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The inclusion of tyrosize (Tyr) and glutamine (GinJ in parenteral solutionsis a
prerequisite for optimum protein economy in chronic uremia®-, in childhood*™ and
in post-injury states® . The extremely poor solubility of free Tyr and the formation of
toxic pyrogiutamic acid during heat sterilization of free Gin® have hampered the use
of these amino acids in such soiutions.

In a previous paper the synthesis and character:zatzon of Tyr- and Gla<con-
taining peptides were descnbecm. Two peptides, L-alanvi-L-glutamine (Ala-Gln} and
N2-p-t3Tosyl-NS-L-tyrosyl-L-lysine {Eyr-Lys(Tyr)]. were synthesized by applying the
N-carboxy anhvdride methed in an aqueous medium'®*2. The synthetic peptides
were highly soluble and were siable during heat sterﬂ.mfmn thus enabling inclusion

of Gla and Tyr in solutions intended for parenteral nutriticn. .

In the present work both these peptides were mkeattgated by using capzﬁan
analytical isotachophoresis. This technique has been tried since it has been found to
be a rapid and semsitive method for determination of purity?3-!*, and has also been
shown to b2 2 useful tool in the gualitative and quantitative analysis of peptides®*-*€,
We could demonstrate that Ala-Gla was isotachophoretically pure, whereas minor
impurities were present in Tyr-Lys{Tyr}. Each of the zones separated corresponds to
2 singlc synthetic compound and excellent linearity was apparent, allowing estima-
tion of the quantity and recovery of the respective peptides by measuring the zone
lengihs.

MATERIALS AND METHODS

Aaterizls

Aqueocus solutions of the synthstic peptides, in concentrations ané amounts
given in Figs. I and 2, were analyzed. For comparison, solutions of free afanine (Ala),
Gin and Tyr were investigated zione or in doping experiments. All free amino acids
were purchased from E. Merck (Darmstadt, G.F.R.} and were of analytical grade.
The peptide syatheses ancé the preparative procedures have besn described pre-

viously?®,
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- - -Isotachophoretic’ ;segaratsegs WEIE gexformeci ona LKE ?EZE ’facﬁagﬁerf 7
Th?:iustmms:ntwas ‘equipped -with a PTFE capillary (610-x:0.5 mm’ LD} UV
detacﬁcnwas madeat 254nm.Anew{y developed conductvity detector was used and{ )

<the lmeaz stegvase cnnducmnty signal was detected. The UV transmission and cott--
duct:mty were monitored by using’a two-channel- recerder (Kipp-and Zoten, Delft,”
" The Netherlands) with a chart ‘speed of 6 cm/min. Tﬁe scparatrons rcqmred abcfut 35
zzzzﬁ aaé §‘i€ current at éeze::ézz}a was &é gA. ) - -

Electm{}tes L N ’ T B
- 7 The chemxmls used were of anaiytxcal grade. Th‘, water-was cIaSS dzsﬁLed ana
ion exchanged freshly boiled for I3 min and cooled without access of air.. . .
"Leading electralyte solution for rinsing and filling the capiliary (1GG mijs A
mzxtu:e of 107 mg MES (2-morpholinoethanesulphonic acid) (Fluka, Buchs, Switzer-
Iand), 212 mg Ammedxol (2-amino-2-methyl-1,3-propanediol} (Fluka) and 049
hydroxypropylmethylcellulose (HPMC; Methocel 90 HG 15000 cps; Dow Chemical,

Midland, MI, U.S.A.) was filtered through a S5-ym. membrane ﬁlter (Schleicher &
Schiill, Dassel, G:F.R.}. The pH of this solution was 9.1. _

- Leading electrolyte solution for the electrode vessel (100 mi J. A mlxture of 107
mg b:fES and 225 mg Ammediol (to achieve pH 9.1 in this system, additional 13 mgof
Ammediol have to be added} *vas ﬁI eted through a 0 45—mn membrane ﬁIter {Schlei-
 cher & Schilly.-

-7 - Terminating electrolyte saldttan (100 mij F. 89 mg ﬁ-alanme (Serva, Heldelberg,
G.F.R)) and 106 mg Ammediol were dissolved in 90 ml of water and brought to pH
10.2 with freshly prepared and ﬁltered Ba(OH)-, solution. The solution was then made
ﬁp to 163 mi ; . - .

RESULTS AND DESCS}SSEG?‘

Isotachophoretic analvsee were pcrformed rcpeatedlyon the two synthetxc pep-
tides as exemplified in Figs: | and 2.

- Satisfactory detection and recovery of the peptzdcs in amouuts Icss than 0.5
nmol (about 0.11-0.24 pg) was achieved by using the new conductivity detector.
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Fig. 1. Isotachophoretic znalyses of Ala-Gin, frez Alz and free Gin. A, Al2-Gln, 5 gt injected correspond-
“ing to 2.17 ug: B, mixture of free Ala and free Gin, 5 ¢ injected corresponding to 0.89 pg Ala and 1.46 pg
Gln; C, mixture of-Al2-Gin, free Alaand free Gln, s ;zi injected <:ox'n:spondmtr to Ay yg AIa—GIm 0.89 ug
Alz aﬂd Léﬁ ;zg Gln.
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) A_Lheh.a = dx:ecL compansan with }:he thermai de;ector was pot made in the present -
study, earlier data indicated that s minimum.amount of iGmoLof peptide was "
required when using thermometric detection?* “and quantification was restricted to
the UW detector.only. Siace Ala-Gin cannot be detected by UV abaorpnon Figoiho
the_hijzh degree of. &ns:zvm: of the mndtz‘.tzvztv was advantazeo&. in. the pres.nti;‘
investigation. ~ - s

‘Analysis Gf £h° svnthctxc pcp&de Aia—Gin resnlte& ina &mgxa nen—UV-ai\sorb-i
ing zone, characterized with 2 conductivity step ‘height of 14.8% , (Fig. 1). For com- -
parison, the separation of free Ala’ and free Gln is also shown. Both free amino ac:és
,r='.°“! zled distinct non-UvV -ao:orbmc zon&s Wxth conducavitv sLep hexchts of 60:9%

and 28.7 %, respectively. - :

’ The results demounstrate Eha" no frﬂe mno amds were p—asent n me pumﬁed :

synthetic peptmc ‘Ala-Gla. This was verified by doping experiments, in-which an '
equimeclar mixture of Ala-Gln, free GiIn and free Ala was analyzed. As illustrated in
Fig. I; nc mixed zones were observéd, and the three compounds were recovered

:.mordms to their respective net mobilities. The results of these expenments Lndxmte '

that the preduct is isctachophoreticaliy pure. '
: Analvses of Tvr-Lys(Tyr) showed that this product conszsts o? a majOL‘ Uv-
absorhing zone cesrespond.n(. to the synthetic peptide and two minor UV-absorbing

zones which may correspond to overreaction products as di- ot tetrapeptides (Fig. 2}
The major zore is characterized by a UV level 0f 38.7%4 ; and a conductivity step height
of 32.2%/, respectively. In Fig 2 the resolution of free Tvr is compared with that of the
main tripepiide, showing the same conductivity step height (32.2 %), but different UV
 1avel (43.2%/). Free lysine (Lys) could not be anaiyzed with this system, as also noted
by otker investigat torsts. However, thin-layer chromatography (TLC) and amino acid
analysis of the purified synthetic product showed no evidence of free Lys; while after
zcid hydrolysis free Lys was felly recovered'®. In z doping experiment the punﬁec
products and free Tyr were mixed in equimnolar amounts znd analyzed as shown in
Fig. 2. This experiment demonstrates that the main characteristic zones for the tripep-
tide a:ad free Tvr were recovered according to their mobilities. . -

These results may suggest that further purification of the synthetr Enpeptxde
Tyr-Lys{Tyr) may be required. In the pre&.nt study the major zone corresponding to
the tripeptide amounts to more than 75 % of the mjected preparaticn. In prehmmary
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Fig. 2. [sctackophoretic m.:lv% of Tyr-Lys{Tvr} and free Tyr. A, T w—Lys(T vr) 5 ;d. mject& correspond-
izg to 4.73 gg; B, fres TyT, 5 2t injected corresponding to 181 pg; &, mivture ofTvr—L'\a(ryr) .:.nd ﬁ'ee‘l’vr
5 pt injectsd corresponding to 4.73 ug Tyr-Lys{Tyr) and 0.91 pg Tyt



' tmpubhshed studxcs a puntv of more- than 90 ‘,’/ oould be achxeved by changme the
-‘conditions for the: gei chromatography procedme. Mmor: amounts’ of oxerreactmn -
_products were, however,; still present. The exact structure: ‘of these minor ccmpounds; o
- remains fo be deﬁned Their presence may not necessanly m\rahdate the material’ for
“‘putritional apphcatxons since di- and tetrapeptldes are sm:ulax:iy transported and utis
" lizédas the tripeptide!d-19_ 7 . o
- -3 The. .charactecistic” wralues for the two synthem, peptldes and th., free atmno

; acxds analyzed are summanzed in. TabIe I : R e

.TABLEE R P : : ,
: CHARACI'ER_ISTIC W\LUES FORTHE PEPTIDES AND THE FREE AMINO AC[DS B b

’ ,Campowrdl ) o C?I@criﬁt}'step I’!eig.‘tt {%}*i E_/'V[e:—'el_ (‘,";)**, o * ;
CAlaGin . 148 R '

 Ghitamine - 28.7

. z-Alanine | 1..'60.797 T o
Tyr—Lys('Fyr) 3320 ok T 38?'

ryrosme*_’ SRz T 432 -

‘e Asa pementage oE the mobuty of the termxnator-
o **Aszpementazcoffuﬁs&fe. )

§ Thc condux,twlty step het_hf of substances expressed as per cent of the conduc-
, twﬂ:y step from the leading ion to the te:rn:una‘ar_zcr ion’is inversely proportional to the
-~ net mobility®°. The relative step heights are characteristic for each compound and the
“step lengths are proportional to'the amount of each compound: Similarly the UV _
~ zone length is directfy proportional to the amount of a compound in equilibrium with -
~ the leading electrolyte, according to thé Kohirausch formula*‘ By applying ‘the
. above pnnczpl&e we determined the amounts of peptldes by measuring the respective

zone lengths and by calculating from the absolute amounts applied. When evaluating

. single zones at different concentrations, an exceHent linearity was found allowing

estimation of the quantity of peptides by measuring the zone lengths. The zone

. lengths detected and measured for Ala-Gln and Tyr-Lys(Tyr) are recorded in Flg. 3.
It was possible to m_;ect up to ’0 p‘l, correspondlno to 40 nmol, thhout the occurrence
"_ofrmxedzones- R : '

" - As pointed-out earher11 even the purest cornmerc:lally avaﬂa.b[e chemxcais ,

- contain small amounts of UV- absorbmg impurities. Figs: 1 and 2 show that such

" impuritie$ were présent with the terminating ﬁ-alamne. When anaivzmg the synthetxc

peptide Ala-Gln the above i impurities occurred after the zone, but between the zones
when analyzing the free amino acids Ala and Gln. Tt has been claimed that such

~ impurities with different net ‘mabilities serve as markers mdlcatmg ‘the zene ‘boun-

-daries Betweén two non-UV-absorbing sample zones'3. ‘In our hands, hov&ever ‘the

_ presence of a “separation peak” between two non-UV- absorbmg Zones was. found to -
" be mdependent of the occurrence of i impurity, peaks This may suggest: that the "sepa-

. ratlon peak™ is not necessardy related to a UV-absorbmg material.. -

o In an earfier study the two synthetic peptldes were characte*tzed by TLC

amino acid analyses and E’MR“’ ‘The’ prewous data are m good acrreement thh those :
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Fig. 3. Quaniification by measuring the zene leagh.

reported in the present paper. Howaver, analytical isotachophoresis was found to be
more rapid and senmsitive compared to the above methods. A further ebvious ad-
vantage of the present method is the p\.&_ibls_ conco:mtant quzmtztauve evaluauon of
the purified peptices. - :
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