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SUMMARY 

The behaviour of the copper complexes of amino acids and peptides was 
investigated on TEAE-cellulose, DEAE-Sephadex A-25 and DEAE-Sephadex A-50 
at pII 8.0. 

A method is described for the separation of the classes of compounds, neutral 
amino acids, neutral dipeptides and neutral oligopeptides, from each other via their 
copper complexes in two chromatographic steps at pI3 8.0 : DEAE-Sephadex A-25 sepa- 
rates amino acids from peptides, and DEAE-Sephadex A-50 separates dipeptides from 
oligopeptides. By a slight modification of the present procedure is also seems possible 
to separate tripeptides -t_ tetrapeptides from pentapeptides + higher peptides. 

The procedure is believed to be the first chemical technique to be described for 
the fractionation of peptide mixtures into classes of peptides. The method was applied 
to the fractionation of peptides from human urine on analytical and preparative scales. 

INTRODUCTION 

In a previous communicationi, a method for the separation of neutral oligo- 
peptides from an excess of neutral amino acids in urine was described, based on the 
procedure of TOMMEL et al. 9. After the formation of copper complexes at pI3 8.0, the 
negatively charged copper-peptide complexes are separated from the electro-neutral 
copper-amino acid complexes by ion-exchange chromatography on TEAE-cellulose 
at pH 8.0. From theoretical considerations, however (see under DISCUSSION), one can 
expect dipeptides to be lost into the amino acid fraction. In orde? to clarify this’ 
subject and to eliminate this possible disadvantage, we investigated the behaviour 
of synthetic peptides as their copper complexes on TEAE-cellulose, DEAE-Sephadex 

~~‘A-25 and DEAE-Sephadex A-50 at pl3 8.0, As a, result, we propose a* method 
L. for the separation of’dipeptides from oligopeptides and excess of amino acids. 

l Stlpportecl by the Sch%Azcrischc Nntionalfoncls zur Pl)rclortlng clcr wisscnschaftlichon 
For&hung, Project No. 3r$3g.70. 
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262 I?. GILIBERTI, A. NIEJ~ERWIESER 

EXPERIMENTAL AND RESULTS 

Materials am? @c$aration of tlze cohnm 
Ant&o acids und fq!&dos. These were obtained from Sigma Chemical Company, 

St. Louis, MO., U.S.A., and from Fluka RG, CH-94.70 Buchs, Switzerland. 
Borate I>zt&r, 50 wM solution, @J 8.0. Boric acid, 15.5 g, was dissolved in 

20.5 ml of I iV sodium hydroxide solution and diluted to 5 1 with distilled water. 
Using a glass electrode, the pI-I was adjusted by adding sodium hydroxide or acetic 
acid, 

Sodiwn bicarbonate bufler, 5 ntM OY 50 mM solzttiova, $H 8.0 OY 9.0. Sodium 
bicarbonate, 2.1 g or 21 g, was dissolved in 5 1 of distilled water and the pH was 
adjusted by using a glass electrode by adding 0.1 iV or I N sodium hydroxide solution 
or by bubbling carbon dioxide through the solution. The 5-mM buffer was separated 
from the air by a layer of toluene. The pH of the buffer of pH 8.0 increased slowly on 
standing and was re-adjusted with carbon dioxide. 

Basic co@er(II) carbonate, CztCO, l Cz,c (OH),. This was obtained from 15. Merck 
AG, Darmstadt, G.F.R. 

1092 exchangers. TEAE-cellulose (Serva Entwicklungslabor, Heidelberg, G .I;. 13.) 
and DEAE-Sephadex A-25 and A-50 (Pbarmacia Fine Chemicals AB, Uppsala, 
Sweden) were used. The ion exchanger was swelled and sedimented in distilled water 
and the fines were removed by suction. Prior to use, the residue was washed thor- 
oughly on a sintered glass funnel, provided with a filter-paper, successively with 
0.5 N sodium hydroxide solution, distilled water, 0.1 N hydrochloric acid, distilled 
water, 0.5 N sodium hydroxide solution, distilled water, 50 mM sodium bicarbonate 
(or borate) buffer and, for column chromatographic experiments, finally with 5 mM 
sodium bicarbonate buffer (see below). This washing procedure with the chemicals 
(but not with the distilled water) was continued until the pH of the eluate was 
identical with that of the washing fluid. The equilibrated resin was suspended in 
buffer and rapidly de-gassed ijz vamo. 

Pvcfinration of the coluna~t 
The rapidly de-gassed suspension of ion-exclrange resin was loaded into a 

column* to give a gel bed of dimensions 2.5 x 35 cm after further equilibration 
overnight with 5 mM sodium bicarbonate buffer (pH 8.0) at a flow-rate of 120 ml/h. 
over the recin bed there should be free (buffer-filled) space to allow for the 
expansion of the gel during equilibration. Prior to using the column, the pH of the 
column eflluent must be &O-&I (glass electrode), 

TJtidayer chromatography 
The behaviour of copper-peptide complexes on the weakly basic ion-exchangers 

TEAE-cellulose and DEAE-Sephadex A-25 and A-50 was investigated at pH 8.0 
by thin-layer chromatography (TLC). Layers I-mm thick (20 x 20 cm) were prepared 
from a slurry of the washed and equilibrated ion exchangers in 50 mM borate buffer 
(pH 8.0) by using a Desaga spreader*+. When still wet, the plates were immediately 

l Typo K 2514.5 with flow sclsptcr, Phartnacin. Vine ChcmictrIs AI3, Uppsalit, Swcclcn . 
l * C. Dcsagn GmbH, Hciclelbcrg, G,I~.II. 
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put in a. I3N-chamber* and further equilibrated for at least 4 h with 50 milk! borate 
buffer (PI-I 8.0) by the flow-through teclmiq.&. 

For formation of copper complexes, I mg of peptide was dkolved in I ml of 
50 mN borate buffer (pH 8.0) and 50 mg of basic copper(I1) carbonate were added. 
After shaking for 30 min at room temperature, the mixture was centrifuged, the 
clear liquid containing the copper complex .was ‘aspirated off and the pH was re- 
adjusted to 8.0 by using a glass electrode and sodium hydroxide solution or acetic 
acid in a, microburette’“. This solution (10-20 [cl) was applied on to the thin-layer. 
A solution containing 2.5 pmole/ml of each amino acid was treated in a similar 
manner and applied as a reference. 
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PENTA(ILVCINE 

A-25 A-50 

I?ig. 1. C~~romiltojirill~hiC Lwhuviour of copper conil~lcxcs of neutral pcpticlcs on l>lZAE-Sephaclcx 
A-25 ant1 A-50 in 50 mM sodium borate buffer (p1-I 8.0) (clntn from ‘i’ablc 1). On DEAU-Sephnclcx 
A-25, scparntion of pcptitlcs from amino acids occurs. On DI~AB-Scphatlex A-50, fractionation 
into classes of ncutrnl cliIx_q~titlcs and Iw~trnl oligopcpticlcs is possible. lic~l~ = rclativc mobility 
of Cu (glycinc),. 

TLC data for the copper-pcptide complexes, relative to the migration velocity 
of the neutral copper-amino acid complexes, are compiled in Table I and Fig. I. 
These data should be regarded as indicative values only. However, the possibility of 
separating compounds into classes of neutral amino acids, dipeptides and oligo- 
peptides by two-step chromatography is obvious from Fig. I : all the neutral peptides 
investigated were retained as copper complexes on DERE-Sephadex A-25 and were 
separated from the neutral (and basic) amino acids which ran through. The pcptide 
fraction obtained in this way can be separated further on DIME-Sephadex A-50 

l C. l>csnga GmbI-I, I-Jciclclbcrg, G.F,IL 
l * Type 11 457, Mctrolm~ AC;, I-Icrisnu, Swit;zcrlanrl. 
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/tRr., VALUES oI> COPPER-_PEI’TIUE COMPLESES R~LATEI:, TO NEUTRAL CODI’ILIZ-AMINO ACID COM- 
PLEXIS ON WIZAICLY BASIC ION-EXCHANGERS IN 50 IniW soI>Iubf BORATE r3uwER (PI-1 8.0) 

Flow-through TLC tcchniquc $3 in UN-chamber at room tcmpcraturc. ItRp values arc means of 

three determinations. 
_-.-- .- 

Compozwd TEA LT-Cellulose DEAL--So~~kadox DEAB-Sefiltadex 
A -25 A -50 

______...___ .._-.-.-- _____--- ---.- - - . ..---.-.--_--.__-- _.,.. ___. __ _._._..__ . . - -- _-.-. _.. .___ _ __._ 

A &no acids, neutral, alipliatic 100 IO0 100 

Dipe$tides, acidic 
Ala-Asp I3 I6 

Gly-hup IO 2 18 
Gly-Glu 9 3 IO 

Dipcptides, bas,ic 
y-Abu-His 

(homocarnosinc) 95 76 
Ala-His 37 II 74 
P-Ala-His 

(carnosinc) go 93 96 
/&Ala-I-Mchis 

(itnscrinc) II4 ‘)I 
Gly-His 56 25 64 
Gly-Lys I50 10s 

Dipc$&des, wrrtral 
Ala-Gly 4I I2 68 

Ala-Ilc 01 IG 6~) 

AlrwPro 87 42 
Ala-Scr 4 G IS z.; 
Ala-Thr 53 I7 63 
Ala-Tyr 21 8 56 
Gly-Gly 28 IG 37 
Gly-Pro 80 45 79 
Gly-Scr 38 I4 39 
Gly-‘l’rp I5 5 5I 
Gly-Val 32 I5 42 
.I.-Elyp-Gly 45 I9 
Leu-‘l‘yr 20 G ;r; 
Met-Gly 43 I4 .5s 

Phc-Phc 22 IO Pro-Als 56 22 F; 

Pro-Gly 54 19 (J5 
Pro-I&U 5: I9 63 
Pro-Plw I7 68 
Pro-Val So I7 GG 

Tvipcpidos, ?rcutral 
Gly-Gly-Gly 
Gly-Gly-Lcu 
Gly-Gly-Pro 
Gly-Lcu-Tyr 
Gly-Phe-Phe 
Lcu-Gly-Gly 
Leu-Gly-Lcu 
Tyr-Gl y-G1 y 
Val-Gly-Gly 

I3 
I4 
47 

9 
II 
I3 
I8 

9 
II 

0 

I 
I3 

0.5 
4 
4 
5 

22 
28 

33 
25 
21 

23 
22 
21 

23 

Y’otra- and pcntajxptidos 
Gly-Gly-Gly-Gly 9 c 0 21 

Gly-Gly-Gly-Gly-Gly 3 0 9 
_ ,_ ,.,_ _ ______ __________..____ .._. _-- __._ - ..--. ._ .-_-_ . . --.- .__.-_,_ __ ._._ __ ____.. --__ .,___ - .___...._. . .- 
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S@PARATION OF NEUTRAL AMINO ACIDS,, DI- AND OJ.IGOPEPTIDES 2% 

into the neutral dipeptide fraction and the sl.ow-moving oligopeptidc fraction. The 
investigated neutral di- and tripepticles. do not overlafi. 

On the basis of the above results, we modified our procedure for the separation of 
peptidcs from amino acids’ in order to isolate dipepticles from urine preparatively 
(Fig, 2). The replacement of the TERE-cellulose used previously1 by DEAE-Sephaclex 
A-25 causes a long tailing of the amino acid peak. This was demonstrated particularly 
well when the absorption of the copper complex’es was recorded in the UV region 
(250-280 nm), where it is much higher than in the visible region at 580 nm. It is 
therefore necessary to increase the rinsing volume by a factor of about I& (from the 
start to the end of the amino acid fraction). On the other hand, the peptides are also 
bound more strongly. Many peptides cannot be eluted with 0.2 M acetic acid from 
DEAE-Sephadex A-25, an eluent which is adequate for TEAE-cellulose, and 2 M 
formic acid has to be used. 

Aliquot of z‘t-11 urine, conccntratcd 5 times 

I 

Copper complex formation with 
cuco,~Cu(oI-I), at pf-I 8.0 

llrinc with copper complexes 
(I) Column chromatography on 
DEAE-Scphadex A-25, bicsrbonato form, 
pI-I 8.0 _-.-..--___ _.._ -_- .__..._ - _____._ - __... 

I I 
(a) 5 mM soklium bicarbonate, (b) 2 i+f formic acid 

pI-I 8.0 
J 

Fraction A 
i 

Fraction I? 
(nmincs, neutral substances, 
copper complcxcs of aniino 
acids an cl 
pcpticlcs) 

(pepticlcs ant1 organic acids) 
I Copper complex formation : 

st*rongly basic (2)’ dolumn dhromatography on 

DERE-Scphaclcx R-50, 
’ bicnrbonntc form, p1-I 8.0 ._ .-. _... 

I 
..__ __-__.- ._.. 

(a) 5 mM sodium bicrcrboiiatc 
I 

(b) 0.2 M acetic acid 
pl-I 8.0 

4 -1 
Fraction D Fraction 0 
(neutral dipcptidcs) (oligopcptidcs) 
I.icmoval of copper with 8-hydroxyquinoli~ic in chloroform at 
p1-I 7; dctcction of pcptitlcs by dinitrophcnylation or clansyl- 
ation followed by two-climciisional TLC. 

Pig. 2. Proccdurc for the fractionation of urine. For isolation of neutral clipcpticlcs and oligopcp- 
ticlcs the sample muut first bc scparatccl by clcctrophorcsis at ~1-1 G nncl the ncutrnl fraction 
proccssccl as clcscribccl above. 

To avoid excess salt in the peptide fraction, ,whiclt would seriously disturb the 
second chromatographic step, the borate buffer was replaced by sodium bicarbonate 
buffer and the concentration was lowered to 5 mM. The ion exchanger in the bi- 
carbonate-carbonate form naturally releases carbon dioxide gas when it is rinsed 
with 2 M formic acid. EIowWer, this does not affect the recovery of the peptides, 

J. Clrvomalogv., 66 (1972) 26x-276 



266 P. GILU3ERT1, A. NIEIXZRWIESER 

provided the column outlet is at the top. The elution is continued until all the gas is 
expelled from the column. 

Because urine contains rather high and variable amounts of salt and urea, and 
in some diseases also high amino acid concentrations, it was necessary to study the 
effect of these substances on the new fractionation procedure. The test peptides for 
these studies were selected according to their behaviour in TLC (Table I), 

q&t of salt 

It can be expected that an increase of salt concentration in the sample solution 
will tend to increase the rate of migration of copper-peptide complexes on the ion 
exchanger, and will therefore cause a loss of peptides into the amino acid fraction A 
(Fig. 2). Therefore, the fastest moving dipeptides, glycylproline and glycylhistidine, 
were selected to check the influence of salt concentration on the separation of peptides 
from amino acids on DEAE-Sephadex A-25. Urea was included in the test solution 
at a concentration that simulates five-times concentrated urine. As shown in Table II, 
a concentration of sodium chloride of up to 6O/” in the sample solution does not 

TABLE II 

EFFECT 017 SALT JN THE SAMPLE 

DEAE-Scphaclcx h-25. bicarbonate form (pE1 8.0), gel bccl 2.5 x p, cm. Satnplc: IO ml of 
5 mM sodium bicarbonate buffer (PI-I 8.0) containing copper complcxcs of 40 tiig of glycinc, 
20 mg of Gly-His, 20 mg of Gly-Pro, 20 mg of Leu-Gly-Gly, 2 g of urea, ant1 o, o.G nncl I g of 
sodium chloride. Elution with 440 ml of 5 mM sodium bicarbonate buffer (~1-1 8.0) (fraction A), 
followccl by 360 ~1 of 2 M formic acid (fraction P). Blow-rate lao ml/h. Absorption rccorclcd at 
280 nm. 

NaCl in Swbstavicc Recovcvy (“/o) n 
sample -- 

(% W) 112 fraction A In fraction P 
“amino acids” “#fitides” 

.-...-. . . .._.- -_-_ 

0 GUY 90 0.7 
Gly-His 0 

Gly-Pro 0 zi4 

Lcu-Gly-Gly GI 

G Gl Y 8: 0.7 
Gly-His cl IO0 
Gly-Pro 0 100 

I.cu-Gly-Gly o 83 
IO Gl Y 72 0.G 

Gl y-His 72 18 
Gly-Pro 2 98 
Lcu-Gly-Gly o 77 

_._.._._ -_------ -- ---...-.-.._-_-_. __.._--_--_- _..._. -_- .._....__ ,.....__ ._ 
Q Analysis by automatic ion-exchange chromatography, 

affect the separation. With higher salt concentrations (IO?,), the dipepticlcs run 
into the amino acid fraction to an extent depending on the nature of the dipeptide. 
It is noteworthy that glycylhistidine is displaced to a much higher extent than 
glycylproline, although on TLC (lower salt concentration, favourable adsorbent :ad- 
sorbate ratio) glycylbistidine moves more slowly than glycylproline. It must be 
emphasized that the loss of resolution is obviously caused by the amount and not 
by the concentration of salt: practically the same chromatographic picture (not 
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SEPARATION OF NEUTRAL AMINO ACIDS, DI- AND OLIGOPEPTIDES 267 

shown) was olAxked wlum IO ml of 6% or zoo ml of o.~O/~ sodium chloride solution 
were applied. 

Urea does not influence the chromatogrsphic behsviour of copper-peptide 
complexes on DEAE-Sephadex A-25 at pH 8.0 at concentrations of up to 6 M in the 
elution buffer. However, a very high concentration (12 M) of urea is able to displace 
the peptides from the resin. As such high concentrations are not attained in our 
procedure, the influence of urea can be neglected. Urea is not retained on Sephadex 
A-25 and is found in the amino acid fraction A. Its influence on DEAE-Sephadex 
A-50 was therefore not tested. 

The results outlined above were obtained by TLC experiments. Layers of 
DEAE-Sephadex A-25 were equilibrated with 50 mM sodium borate buffer (pH 8.0) 
containing urea at concentrations of o, 18, 36 and 72% w/v. Copper complexes of 
glycine, triglycine, tetraglycine, pentaglycine, alanylaspartic acid, alanylglycine and 
alanylisoleucine were applied. 

Esect of an&o acid commatration 
The influence of increasing loads of amino acids on the separation of pcptides 

from amino acids was studied on DEAE-Sephadex A-25. Unfortunately, these 
investigations were carried out at pH 9.0, at which pH the tailing of the amino acid 
peak is very pronounced and a few per cent of the amino acids run into the peptide 
fraction P (Table III). At pH 8.0, usually only traces of neutral amino acids are 
found in the peptide fraction (with the exception of tyrosine and tryptophan, see 
below). Nevertheless, the data in Table III demonstrate that the amino acids in 
concentrations to be expected in human urine do not influence the separation of 
pepticles from amino acids. 

TABLE III 

EPBECT OF LOAD 017 AMINO ACIDS 

IX?AE-Scp11,zdcx A-25, bicarbonntc form (pH g.o), gel bed 2.5 x 35 cm. Sscmplc: IO ml of 5.0 
mM sodium bicsrbonato buffer (pH 9.0) containing 20 ml: of Gly-His, 20 mg of Gly-Pro, 20 nq 
of Gly-Gly-Lcu, o.G g of sodium chloride, 2 g of urea and various amounts of amind aci’ds. Elution 
with 440 ml of 5.0 mM sodium bicarbonate buffer (PI-I 9.0) (fraction A), followed by 360 ml of 
2 M formic acid (fraction I?). Flow-rntc 120 ml./h. Extinction rccorclccl at 280 nm. Analysis of 
fractions h and I? by automatic ion-exchange chromato~rsphy. 

Load of ahno acids P+tides ill Amino acids in fraction P 
W,nJ fraction A 

(%) % ‘W 
Ala GUY 

0 so 0 2.3 I.15 

0 100 0 2.9 2.9 
too ’ 100 0 0.6 I.2 
-__-.--- -- .__. ----.--- _.-._ --.-- _-..--__.-.-_-.Y._ 

Recovery and distribaction of amino acids 
Regarding the great differences in the chemical structures of the amino acids, 

one may expect that some of the amino acids will run partially into the “dipeptide” 
and “oligopeptide” fractions. Therefore, we checked the behaviour of the amino 
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268 I’. GILIBl%RTI, A. NIEDERWIESER 

TABLE IV 

RECOVERS Oz’ AMINO ACIDS IN THE FRACTIONS OBTAINl3D UY THE STANDARD PROCEDURE (FIG. 2) 

AFTER COPPER COMPLEX FORMATION, SEI~ARATION ON ~)I:~AIZ-SISPIIADEX A-25 AND h-go AT ~1-1 8.0, 

AND REMOVAL 01’ COPPER 

Sample : IO ml, pH 8.0, contxining 3.5 mM of each amino acid, o.G g of sodium chloriclc and 
2 g of urea. 

Amino acid Fraction Total 

A 
recovl?vy 

n 0 (%I 
“nrwino acids” ’ ‘difiefitides” “oligopept~idcs” 

- .- 

Alanine 
Aryininc 
Asparngine 
Aspartic acid 
Cystine 
Glutamic acid 
Glycine 
Histidine 
I-Iydroxyprolinc 
Isolcucinc 
Lcucinc 
Lysine 
Mctllionine 
I-Mcthylhisticline 
Phcnylalaninc 
Proline 
Scrinc 
Tsurinc 
Thrconinc 
Tyrosine 
Valitw 

87 
97 
86 

7 
I8 
IO 

96 
87 
80 

84 
90 
95 
84 
77 
92 
92 
85 

8: 

nq 

0.3 0.3 
< 0.3 < 0.3 
< 0.3 < 0.3 

0.5 43 
< 0.3 < 0.3 

0.Q 54 
0.9 0.8 

I3 I.9 
< 0.5 < 0.5 

0.3 0.3 
< 0.2 < 0.2 

< 0.3 < 0.3 
< 0.2 < 0.2 

390 0.9 
0.4 0.3 

< 0.5 -C 0.5 
0.9 1.0 

77 < 0*2 

0.3 0.2 

9.5 0.5 

0.3 0.3 

87.G 
97 
86 

%P5 
64.9 
97.7 . 

101.9 

80 

84.G 
90 
95 
84 
80.9 

92.7 
92 
87 

z., 
s2 

8+6 

acids in the standard procedure by using a test mixture and analysing the different 
fractions by automatic ion-exchange chromatography. The results are shown in 
Table IV. 

The dipeptide fraction D contains 13% of the applied amount of histidine, 
3% of the methylhistidine and 9% of the tyrosine, presumably because of “aromatic 
adsorption” on DEAE-Sephadex A-25. Moreover, all the taurine is found in the 
“dipeptide” fraction. Taurine, bearing a sulphonic acid group instead of a carboxylic 
group, behaves here in an intermediate manner betwten a neutral and an acidic 
amino acid. 

The “oligopeptide” fraction contains only traces of the neutral and basic amine 
acids, but a large proportion of the acidic amino acids, The total recovery is between 
80 and 100% with the exception of cystine (18%) and the acidic amino acids (so- 
64%). Similar results were obtained by using our previous procedurel. The reason 
for the low recovery of cystine is still unknown. 

Recovery alzd distribution of ficfitides 
Similarly, the recovery of peptides was checked by fractionation of di- ant’ 

tri-peptides by using the standard procedure and analysing the fractions by automatic 
ion-exchange chromatography (Table V). As the peptides were determined quanti. 
tatively with ninhydrin without prior hydrolysis, the rather low colour response 
affected .the precision (see also Table II). 
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TABLE v 

RIXZOVERY 01’ IWPTIDES IN THE I’RACTIONS Ot3TAINI3D l3Y TI-II3 STANDARD 

APTl%R COPPER COMPLRS FORMATION, SllI’ARATION ON ~~~~~~-SEl’IlADEX A-25 
AND REMOVAL OF COPI’I5R 

269 

PROCEDURE (FIG. 2) 

AND A.50 AT PI-1 8.0, 

Sample: 1.0 ml, ~1-1 8.0, containing 60 mg of glycinc, 20 mg of Gly-Gly, 20 mg of Gly-Pro, 20 mg 
of Gly-Gly-Lcu, 0.6 .g of sodium chloride and 2 g of m-w. Iiccovcricv arc means of four cxpcri- 
mcnts in each instance. I 
--.-_I_---.-.-.--- ._-.._-_-__..____.._ .-._- ------ -- - ._... - ___._ -- _____._ 
Pcptide Fraction Total 

-_ . 
A 

recovcvy 
13 0 

“arni9z.o acids” 
(‘%) 

“di@ptides” “oligoficptidcs” 
_- --_- ----. --._---____ 

Gly-G1.y 0 96 4 IO0 
Gly-Pro 0 go c 0.6 90 
Gly-Gly-Lcu o Q 87 87 --- ~-- 

The tailing of the dipeptide band on the DIME-Sephadex A-50 column causes 
slow-moving dipeptides (e.g. glycylglycine, see Fig. I) to run into the oligopeptide 
fraction to a small extent (4%). On the other hand, there was no trace of the fastest 
moving tripeptide detectable in the clipeptide fraction D. 

The total recovery of the peptides was between 70 and IOO~/~, which is satis- 
factory. By analogy with the results with amino acids (Table IV), however, one may 
expect high losses of cystinylpeptides (not tested). 

This involves five-times concentration, ultrafiltration and copper complex 
formation of an aliquot of 24-h urine (see previous communicationl). The following 
procedure can be scaled up proportionally for preparative purposes. 

For preparation and equilibration of the column see EXPERIMENTAL and RE- 
SULTS. The clear copper complex solution (IO ml; PI-I 8.0) is applied by aspirating it 
through the flow adapter and the elution is started with 5 mM sodium bicarbonate 
buffer (pH 8.0). The flow-rate is 120 ml/h and the extinction is recorded at 280 nm. 
The first go ml of the effluent are discarded and the next 350 ml are collected (fraction 
A). With the column outlet at the top, the elution buffer is then changed to 2 Al 
formic acid using the same flow-rate, and elution is continued until all the air is 
expelled from the column (360 ml, fraction I?). The extinction can be recorded further 
using a de-bubbler at the flow-cell inlet. An aliquot of fraction A is adjusted to PI-I 7 
for the extraction of copper (see below). 

Coj!+wconaj!dex fowaation of fvactioga P 
Fraction 1’ is evaporated to remove the formic acid. The residue is dissolved in 

about 5 ml of distilled water, the pW of the solution is tidjusted to 8.0 using 4 N 
s,odium hydroxide solution in a microburette and a glass electrode, the volume is 
made up to IO ml with water and the solution is transferred to a zo-ml ground-glass 
tube which fits into the centrifuge. About 400 mg of basic copper(I1) carbonate is 
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270 I?. GILIBERTI, A, NIEDERWLESER 

added and the stoppered vessel is shaken at 40~ for 20 min. After centrifugation at 
4000 r.p,m. for 5 min, the liquid is ready for the second chromatography. 

Colwwt claromatogra$4zy on DEAE-Sq5laadex A-50 
The clear copper complex solution of fraction I? (g ml), re-adjusted to pH 8.0 

if necessary, is aspirated through the flow adapter. Elution is started with 5 mM 
sodium bicarbonate buffer (pH 8.0) at a flow-rate of 120 ml/h. The extinction is 
recorded at 280 nm. The first IOO ml of the effluent are discarded and the next 380 ml 
are collected (fraction D) and the volume is reduced to about 20 ml by evaporation 
iga vacua. After coIlection of fraction D, the column content is transferred completely 
into a beaker and the suspension is acidified with 0.2 M acetic acid to pH 3-4, The 
elution of the oligopeptides is possible by either of the following procedures, which 
will give similar results; however, the second is faster. 

(I) The suspension is loaded again into the chromatographic column and the 
effluent is collected quantitatively. The chromatographic bed is further rinsed with 
340 ml of 0.2 M acetic acid (120 ml/h). / 

(2) The suspension is filtered under suction through a funnel equipped with 
a porous glass disk and further rinsed, with stirring, with several portions of a total 
of 340 ml of 0.2 M acetic acid. 

The extracts (effluents or filtrates) are combined, evaporated to dryness i?z 
vaczco, and the residue is dissolved in about 20 ml of distilled water (fraction 0). 

Removal of co#x.r 
The PI-IS of the fractions are adjusted to 7 by adding sodium hydroxide solution 

or acetic acid, and the solutions are extracted with zo-ml portions of 0.6% w/v 
8-hydroxyquinoline in chloroform until the yellow colour disappears. The 8-hydroxy- 
cluinoline dissolved in the aqueous phase is then extracted three times with pure 
chloroform. 

Dinitrofihenylatio~~ and two-dinae?asional TLC 
Details have been given earlier 1. An excess of x00/O of solution is applied to the 

thin layer in order to compensate for the loss after the copper complex formation 
of fraction I? (see above). 

An example of the TLC pattern of fractions D and 0 from urine (as the clinitro- 
phenyl derivatives) is shown in Fig. 3. Using the same copper complex technique, 
but on a preparative scale, dipeptides have been isolated from fraction D and charac- 
terized by automatic ion-exchange chromatography after hydrolysis, and by mass 
spectrometry; these results will be described elsewhere. 

IDISCUSSION 

The observed difference in the chromatographic behaviour of the copper com- 
plexes of amino acids, dipeptides and oligopeptides poses the question of the struc- 
tures of the copper complexes at pH 8.0. Based on X-ray crystallographic analysis, 
excellent reviews on the structure of copper complexes have been published.’ by 
FREEMAN~*~.' 
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Fig. 3, Amino acid fraction (A), “dipcptidcs” (ID) and “oligopcptidcs” (0) from normal human 
urine (I I-year-old male). Ether-soluble (E) and acid-soluble (S) clinitrophonyl clerivatives 
cquivalcnt Lo o.x% (fraction A) and z.s~/~ (fractions I3 and 0), respectively, of 24-h urine 
separated by two-dimensional TLC: 1. The acidic amino acids sspitrtic acid, glutamic acid and 
a-nminoaclipic acid (Aad) run into fraction 0, but traces can nlso bc clctcctecl in fraction D. 
Taurine is found in fraction D. 

Simple amino acids are known to form electro-neutral z : I chelate complexes 
with copper(I1) at about ‘pE1 7. Both ligands chelate strongly through the a-amino 
nitrogen atom and one oxygen atom of the carboxyl group to form an approximately 
planar square around the copper atom. Geometrical isomerism occurs (IR and 
Laser-Raman spectroscopy0*7) and it seems that the c’is-i&mtrr is the more stable 
species, at least in crystals. The environment of the copper atom is usually tetragonally 
distorted octahedral, with two oxygen atoms more weakly bound along the normal 
to the square of the four closest ligand atoms. In crystals, these oxygen atoms belong 
to a carboxyl group of the neighbouring complex and/or water (Fig. 4a) ; in solution 
these positions are filled by two water molecules. . 

In peptides, complex formation (in neutral and alkaline media) obviously 
starts with the binding of the N-terminal amino group. The next three peptide 
nitrogens can then be bound successively in the coordination square, Character- 
istically the protons from the peptide nitrogen atoms dissociate at higher pH values 
(see below), which leads to negatively charged complexes of tripeptides and higher 
peptides, The tendency of the copper to bind further ligands decreases: whereas the 
coordination number in the copper complex of the crystals of amino acicls is six, it 
is only five in dipeptide9 and four in the pentapeptide complex disodium penta- 
glycinatocuprate(I1) 4,5-hydrate9 (Pig. 4). 
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Fig. 4, Structures of copper complexes of amino acids ancl pcptides, basccl on X-ray analyscsd. 
a, Bis(glycinato)copper(II) hydrate, cis; b, glycylglycinatocoppcr( II) trihyclratcA; c, sodium 
glycylglycylglycinatocupratc(Il) hvdralSA, ancl d ; disoclium ylycylglycylglycylglycylglycinato- 
cupratc(I1) 4.5~hydrate?. Sodium ions ancl hydrate molcculcs outside the copper coordination 
sphere have been omitted. Note the decreasing coordination number and the planar structure 
of the N-terminal pcpticlc residue. 

Histidine is able to &elate strongly with the imidazole-1 nitrogenlO and, in 
dimers, with the imidazole-3 nitrogen. 11J2, For steric reasons, however, only peptide 
bonds on the side of its amino group can be involved in the complexes of histidyl- 
peptides’3. The participation of the lysyl side-chain (vasopressin)14 and the hydroxyl 
group in tyrosine ~1~ does not seem to occur in general; there is evidence, however, 
for the participation of tyrosine in transferrins l7. Also, the hydroxyl group in threonine 
does not chelater0. 

Unfortunately, however, the picture of the copper complexes is complicated 
by the possibility of the formation of polynuclear complexes. For example, dimers 
have been isolated of ,%alanylhistidinatocopper( I I) dihyclratell and sodium glycyl- 
glycylglycinatocuprate(I1) hydrateIS (Fig. 4~). Peptide-copper-peptide chains can be 
recognized in the crystals of bisglutamatocopper(I1) dihydratel” and in glycyl- 
histidinatocopper(I1) sesquihydrate20. Cystinylglycylglycine binds two atoms of 
copper(I1) per peptide molecule and it has been shown that a copper-copper inter- 
action occurs in the binuclear complex 21. It could be that the low recovery of aspartic 
acid, glutamic acid and cystine (Table IV) is due to the formation of polynuclear 
complexes of these amino acids, 

The net charge of the copper complexes at pN 8.0 is most important for the 
separation described in this paper. At this pH, the complexes of neutral amino acids 
are electro-neutral. The same is true also for most of the simple dipeptides. How- 
ever, dissociation of a. proton occurs from the water molecule positioned within the 
coordination square of dipeptides (Fig. 4b) at a higher PH. From the data in Table VI 
it can be seen that this occurs at pK g.I--9.6. Hence, at a pH 8.0, about 5% of the 
molecules bear a negative charge. As tlie dissociation of the proton from the second 
peptide bond occurs at pK w 7, more than 90% of the molecules of copper complexes 
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PI< VALUES OF COPPlik-I’EPTLDE COMI’LEXRS 

K” : [Cu-pcpticlc]+ * I-I+ -t_ [Cu-pcpticlcl” 
K-l : [Cu-popticlc] x O + I-l-+ -b [Cu-pcpticleJ-l 
K-a : [Cu-pcptidcl- l + I-I+ _1- [Cu-pcpticlc]-g 
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No cliffcrcntiation was mntle according to the nature of the negative charge (OH- or clc-protonntecl 
papticlc-boncl nitrogen). 
.-.__ . .._.____.. _.___..__ ._.___ - ---._ ..-. -.__---_ --.-.- -- -.-.. -_._---- _-._ ---- ._.. - . ..___ --- 
Peptide p K” pw- +I(-8 Rcf~?vc~zce 
-~_--___-_-.__-___-__._-~~ --.-- ._.... - ._.._ ---.__. .-_- .._-_.._. -_.. . . _ 

Ala-Gly 

Gly-Ala 
Gly-clchyt1roAla 
Gly-dchyclrol~l~e 
N,N-ditncthylGly-clchyclroPhe 
Gly-Gly 

Gly-Val 

Fro-Gly 
Sar-cle1~yclroR1a 
Sar-clehyclrol?l~c 
Sar-Gly 
Val-Gly 

Gly-Gly-Gly 

Gly-Gly-Sax 

Ala-Gly-Gly-Gly 
Gly-Gly-Gly-Gly 

~\la--Gly-Gly-Gly-Gly 
Gly-Gly-Gly-Gly-Ala 
Gly-Gly-Gly-Gly-Gly 
Val-T,cu-Scr-Gln-Gly 
Val-Lcu-Scr-Glu-Gly 

4.28 
4.16 
4.03 
3.4.5 
4.31 
3.14 
3.90 
4.25 
4, * 79 
4.75 
4.85 
3.95 
3.36 
4.oG 
3.45 
3.85 

5.10 
5.4 
5.2 

5.86 

55.z; 
5:G 

6.00 
G.OI 
G.IO 

5.9s 
6.00 

9.4. 
9.6 
9.3 
9.37 12.2 

9.30 12.0 

9.34 
9.3 
9.4 
9.19 II.9 

9.13 11.8 

G.Sg II.9 

6.63 IO.9 
9.3 12 

6.98 g.2G 

6.93: 9.23 
6.95 9.30 
6.77 9.0 

7.00 8.21 

7.05 8.25 
7.00 8.14 
6.98 S.13 
7.18 8.20 

22 
22 

22 

23 
23 
23 
24 
22 

25 
24 
22 

24 
23 
23 
24 
24 

2G 
27 
26 

2s 

26 
2s 
27 

2s 
28 
28 
2s 
28 

l’AI3LE VII 

PERCENThGl3 01’ COPPER-AMINO ACID AND COPPER-PEPTIDE COMPLES MOLECULES Ul3hRING AN 

ELECTRICAL CHARGE AT PI-1 8.0, ESTIMATED ACCORDING TO THE pl< VALUES 017 TAULE VI 

‘I’hc cstixnation is b;mxl on the following rncan pIC values: clipepticles: PI\‘-’ = 9.3; tripcpticlcs: 
pK-’ = 6.8 ; tctmycptidcs: pK-l I= 6.95, pK-a = 9.3 ; pontnpcpticlcs, p.K-* = 7.00, pI\‘-a = S.2. 
.-.--~-.-..~---.-~- ______ -.--- __._._ --__-_- _____. ~.._____ ---.--.------- 
?‘yjlc of coznpoznid Nzcvnbcv of elect&al clmrps Mean of 

- clectvicad cltarga 
0 --I -2 

Neutral amino acid s 100 0 0 0 

Ncu tral clipepticlcs 95 5 0 -0.05 
Neutral. tripoptidov G 94 0 -0.94 
Neutral to trnpeptidcs 

z! 
88 5 -0.98 

Ncu tral pcntnpcptides 52 40 -1.32 
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of neutral tri- and tctra-peptides bear one negative charge at p1-I 8.0. In penta- 
peptides, the proton of the third peptide bond dissociates at pK w 8.2 (Table VI.) 
and an appreciable percentage of the complex molecules bear two negative charges. 
From such estimations (Table VII), it can be concluded that a separation process 
according to the net electrical charge (ion-exchange chromatography, clcctrophoresis) 
separates the copper complexes of neutral amino acids and peptides into the three 
classes: amino acids + dipeptides; tri- and tetra-peptides ; and pentapeptides ( + 

higher oligopeptides). Peptides containing one proline, lzydroxyproline or N-methyl- 
amino acid (sarcosine) in positions 2-4 should be eluted in the next lower class as 
+e peptide groups of secondary amines do not contain a dissociable proton. On the 
other hand, compleses of peptides containing an acidic amino acid bear an excess 
negative charge and should be eluted in the higher peptide fraction. 

These estimations correspond qualitatively with the separations observed on 
the ion exchangers DIME-Sephadex A-50 and TEAE-cell.ulose, as shown in Fig, I 
and Table I. Tripeptides are separated from dipeptides, and it seems to be possible 
that tetrapeptides run together with the tripeptides and are separated from penta- 
peptides. Unfortunately, only one example each of tetra- and penta-peptides could 
be included in these studies, However, it is difficult to understand why the dipeptides 
should be retained to such an extent, which is still more pronounced on .DEAE- 
Sephadex A-25. At least glycylproline and alanylproline, which are unable to dis- 
sociate a peptide proton, should theoretically run into the amino acid fraction; in 
practice they run faster than the other dipeptides, but much slower than the amino 
acids on DEAE-Sephadex A-25 (Fig. I). 

An explanation of this unexpected behaviour of the dipeptides would be that 
free amino groups of the ion exchanger coordinate temporarily with the copper- 
dipeptide complexes and, in this way, bind the complexes to the resin as long as this 

TABLE VIII 

Icav VALUES OF COPPER COMI’LEXXS AT pH 8.0 AND ANION-l3XClIANC CAPACITY OF DEAE- 
Smw~~mx A-25 AND A-50 

T/l8 - v, 
ICav = -, whcrc Ve, II, ancl l/t arc the clution volurncs of the copper complex, starch 

Vt- I/‘” 
(amylum solubile, Merck) ancl glucose, rcspcctivcly. .*. 

Compolcnd DBA IT-Scplrade.z: A -25, DEA E-Sephade.t A-50, 
5 mM sodium bicavbonale IO w&M borate 
(PH 8.0) (pIi! 8.0) 

Triethylenctetraminc 0.07 0.08 
hlaninc I.5 o-9 
Gl y-Pro 12 r.G 

Gly-Gly 18 

Gly-Gly-Lcu 70 ::: 
- 

Capacity (millicquiv. 
per ml of swelled resin) 3. f a 0.32R 

fi The chloride form of the anion exchanger was swcllcd in distilled wntcr and loaded in a 
column to give a gel bed volume of 7.0 ml. After clctcrmination of T/t, the column was washccl with 
cxccss of c-1.1 N sodium hydroxide solution and an aliquot of the total affluent WRS titrated with 
0.1 N hydrochloric acicl. In clistillccl water, I g of DI~AE-Seplladcx A-25 nncl h-50 swelled 
to a ,,volumc of 7.0 and 105 ml, respcctivcly. 
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complexing exists. It is well known that the apical position in octahedral or tetrsgonal 
pyramidal coordination can be exchanged rapidly. Partitipation of the exchanger 
amine in the apical position only would decrease the mobility of the copper-amino 
acid complexes also, and could not explain the observed difference in the chromato- 
graphic properties of amino acids and dipeptides. It may be noleworthy, in this con- 
text, that the copper-amino acid complexes move more slowly than expected on the 
DEAE-Sephadex ion exchangers (Table.VIII), but this fact could also be caused by 
non-specific adsorption. In the dipeptide complexes, however, a free amino group 
within the coordination sphere of the copper would also be able to replace the strongly 
bound water molecule in the coordination square and would then be able to bind the 
complex to the resin for a much longer time. 

The differences in chromatographic mobilities on the three ion exchangers 
(Table I) can be explained by their different exchange capacities (Table VIII). DEAE- 
Sephadex A-25 possesses a capacity per unit volume of the swollen exchanger 
about ten times greater than that of DEAE-Sephadex A-50. On TEAE-cellulose, a 
particularly high “aromatic adsorption” is observed, whidh slows down the mobility 
of peptides containing tyrosine, phenylalanine, histidine (and, tryptophan), in com- 
parison with DEAE-Sephadex A-50 (Table I), I 

In order to fully exploit the possibilities of the separation principle described 
here, the sample should be fractionated by electrophoresis at pH 6 prior to the 
formation of copper complexes, and only the neutral fraction thus obtahied separated , 

as copper complexes. As we were interested primarily in a screening procedure, we 
have omitted this electrophoretic step il;l our procedure. 

It seems to be possible to modify the procedure describecl here by stepwise or ’ 

gradient elution of the different substance classes from one single DEAE-Sephadex 
A-25 column with buffers of decreasing pH, We were anxious to do this because it 
is known that the stability of the copper-peptide complexes decreases remarkably 

We are indebted to Prof. Dr. H. WERNER and Dr. M. TEXTOR, DeGartment of 

at pH values below 7, 
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