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Effect of 2-Methylcitrate en Citrate Metabolism:
Implications for the Management of Patients with
Propionic acidemia and Methylmalonic aciduria
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commartmest on the trimrbonyiste carrier sulnerves sveml
frportast functioes fn the paibiway of Mty acld syathoss. 1 1 the
major pathway far two-curbos ugit fiow from mitockosdria to
Sybomod (173 Ilﬂlﬂmdmhmwmmmﬂhum

i NpOTicT wie eutry in exchxnge for
mitochandrial chrmo (43 t quojonction with mainte delrydrogon-
0o o ATE-ciimare lysse will also acconm for inward trasport of
sytomnlic pawar oa NADH produced durlag the giveo-
brtke seqoenon. Cltrate r also an Iubfbltor of

£ im regrixtocy ok for 1
citrata has beon yupgestad In that this motaboltia, e it e form,

podificilly talibita pyruvate debytrogrime phosphetee {5, 71
Reogulation of the tricarbaxylats sareiar (7, 11, 12, 29) could ba ona
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MATERIALE AND METHODE

Livers were cituined from wwile Wistar wais (110-150 g (28))
"The rats were sitowes froe access 10 food before heiug killod {1,000
ho) The miethods employed for the isciation awd lowsding of
mitnchosdrix with ["Cleitrate sz well as thew for calontating the
cliraty exchanges were thase of Robinson si of, (22-24). 133~
Tricaraybesamnio (30 M) was awd for the “Inhibltor atop™
axmriments. In order to niady the kinctips of tosport of
Smethyloitraie on the tricarbanylate sarrior, this agent wae axd in
the abmace of [“Cloitrate, whortiat 10 demonsirate Inhibition of
this carrier, Z-roechyleitrate wam sdded in the presenee of [*Cleit-
rae,

Propanition and msary of vogymes foom rai tivar ae well sa goid
acintiiation counting procedures were as deseribed pecviowly (5)
MwWWhmﬁmﬂLmrydd {18) sod
a’hn:wdmmﬂ:odhyﬂwmmﬂumiydx 19}

Enrymes, metabobie imermedintes, nad. mﬁma were obtebnd
fromn Boghringer Mannhelm (29). Rotenare, santimycin A, axd
dithicthreitol wero from Slgnoa Chaculeal Co, (30). 1.2.3-Tricee-
oybenzene was from K & K Leboratories (31} Sodinm [#Cb
carboante wes from Amarsham fSearln {12,

PREPARATION AND CRYSTALLIZATION OF -METRYLEITRIC ACiO

The suckear magactic Tef0raods spedtrum wis debermingd usng
E Varan ASD smoirometzr aud *H,O s solvent. Sodiam 22
dlmethyl-2-sllapentans-5 yutfonats (3 = O ppm] was wed 88 an
imtemal reference,

Th irfgodhym salt of 2.-methyicitric scld wes ohinined sxcording
to tie methad of Habickt sod Schaeshorged (10, To sbiain the
froc scid = mqueoas sohatiom of 1.0 g trisodiom 2@
wos pouced over 2 column of Dowex SOW-NE (asid form) inn
exchauge rosin. Evaporation of the agueous shial geve 2-methyl.
trie wcid xa wn ail {}0% The ofl was silowed to stand for 2 deyn st
foom temporature during wirich thnn eryetalibzation kad com-
meoeed. The sddiion of & snaafl amount (1 mi) of ether and
uhn;mumﬂrm;v\uuﬂmmdsmelmmlﬁum.

Bave 1M mg prre J.methyisiric acld (ndtlu; pnm
145~ H&‘}.ahmnﬂ for the Hrst timo a & arystatiing eolld
mother Hquam wern m]w:ncil.ﬂudxunﬁxzdm

evaporwiad

for 24 bt partlolly oryeintilzed to u solid mans_ The reddon
was agxin taken op in a savall votuee of ether {1 raf) and & further
Ein;‘.ﬂmx}mwniclﬂmm 44" -146") wa
The noddewy magnetic resoasmce spectrom of 2amethylitric acki
shiowed & doublel 3t 1,28 ppm (I, J = 7.2) {1%) and & multipiet
exmtered at 298 ppm (3H]. The spectrum i cotincly consistent with

tbeani;ud strocters [16).
The mother Lquom obtaied frow the erysiafiisation of 2-
comaired ylcitric acid ny

mixturo of e diastercomens of 2-mathvichrle pold,
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In o8 of tYx enpericenis, ondy tho erystalling rather thas the oil
form & F-mcthylcitrats el signifimant effects au the snzymaes and
truneporter atudied.

EEFRCT QF 2-METHYLOTRATE ON ENZYNES INFLUENCED
BY CITRATE (TABLE {}

2.Mathylcitrate & g0 inhibitor of strate systha, sconitese, the

NALD - agd NADP {inked taocitrate dehydrogonsses. This inhi-
Hitian in competitive in axtare exocpt in the case of sconitase, The

K;ﬂurﬂlafthnemhinﬁummuﬂ.& ~-7.6 mM. Thiz
llka citrwiz, is =n mbibitor nfpiuaphfmmhhﬂm
S0% nhibition wes aohieved with 1 mM 3- wheress
19 mM citrate was required bo wohleves thix degros of inkibition of*
umder similar conditions {5). Pynnato dehy-
dm'mu:mmt inhibited by Z-mathylcitmts in comtrast ta the
affect of citmte {5} 2>Mothykitoafe did nol Inhihi the oytnantiz
Hpagorlc queymes, ATP-citrate bwse or avciyk-LCoA curboxylem,
sod, i facd, -mughyldirsta la & more potent activeior of
nextyHCoA ourboayiese thee i citeate (Ky ~ 6.7 mM for citrate).
2.Methylcitraiz wes oot a sabatrate for ATP-gitrace lyome (Tubic

1

FFFECT OF 2METHYLCITRATE ON MITOCHONDRIAL CITRATE
TRAMAPGATER (TAM ™ 3)

Ta study the mitnchandrind citrate tranaporter, siitocoadria
wens ivolatedd from et liver and fosded with {**Clekrate {23) Tha
{“C)itruin remaingyl largely within the mitochondris unth &
counter transporting anlon wey afded to the extwreiochondrial
space 123, 24), Akborgl L-malate i the phyxiologle rubstrate for
thiy tranuporter, citrate was chasen imtemd tucanse & svoids the
pomibtfty of slectrica! ﬂrpﬂ gradicniz which wayid be enpecicd
with the diswrbnxylate smios, L-mslste. In the cxpociywms
m'{ad hnuln, the cogntier irensporting mnion was [*"Civitmir or

. The apparenl K. for cltveie for the tricarhoxylate
urrlnfnfnﬂ!urm!bndmndmhuumnnﬂ fid is wes 0.26
wh], wheros that for 2-methylehrata was approsimsiedy 3.3 mM.
Howerer, the macimum velociy for both the subgteates was
rimilar {Fig. [} The addition of 0.2 mM 2-recthylcitrate inhibied
the tdsachoxylate carrler only at clivste ooncantrallomn shich
were cloes 1o the spperent K, (0.2 mM), wherens thim inhibition
wry 00 longer Wignificsnt when the citrate cancamtratinn was 10-
fod higher (Talie 23

DIBCUSSION

2 Mrthyicitrate wia obmrwed in the nrine In patints with
proploak: acidemia {1). The symibods of 2-methyleitrate xpponrs to
be the consoquonms of proplenyiCoA seomutation and mubae-

Table 1. Eﬂ'n#qﬂmm*ammmm witlels jrseraci witk

clirate or irocitriie
Iakihidan
Emeyme Sniwtruta KM
Acoxitew eir-Acositalc 408
Citrade pyntam: AartyhCoA L
Disoacaints b
ATPclirals tyam® Cltruic Neoffect sp
oS mM
Taociimte debunl rognome, Taocitrato L8
NADP+ Haked (mitockos-
drial)
Irocitralc Tnowitraln iE
NADF Betad fuatramite-
chondxial}
Taoctraiz detredrogenasc, Inocitraiy &0
NAD linked
Acxtyl-CoA curbronyieic AnctyhCak 1]
Fhasghofraciald omes Fructose-6-P0y, X1 inhidithon by
M
Pyrovaindolydrogen s Pyrowic Mo Indiibitlen mp
ta 45 mM

' Al inhibitions wern oompetitive exosprt tide one, whidh war nomears.
potftive.

¥ 2Mrthyloftrais ld sat & subetrcts for Urls sezymne,
m;wmmmmwwmmmm = 2K




Tuble 2. Effect of 2-merkpiciirate on exitochondrial cltrate
e spoetert

Citruio, Mathyiitrate, Superiating,
wM mM dpen®
4] B g
L 1Y 4,116
032 L1 ¥ 1947
F8 a 40,503
28 02 B

*Rat Hwer mikochondris, (A0 wmy} wee addsd to | i of 20 M
TrieeHCL 125 mM ECI buffer, pi 74, st B° ponteiniog the addifions us
ooted. Aller 1 i, 50 wM 1,2 3-ricarhanybenacne was widod For the
irhidior step techuiqer. The mitochewiria ware sepaneed by mpid
oortrifugerton wad & partion of the mpersutent wes pwoptrad for counting
mu doacribod pobvisusly. The sain! cousty were 173197 dpom wod the
mpsmaiazt fredlox costeioed 35,48 dpm ie the aheasce of miditiens,
Homdts son rapoctsd an the messs of throo sfuse for & repossastative
eperizivet. The iotel fomber of experiments waa mior. The owet
percemtege of izhibition wits 24.5% + 55 whoo fhe ditralz conconlretion,
wam 02 mM a0 -2, 1% o 128 when the citrsto was 2.0 mM.

*= Dainisgradioms per win in wopaniatast afier siditions minum dadnic-
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Fig. 1. Rate of axil of intrenvischboadeial [**Cleliraio wms riodicd a5
daaceihod In Mnkods. Mitoshoodria (3.7 mp aod 4.3 mg, mmpocthly)
worn insizhatad with [C jcitouie (I ——8) o om—i)in
themedium, The souketion wis cerried oot at 8 snd 1,2, 5-tiwr oy ot~
sene wea added aler [ min Tho sppwrnl Ky, far clitne was 260 xM snd
T ¥ g, wen 0.5 turetl/mog/min. Tha appacent K, for 2qumtiylnitriio W
33 m god the ¥, 0.3 nowl/rop/min.

quent condemsation with onaloacotzta cxivlysed by citratc syn-
thass. Althoagh this erxyeme in alrost specific for aostyCoA (26),
tha sozyme fram pig haart can v peaplony-CoA (26) 23 substrate
bot ocoly st sboat.0.3% of he maximum rate obeenad with
awalyl-CoA (28). 2.-Methylchruiz might accnmulsts in mitochon-
drix at Teveln high otowgh to affoit the enxvmes Invoived with
chirats mutabollam (Behame 1) As discorsed by Ando #2 2. (13, it
npm'hl:ihﬁ auother sazyme coold be responalbis for 2-mathyt-

citrale sywthesis.

[t wil be axpumwd for the ramuindsr of the discassion thet the
wystalline form of toncosenty thy phyelalngic
rpecias, an the oil forre {which rEpTecnts Klevatlsdniecs
of 2meikylcitoete) had minost a0 ignifioent effecie on the
smxymmes and transporter itvolved 1n clirste nastaboliam. 2-Muathyl-
cliras might sccomelate in the milochamdrin = m real of the

from the data fn Table 1. fnkibition of te of the citrlc
acd pycle, citrabn wynthase, sconitanc, wnd isocitrete debiyrogeniss,
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will kesd 10 socumoleiion of acetyl-CoA. As & comscgumie, the
sentyt-CoAfCoA—BH will inireane wad thereby vosull i in-
crossed ketome body aynthesis (for review, see Roferonos £), The
accurmnistion of other 203CoA derlvatives such an propioe
uyl-CaA and niamyi-CoA coald further clovito the acs-
tylCoA/CoA—SH by degreasing the free CoA—BH zontent sad
remyit b Increwsed rates ol ketogemceis,

As Frivthylokraie seoumutates in the milochoasddon the write-
chorafrix! citrate mmosporier wiil e fokihited competitively.
Chtrate will thue rise in the mitochondris saod fuil In e cytosst.
‘This conld leud to o redfuction in the rate of fatty woid wynthcis sad
Rizo fednee the citrate-induced mkibition of phoxpbofinotokinass,
Thercfore, enfwnced glycolysly cowld sontritute 1o the
hypogiycemin reported in this condition {12, 200, Glysalysts woud
slso be facroesed and givconeomenesis inhibited i AT wem to fall
as 2 reanh af inhibitinn of the citde nold cycle. The slfects of
Zamihyfelirne on the dirain transporter were similer (o thoss
mporied for 2cthyicitrate (&), nemely thm of compelitive
Nﬂhlﬂmunllulubnnwohdmbwd{hhr

A the mitochoodsdnl Zmethylclimte sccamolaten further, @t
will exit om the trizarimaylate ouricr, 2-Meathyloirate will hehnys
mnch Bke cltrats tn the cytoss!, in that it in == wctivator of
wcetyl CoA carboxylasc aod an Inhibiter of plicsphofmetokinee
{Tahly lLlumﬂmmmmmnmdusutnbnma
for ATP-citrato Iyaae {Tebie 13, Therefore, the synthexis of odd
chalp Isigth fulty acids, shich s of impeciges n tis conditon (2,
3, 4, 15) sould most fkely resclt From ot of propioayl-CoA
u-nmtb:unmdmndmu. probably ma the carnfting dectvwtive.
2-Mothrylvitrate conld plxy an iadirect rofe in the synthesis of odd
chain length fstty dckds by aothvmileg xcmyl-CoA oarboxylasc
{Tubls I} Aninughmnmmed ia the above digeusdon, the
chejation of divalent cotloms hy thess carbroaylic acide cookd wiso
have profonnd metabolic effucts.

SUMNMARY

1o mrmmery, 2-wwihyicitrate soqumalation inside the mitochon-
drion. might Tead 1o inkibition of the ciric acikd cyels und thewhy
conteiimte 1o the kntogensele and hypoglycomlz meen In theas
conditioss. Troatment of such patients with sTkab, therapy would
ho with mapect tn the scldamis but alsa woold causp
o more 2apid exht of 2mechyloltrate from: the mitochondrion (6)
Alkxlinizatior with sndiom citrate might be sven moee heaefiels] if
thls okrate oould enter the tver and sliow more vepid rovaoval of
Z-methylcitrate sed methyimelonate from liver mitochondrin (Fig.
I and Referonoe 8). The ingrommd cytosolic levels of thes
intermedintes would fusilitaic more rapid diffosion to the extrasd
hdxr spac and eventuat sxgrotion i the arine,
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