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Abstract 

The formation constants for complexes of Zn(I1) 
with GHL and related peptides have been determin- 
ed by means of potentiometric titration and ‘H NMR 
spectroscopy in aqueous solution. GHL has a high 
affinity for Zn(I1) but this somewhat higher affinity 
compared to the related peptides AH, LH and HL* is 
not a sufficient explanation for its biological role. 

‘H NMR spectroscopy allows structural assignment 
of the relative chemical shifts to complex structures 
and the method, therefore, is a powerful tool for the 
determination of complex structures when the metal 
ion is diamagnetic and the ESR method previously 
applied to the GHL-Cu(I1) system (see ref. 4) can- 
not be used. 

Introduction 

GHL 1s isolated from human plasma in amounts 
of about 200 ngjcm” [ 1,2]. In combination with the 
transition metals copper(H), iron(H) and zinc(H), 
GHL enhances the growth of cultured hepatoma 
cells, whereas the addition of these metals without 
GHL decreases the number of these cells [3]. It is 
assumed that these metals bmd to the membrane 
where they seem to have toxic effects [3]. Pickart 
and Thaler [3] postulated a mechanism for the mode 
of action of GHL: GHL should be able to loosen the 
connection of the toxic metal ions to the membrane 
and transport the metals. This hypothesis is support- 
ed by our investigatrons on the Cu(II)-GHL-HSA* 
system 141 . 

Besides that, GHL has many other biological 
functions [5-141. Many investigations have been 
carried out which show the biological importance 
and mechanism of action of GHL (recently reviewed 
by Pickart [ 151). It is known that GHL-related pep- 

*Abbreviations: AH = L-histidine-NZ-Lalanyl; GH = L- 
histldine-N2 glycyl; GHL = L-lysine-N2 -(-Nglycyl-L-hystld- 
yl); CL = L-lysine-NZ glycyl; HL = L-lysine-N2 -L-histidyl; 
HSA = human serum albumin, LH = L-histidme-N2-L-leucyl; 
VL = L-lysme-N’-L-valyl. 
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tides display no biological effects or only low acti- 
vities [5] . 

In order to find out the specific properties of 
GHL in complex formation, which may be res- 
ponsible for its biological role, in this work the com- 
plex formation of GHL with Zn(I1) 1s compared to 
that with related peptides. 

The system Zn(II)-GHL has been investigated 
SO far by ‘H NMR spectroscopy only with respect 
to the location of the binding sites for Zn(II) and 
Cu(I1) at pD = 7.1 [ 161. In our work ‘H NMR 
spectroscopy was used to determine formation 
constants, the spectra of the species and the bind- 
ing sites appearing at different pD. 

The following dipeptides related to GHL were 
used: HL (the C-terminal dipeptide of GHL), AH 
and LH representing the N-terminal dipeptide and 
GL* and VL* m order to determine the influence of 
lysine as compared to other ahphatic dipeptides like 
glycylglycine. 

Experimental 

Matenals 
Zn(N03)z*Hz 0 (analytical grade) was obtain- 

ed from Merck. The concentration of the Zn(I1) 
stock solution was determined by complexometric 
titration. All peptides listed in Table I were obtain- 
ed from Serva and were used without further puri- 
fication. All aqueous solutions were prepared usmg 
CO2 free distilled water; the ionic strength was 0.1 
M NaN03 m HzO. Acid and base were Titrisol prod- 
ucts (Merck). D20 (99.8%) was obtained from 
Stohler Isotope Chemicals. 

Potentiometric Titrations 
Titrations were carried out at various metal/ 

hgand ratios ranging from 1:l to 1:4. The Zn(I1) 
concentration was 0.001-0.0025 M. The systems 
were titrated with 0.4 M NaOH at 37 “c f 0.3 “C 
using a 0.2 cm3 burette (Gilmont) after adding an 
appropriate amount of HCl. 

‘H NMR Experiments 
The chemical shifts of the protons of the pep- 

tides were measured with and without the presence 
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Fig. 9. pKF as a function of pH: pKpsr taken from potentio- 
metric titration M.L.LF = 1:l .l. 

one can compare the pKF as a function of pH. 
PK F is defined as the complex formation cons- 
tant for a corn lex of M with a fictive ligand LF 
(M + LF = P ML ) which would bind M to the same 
extent as the real ligand L in all complexes M,H,- 
L, (p > 1) together. This diagram is shown in Fig. 
9. At physrological pH = 7.4 GHL has the highest 
affinity to Zn(II), followed by AH, HL and LH and 
further GL and VL. The specific properties of GHL 
in complex formation seem to be therefore (see also 
refs. [4, 16, 261): 

a) The presence of the structure element GH 
which 1s able to split a proton from the peptide 
nitrogen when Zn(I1) is bound. This functionality 
is also present in AH and LH; but Zn(I1) cannot split 
off this proton m HL, GL and VL. 

b) Although the e-amino group of lysine is not 
involved in complex formation, the side chain of 
lysine may cause an additional ‘embedding effect’, 
which leads to a somewhat hrgher affinity for Zn- 
(II) as compared to AH and LH, and which may 
be the reason that GHL does not form 1:2 com- 
plexes with Zn(I1) (steric hindrance). 

c) The higher affinity for Zn(II) cannot be a satis- 
factory explanation for the biological functions of 
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GHL; in addition the e-amino group of lysine should 
act as a further functional element, most probably 
in its protonated form, which could allow donor- 
acceptor interaction with the other molecules involv- 
ed [3,4,26]. 
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