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CHROMATOGRAPLIC LETERNINATION OF AMINO
DICARBOXYLIC ACTDS IN PLANTS

V. Lo Kretovich and A« As Bundel!

The role of diearboxyliec amine acide in plante 1s very great.
From them asparegine and plutamine are formed; they form a nucepsary
link in the engymatie transanlnatien reacticny and they ure of
singular importance in the pynthesis of amino acida [I,g7 « Tor
these reasens, Lheir quantitiative dotermination is of very groat
pignificance in investigating the metaboliem of the plant cell.
However, the Foraman mothod currently in use for this determination
ip very difficult and very inaccurate.

The classical inveotigationo of M. Taveb 57 for the first time
initiated the wide-spread applicutd. n of tho chromotographic method
in organic and blologleal chanlstry. Wisland then ZEJ established
thu pos.ibility of separating dicarboxylic amino acids [rom other
amino acids by cxehange adsorption on alwninum oxide. Lator on,
lo wed this principle to investigate protein lydrolyzates 5,67+

Kretovich and Lundel! used the chwematographic met' od with
plants to detomiine anounts of amino dicarboxylic aclds. Thelr
proc.dure conslsted in pagsing an uqueous extract ol plant material
(inactivated with boiling ethyl aleohol) through a column or AlpO3s
which had been treated with weak hydrochloric acid, und the subscquent
elution of the adsorbed, iﬁﬁ@}‘“@ acids with a solution of
alkali.

The alwninum oxlde, standarized sccording to Lrokmann (Russian
spelling)s has an alkaline reaction and does not adsorb amino
dicarboxylic acids from a neutral solution. As a result of treating
it with a aqueous solution af hydrochloric acid it becanes anionotroplc
and acquires the ability to combine with acids to feam salts.‘ The
hydrochloric acid used for: preliminary treatment of the adsorbent is

displaced by the amino dicarboxylic acids. The neutral (with the
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gxceptien of oyatine) and basic amino aclda pass freely through
the "acid" column, but aspartic and glutamic acids, 48 the aqueous
solutions and sodium sal.ls pasgs through sush a columy, are retained

. by the A12°3' Elution of amine dicarboxylic acids from the adsorbate
is accomplishud with & weak caustio potash solutien. Cystine,

although it does not possess agld properties, apparently forms an

alumipun salt which is disoelved only with difficulty.
Determination of amino dicarhoxylic acids in an ocluate can be
done by vifferent methodss iloland and ilrth [ 7_7 determined them
colorimetrically with ninhydrin. Thelr mothod, however, 1s not
ccwrate. Schrama ind Primsizh /787 used tho were eccurate
Kjoldail mievo mathod, which was clgo anployed Ly varling [ 7+
The latbtor selentist, liowever, did nol at all conslder the posulbility
of eyatine bolng adsorbod in the colwm, aad it wlso appeors that he
wged o quantity e adsorbent vhich 1o insut'fieiont for adsorption of
the amino dicarboxylic a.cidéz from plunt uxbracto.
Krobovich und lundel' firot attombed tholr dotermination in
6 nl of a pure solutlon containiny 2 mg of glubamic acdd wmd L mg
of nsparbic acid (containing 038 mg and 0.21 mg of niltrogen,
respectively). In the eluate from a column containlng 2 g of AlZUB’
0,60 mg of nilrogen were found after making a correction for the
reagentss Mevertheless, checking the "detection ability" for amino
dicarboxylic acids udded to plont extructs showed that 2 gof A1203
is not sw'ficiont, and for this reuson tho authors used L g in all

subsaquent experiments. Moroover, Kretovich and Bundel' took issue

with Darling's use of trichloroacetic acid for the precipltation of 1

proteing, o nce the acld reaction induccs a pronounced hydrolysis of
glutamine and the formabion of free glutamic acide
4 fixperiments to investigate tho "detection ability" of amino
dicarboxylic acids added to plant materlals were conducted with sugar
beets, wheat and lupine sprouts, and the young leaves of beans and
willows. Results of these experiments are shown in Table 1, which

appears in the Appendix.

CONFIDERTIAL
-2 \

Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080033-7 l



Declassified in Part - Sanitized Coy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080033-7

CONFIDENHIAL

In view of the eonaidercﬁle amounts of glutamine and asparagine in
plantes, Kretovich and Bundel' interested themselves in the behavior of
amides in the chromatographic determination of amino dicarboxylic acids,
and were able to establish that asparagine is not adsorbed by Al203, but
rather that it passed completely through the colum along with the wash
vater, Since there is evidence of the presence of free oystine in plents
/T0/ and eince oystine is retained by the K120y column, they found it
neceasary to wash the gubstances adsorbed in the column with a saturated
hydrogen sulfide solution, As o result of this, the oystine was reduced
into oysteine which by a pubsequont water rinsing wes oompletely removed
from the column, Results of such procedure are given in Table 2 (in the
Appendix) whioch shows that washing with an aqueous hydrogen pulfide mo=-
1ution does not affect the abllity of the amino dicarboxylid aclds to be
sdsorbed, As confirmation of this fact, these ewthors prepared an ex-
tract: from young willow leaves (fixed by boiling with ethyl sloohol) and
added to them a mixture of glutamic and aspartic neids containing 0,66
mg of nitrogen; they found 0.68 mg of nitrogen of amino dicarboxylid
aocids,

Tn another test, they washed the adsorbed amino dicarboxylic acide
(vhich hed not been added but had been present in the plant extract in
the natural state) with a hydrogen sulfide solution, ILupine sprouts were
used, end the adsorbed extract washed the first time with 100 ml of &
saturated st golution, and then with 50 ml of distilled water, In both
instances, 0,37 mg of nitrogen of dicarboxylic acids was detected per 2
nl of extract.

Foregoing experiments were instrumontel in establishing the follow-
ing procedure in this research:

Frosh dried plant materisl (2 g) is inactivated by boiling wi;oh 96%
othyl alechol in e porcelain dish for 5 minutes, during which time part
of the aleohol evaporates. ' The remainder of the alcohol is removed with
benzene, and the dried material then pulverized in a mortar, after which
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it is transforred quantitatively into & porcelain dish and covered with
30 ml of distilled vater. The material is well mixed with the water end
alloved to stand for 8 half hour at 20° , before belng passed through the
paper filter of a Buechner funnel, To & fiven quantity of the filtrate
(novadly 2=4 ml) is added a drop of an alochol solution of phenolphtha~
1ein, It is then neutralized with 0,05 N KOH to a foint pink coloration
and introduced into the adsorption tube dontaining A1203 , which io pre- 1
pared in the following mannor:

4 g of Alx05, stendardized according to Brokmann Lﬁuaaia.n apellﬂns7 ’
are treated with 12 rl N HCL for 5 minutes, during vhich time it is ocon=
tinuously agitated. Then the mixture is permitted to gtand for 10=15
minutes, ofter which tho oloudy 11quid is poured off and 40-50 of dis-
£illed woter added. Tnis mixture is well shaken, and then deoanted after
o precipitate pottles. The precipitate 45 vashed by decontation until
thers is no acld renction with litmua. The adsorbent propered in this
way is kept in the same flask in which 1% wag troated, under water.

A glass edsorption fube, 50 em in length and 7-8 mm in internsl di-
ameter with & constriction 12 cm from the lower end, 15 used for chroma=
tographic dotermination. A small plece of pdsorbent cotton is pleced
in ‘the constricted pert, The tube itself is fastened with a rubber stop-
per into & Bungen flask and clomped to & rack., The adsorbent 1s poured
into the tube, and the weter in which it was contained passes off entirely |
(either because of the force of gravity or aided by a emall amount of
guetion). The golution to be tosted 1s then sucked through the adsorbent
(teking care that the adsorbent is at all times covered by the solution) ‘
at ‘the rate of one drop 4n 2 seconds. Next, the column is washed with
50 ml of distilled water. As a result, all of the neutral emino scids
(including cystine, reduced by the HZS to oysteine) pass through the ad-
gorption column. The wash water is then poured out of the receptacle
vhich is rinsed, TFor the elution of the pdsorbed @tcarboxylic amino
aeclds, 3ml 3 N KOH and then 30 ml of 0,05 N KOH are introduced into the

\

CONFIDENTIAL | | \

Declassified - i
in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R00010008003:
: - 3-7




Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R00010080033—7

MFINENTIAL

tube and sucked through into the receptacle, The liquid from the col=-
wmn 48 drawn off until the residue ie dry, so that the salte of dlecer=
boxylde amine acide are trensferred to the receptacle, The solution
is quantitatively transferred into a Kjeldahl flask, and the nitrogen
determined with a Parnas-Vagnor Lﬁunnim upeninﬂ mioro epparatus,

. Rewults are expresced in milligrams of nitrogen of amino dicer=-

boxyldo acids per gram of dry substance, A gontrol solution is pro=
. nared by substituting an equal quantity of pure vater for the extracts.

Kretovich and Bundel' attempted the determination of free amino
dicarboxylic acids ocourring in the natural state in plants, and pre=-
pared tho data shown in Table 3.

Their method is described as accurate, quick, and not requiring
complicated apparatus. They say it ocan be used, too, for determina-
tion of the amino dicarboxylic acids in hydrolzetes of proteins.

The authors of this paper, vhich vas submitted 15 June 1948 and
presented the some day by Acadomicien A, I, Oparin, are affiliated
with tho Institute of Blochemistry 4meni A, N, Bakh, Academy of Solw .«
ences/IU/SSR.

EINERTAL

Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080033-7



Declassified i =
ssified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080033-7

4 IFIDEN TIAL

e

Appendixz
Table 1

Results in the Determination of i.urbo:vn

Acids which were Added to Bxtrects of

Yarious Mlant Specimens

sugsr beets | whakt lupine bean leaves | willow ﬁ
sprouts sprouts legves
Amount sdded to the
extract 0.53 0.55 0.65 0.63 0.66
Amount detected 0.55 0.4 0.61 0.56 0.63
Table 2

Adsorption of Oystine by nzos under Different

e -

w{ Washing Oonditionlv

N of oystine in mg

How Wahhed ’ ; ¥
Given g in the column in the wash water
é
With water 0.42 0.16 0.30
¥ith hydrogensulfide 0.43 0.002 0,41
golution -
: zv_—c‘« 7
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Table 3
Anous of Tree Dicarboxylig nino;::.dl in Pland
Heterials (in terms of 1 \gleof
the dried specimen)

|
¥illow leaves
Suger beets l Wheat lprou.h; Iupine sprouts Lnon hwu!

] 8 ‘ 0.75
0.69 ’ 2.7 -5 7.5{

.‘7.,—

CONFIDENTIAL

Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080033-7




1.
R
3

5e
6,
7
8,
9
10,

Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080033-7

SONFIDER
REFFRENCES

A. Brewnghteyn, Uspekhi sovremennoy blokhimd, I, 40, 1947,
Kretovich and Pundel', Doklady Akademdi Nauk SS&R, LIX, 9, 1947.
M. Tovet, Chromophyllae in the Plant and Animal Verld, ‘larsaw,
1910,
T, Wieland, Hoppe=Seyler's &, COLXXIII, 24, 1942,
Wieland, Naturwissenschaften, XXX, 333, 1942,
Wieland, Ber., LXXV, 1001, 1942,
Wdeland and L. Wirth, Ber,, LXXVI, 823, 1943,
0. Schrarm and J, Primosigh, Ber., LXXVI, 373, 1943,
S, Darling, Acta physiclogica scandinavica, X, fese, 1, 91, 1945.
C. Dont, V. Stepka, and F. Stevard, Neufire, CLX, 682, 1947,

-END=-

-8 -

CONFIDENTIAL

Declassified in Part - Sanitized Copy Approved for Release 2012/05/30 : CIA-RDP82-00039R000100080033-7




