e . - T

“he 1~por nee of thejCjCllc ouerﬂtloﬁ ws\u-@

N

'cdualytlc aro n s‘OI*aekeﬁqﬁlu; wate'woula:oe eqegs *y‘-*
;for bne Ot_datloh c; Ul}OL}laué. Dloxova_ réte mlght

.also serve as a- nrecurscr o¢ Dorphyrlns éfter co v;rSﬂcn.

"

n;to 1LA hy t“a“samlﬂatlon;(“is.‘ .26)1"72315 laq*-":;;;m~ ‘, B ¢;;

L-nosszbmllty, has. ‘veen' con81ueré 'f,'»ai (l9ou). Since.

“rthere are nornhyr1n-syntkeszzzna tloSheS vmt 'deﬁectabié-ji"

J;amlnolevullnate' hase ana con51cer1 g. he f ourabTe

-~

”:eculllbrluA o1 tran amlnaulcn tomara ALA- formaulon (neuberg
_and Tuner, l9o3) ﬁhis rouue for norphvrlp alosyntne31a .

,becomes_a dist nct 30331b11ﬂ»y.

'3 . . . . . ' P
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