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: ;The isokxtion and ~identikation of thret% major. -ac-keto : end $roducts 
CgIyoxyf ate, pynnate, a-ketogilrti) of 6 isocifxate lyaa reaction in l%da~ chick 
em&y0 Ibex-have been &scritoed_ This -was accompMxzd by ffie -s+ii%tion of these 
a&eto acids as their 2,4din&ophen$hydhydrazones (DWHs], by -high-+o~?nance 
liquid izhromatopaphy (HPLC). The DNi?HS of #-Iceto acids were eIuted with zxq 
isocratic &vent system of methanoGwater~ac&ic acid (60:38,5:1_5) containing- 5 
mM tetrabutykxmmonium phospfiat& from a reversed-phase ultrasphere C,, (YIP) and 
tiom a radiaI compression CL8 coluinn- .me separation Can be completed. on’ f&e 
radial &mpr&on. ColumrC withi~..F%XI min as compared to ?CJXl min: with a 
convention.aI reverSed;phzise tiIu~@;~Ret&tion time‘s cd pe&areas. w&e idtegrakc3 
for both the a&say sampIeS and~refkrence- compounds. A- reIat?ve -measure of tx-keto 
a.Cid in the peak was c&ufateci by compa&onkith the~staridaid;.Tfi,- id&ntif?cztion 
of .ezckqe& was done &I tkc- basis- of refzntian.time matching co-chrom&to@aphy 
witkautkentic compounds; and.stopped flow W-VISsctig E>emen 240 and-440 
na_ Giyoxykite represented 5% of-tie toti &odiscA of f&e isocitrate lyaSe~&on_ 
D&y 18 pzzz&zLs tkc pezk period of embryonic hepatic glycogenesis tihich occurs at 2 
tie when the ori@& egg ghxose reserve has been depleted. :. :.- 

- -. : 
:_ :. ._. _ . . . . ~. .- :-. _. .- _ . 

L&&U~(-J~. _: .~. -. :.-__ ..- .. ‘; : 
. . : :. ._ . . : 

. . : :The- cc+version ,cif acet==i-CoA &to. sugars via -the. glyo&iate cycie hi. &en 
esfabfished in pIants_ bacti~,-protozoa and_dematode.sl*z. But t&e operation of the. 
cycle has &evzr been Convincingly d@nonsfrated i&a&n and mamm&m systems, 
even a$er c4xditions here net c.onversiqn of fat to cz@mh~dL~~ might be exp+Ae& 
to om;i..&&ktiy,~d&cti~~ of enzyk& _+-$ivit$ ~&@I& to. &&yqxyJate c&e hzs 

- .prc$&zd suggestive evidence for irS pr&ence in toad &imry bIadd&* r& epitie&I 
. . 

OOZI-%73/s, ~~@&?_?5 Q 1982 E?.seviL sdentific l?u**Campany 





.- Retention fim& a&d peak-areas w&e determined Foot both the assay samples 
and reference compounds. A relative measure of thk amount bf -n-keto acid in the 
~+knowxx peak was calculated by comparison witk tile co~rr&~onding standard_ P&c 
identifications were made-on the basis of retention times, co-chromatography witk 
standard compounds and stopped flow UV-VIS spectra; sc&~ed between 240 and 
&Onm. 

Fertile eggs of the Rock Cornish strain were incubated at 38°C under con- 
ditions of controlled humidity a&_&e _poukry Science Research Lab., University of 
Wisconsio, At tke indiated times, tke embr$os wefe removed from tke eggs, de- 
capitated and tkeir iivers quickly excised, &i&d, and rinsed in 0.25 A& sucrose. A&er 
weighing, the tissue was komogenized in the same medium (I:51 w/v) at 4°C. The 
homogenate was used immediate& for tke assay_ 

Ea.zpze assay 
The homogenate was assayed for isocitrate lyase activity by a modified method 

of Dartin and Gunsafu.?_ The reaction mixture was 62 ti Tris-HCI @H f-9), 
3. I mM MgLRfZr I.2 n& cysteiue - HCI, 3.75 mM DL-istitrate- and liver komog- 
enate (I.0 ml) in a total volume OE L6.0 ml- After incubation at 37°C for t k, tke 
reaction-was stopped by the addition of 1 ml 50 % tickloroacetic acid and the pre- 
cipitated proteiiz removed by centrifugatioa. -After the addition of 3 ml of 0.2% 2,4- 
dinitr~pkenyIhydra&ne to tke su@ernatant, the mixture was izc&ated for 20 min at 
room temperature. Tke E-keto acid DNPHs were~selectivety extracted in e&y1 acetate 
qd the free d&ropkenyIkydrazirie removed as described by EL Hgwary and Tkomp- 
sonL3_ Tke residue was immediately ?edissofved in I-2 ml absolute methanol and 
stored 2t -20°C. &After removal of rgicroparticulete debris by passage through a 
MilEpore-0.5-_lmz fiIter> the preparation was sub&c& to the HPLC anai$ticaI pra- 
cedure- .: 

: 

RESULTS 

-The resa&an and b&line &par&on of gfyoxyIic acid, z-ketoglutaric acid 
and pyruvic acid as their DNPH deri~&ives were z&.ieved using 3 reversed-phase 
(Beckman) column and an ~isocratic solvent ?ystem containing t.etrabutyIammonium 
phosphate (TBAP) as an ion-pair@d reagent (Fi g_ LA)_ The retentio_x times and inte- 
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g&or counts per mnoIe were determined at 365 nm (Table I)_ The extent of isomerra- 
tion of tke three DNPH derivatives in the stmdard mixture after one mzek of refi-iger- 
ation at 4% is shown in Fig. LB. A&z one week-of *rage, the area of f& laffer- 

efutig isomer (L= Z”, 3’) of each conpound was incieased reciprocally with a deczzease 
in that of the f&t isomer (I, 2,3)_ integrator taunts after f week of storage fell 20 % 
witk the major decrezse in the glyoxylic peak 1, 

Idenc&cation ofeack compound %nd its isomer was achieved by nmning a scan 
between 24-U and ;cu) om of each peak using tke-stopped-flow te&n.ique during the 
HPLC procedure (Fig. 2)_ Each spectrum was characterized by a b&k&c absdrbance 

-curve witk the m&mum absorption oxurring witkin the 350-380 run range_ The 
spectra for each E-keto acid DNE’H and its corresponding isomer (Qf’; 2J’; -3,33 
showed mperimposab!e f&erprints betwe& 24. tid 440 nrn tith absorption 
mzx.ima of each at 354,310 and 360.nm, respe&vely. _ 

‘I% appficztion and-validity of -tke above pro&&ue for tke detection and 
quantitzztion-of the& cr-keto acid; izvolved in tke glyoxylate cycle have been tested in 
the well established biological- system of tke protozoan, Tetrh-I~mY &-$zmzIs 
EC 5.f6_ The key emes of the giyoxyiate cy& isocitrate iyy andmmmaIate syn- * 



i 



was demonstrated_ The wavelen_@ maxima of the bioIogical isomers-were in accord 
with t&ose of the torrespo&ng references (Fig. 2})_ The concentration of e&h r-keto 
a&d and its isomer is presented in Table IL Apart from the identification of gIyoxyiic 
acid, &rutic acid and +ketogIutaric acid in the bioIogicai sampIe, there were two 
unider@ied peaks fabeied as 4 and S (Fig_ 3).- . 

Addition& ~eri@ation of tie gi~oxylate peaks wxs estabI&hed by the addition 

of the authentic &nitrophenylhydrazone immediately prior to HPLC injection. The 
glyoxyiate-DNPK spiked sampIe showed relative increases in the t&o peaks rep 
res&ting gfyoxylic acid (Table III)_ The enlarged peaks were symmetrical, exhibiting 
n6: broadening or unusqI shoulders in the eiution pattern. Similarly, the sampIe 
&iked with the standard mi_uture showed excellent co-chrtimarography with enhance- 
ment of a identified peaks. The spe&rum (240-440 n& of each spiked peak dupli- 
cated those shown in Fi&_ 2 and 3, thus pro-vidirrg proof of peak homogeneity_ 

Although the. absorption of the z-k&to acid DXPKs is zt maximum between 
35# and 380 nm, the derivative can beg ef@ietitiy detected at 254 &I (Fig. 4$ The 
e!ution. paf$ern monirored at l&54 nm e_xhibits other farge peaks (tinknoW3s) one-of 
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Oh~RikKON OF DiFFERihT-a-ET0 ACIDS ENTE-& CFzIICE$ EMEiRYO 

rrlzz-rr_m 24.3 
IS.6&18_96 133 

37.6 

15.1~x5& 333 
26.25-26.69 543 

676 

1691~17.17 325 2923 
29SE-29.83 41.0 3KS 

73.5 68.6 93 

which is in the immediate vicinity of the glyoxylate DNPH (E?. The latter compound 
ehxtes as a shoulder of this unknown peak. Co&rmation of each gIyo%yIate pzzk was 
achieved by scanning the specf,rum b&veen 240 and 440 nm. The specm of tie 

unknown peak at three dSFerentkations (Fig. 4A’, B’and C’) showed highest 
absorption-at 240 mu. Several extractions of the DNFK derivative with ethyl acetate 
removed this cotiponnd. 

The ,-Iution patterns of the standard a-keta acid DNPH m&m-es (freshly 
prepared and stored 6 weeks at 4°C) from the radial compression Cl8 column (RCC) 
(10 pn prfick &zc$ are shorn in Fig_ 5A and B. EMions with baseline separation 
were completed within E-20 min, half the time required for the conventional 
column, but some loss in peak resolution was noted_ The quantitative distributions of 
_the isomer pairs present in the two standards eluted from the RCC are shown in Table 
III. These resuits demonstrate a pro_msiue, quantitative couversion to the favored 
isomer during storage. The RCC elution pattern of the products of the isocitrate Iyase 
assay of the LWay-old chick embryo liver is shown in Fig_ 5C. 

. 

Assays of gIyoxy&e. synthesis by biologicaI systems generally ir;voIve thehe- 
rivatizatioti of the a-&to acids with DM?H, separation of the derivatives and then 
quantification, o&en by merent presently kno& meth~dologies~ Iacking in sensi- 
tivity Recently, Hemming and Gubler” reported the separation via iinear gradient 
eiudon of an homologous series of monocarboxylic a-keto acid DNJ3X.s by-ion- 
paired reversed-phase HPLC. Howevet, ffiey do not report.the separation of a ‘+I+ 
ture of both mono- and‘dicarboxyfic a-keto acids such as the gIyoxylate, x-ketogiu- 
tarate and pyruvate~ triad_ These investigators experienced many of the problems 
inherent to the nse of the @adient:eiufion ~chxding s&ni&ant baseline deviation, 
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--&r&for ~j&o&p$&&-f&rmation in the paihF&y bypassing the $+phoe@oIpjr 
-ti~ati carb?xykipase reatitin Leading-t? the_ net-sy&hesi~ qfgLucos% De&& t ation 
-6f &5 -re&v&- &o+ribirtio.rq bf. Cci-&tte, -_h~~oxy@roEne .z&d giychi to .t&e 
gLyqxyfate poOL wl~.s&oti~whethe~~or not_&~tiqnversion bS lipids to &arb+hydra~ 
plays a ceritral role in-e+bryonic develqp*enL: 1-. = .. 
-- _ ’ ~The %~pacity of the L4-day-oLd c&k embryo .to syntht+e _L L-deoxyco~$co_ 

-steroLIe-corticosterpne, and-&dostGonefrom acetdt& has been den~onstrated by Ped- 
nera.and I_a&stT. Toad h&nib!adders preae&& wit& ddtisterone and ticubated in 

‘the p&e~qq bf fatty acid had higher tissue giycogen &ntent than did non-I_hoqnone- 
_tireg&I -control_ tiSsue_ .the_ IceEltIy discuve+ &oxyhte cycle errs*e activity in 
toad bia&ier pro-tides the nec&ary route for the conversion of Lipid C&XI to car& 
hyd&et. A s&.&r hormonal regulation might be operative in chick embryo tissue. 
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