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Kinetics of complexation of Nill by 'r-x.-~lutamyl·L-cysteinyl~lycine have 
been investi~ated In the pH ran~e 6.13-7.18, I-0.15 M KN01 and at tem· 
perature• 25, 30, 35 and 40G ( ± 0.05") using stopped Dow spectrophotometer. 
The values of kobo vary from 36.0 to 962 M-• a-•. Kinetics of the complexa­
tion reaction has been studied In terms of a mechanism in which water 
loss from the metal ion is an important rate-determining step. Overall 
rate constants have been resolved Into specific rate constants and there Ia 
aood a~reement between the calculated and experimentally obtained 
values for kobs at various pH's. The values of activation parameters bave 
been evaluated. 

:V-L·Glutamyl-L-cysteinylglycine is involved in nume-
rous cellular processes1., m the transport of amino 

acids and peptides across cell membranes via the 
y-glutamylcycle 11 • Because of its biological impor­
tance, it was thought desirable to investigate the 
kinetics of interaction of Niii with y-L-glutamyl-L­
cysteinylglycine, having NH 11 , COOH and SH sites 
available for reaction. A number of kinetic studies8 

of amino ac1ds with metal ions have been carried 
out, but no clear information is available regarding 
the complexation of y-L-glutamyl·L-cysteinylglycine 
with Niii, Letter and Jordan• found the results 
irreproducible at higher pH's. Keeping this in 
view, a comprehensive kinetic study on interaction 
of Niii with y-L-glutamyl-L-cysteinylglycine in the 
pH range 6.20- 7.18 and at temperatures 25, 30, 35 
and 40" (±0.05") was carried out. It has been 
found by us that results were reproducible within 
2% if freshly prepared solution is taken every time. 

oscilloscope. Blank experiments in which {i) indi­
cator and metal ion solution and (ii) indicator 
and ligand solutions were mixed showed no trans­
mittance change to interfere with the results. 

Experimental 

)1-L-Glutamyl-L-cysteinylglycine (B.D.H.), KN0 8 

(Sarabhai, O.R.), bromothymol blue (B.D.H.) and 
Ni(N08 ) 1 .6H8 0 (Merck) were used as such. 

The pH of solution was adjusted using 2,6-luti· 
dine (Merck-Schuchardt) and HCl (Olaxo, A.R.) 
and the final pH was taken on a Radiometer pHM 
26 pH-meter. 

The temperature of the system in the stopped 
flow assembly was maintained constant at the desired 
temperature. An Aminco Morrow stopped flow 
spectrophotometer along with matching electronic 
console was used for rate studies. The transmittance 
changes were monitored at 620 nm by pH indicator 
method 11 • The total transmittance change was kept 
small using linear log photometer so that relative 
voltase changes (AY) could be observed on the 

Results and Discussion 

The dissociation of y-L-glutamyl-L-cysteinylgly­
cine can be represented as 

+ K1 + K 8 
HS- NHa-COOH~HS- NH 1 -COO-~ 

Ka us- NH.-coo-~-s-NH.-coo-
These forms can react with Ni11 stepwise as presented 
in Scheme I. 

• Hl> NH 3 CI)OH 

JL 

Schemel 

The interaction of Nill with y-L-glutamyl·L-cyste­
inylglycine follows the overall differential equation. 
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Rate= -d/dt [Nill] 
=- d/dt [Y-L-glutamyl-L-cysteinylglycine] (I) 
=kobo [NiliJ f y-L-glutamyl-L-cysteinylglycine] 
= k' oba [y·L-glutamyl-L.-cysteinylglycine] (2) 

where k'oba=koba [Niii] (3) 

Rate can also be written as 
+ 

Rate= k' obi t[HS- NH 8 - COOH] + 
+ 

[HS- NH8 - COO-] +[HS- NH1- COO-]+ 
+ [-s- NHs- coo-n ( 4) 

+ + 
where [HS- NH8 - COOH], [HS- NH8- coo-], 
[HS-NH1-COO-] and [-S-NH 51 -COO-] are 
triprotonated, diprotonated, monoprotonated and 
deprotonated forms of the i'-L-glutamyl-L-cysteinyl­
glycine respectively. 

Rate from Scheme 1 can be given as 
Rate=k85[HS-NH2 -COONi] (5) 

Using the steady state approximation for the inter­
+ 

mediates [HS-NH8 -COONi],[HS- NH 1 -C00Ni] 
and [-S-NH 51 -COONi], 

+ + 
d/ dt[HS- NH8 - COONi] = k11 [HS- NH8 - COO-] 

+ 
[NI11j-k111[HS- NHa -COONi]+ku 1 [HS-

+ 
NH.- COONi]- ku[HS- NH8- COON•][H"'']=O 

d/dt[HS- NH1- COONi]=ku[HSNH 51 -COO-] 
[Ntii]-ku[HS- NH 51 -C00Ni]+k118[HS-
+ 
NH 8 - COONi]+k• s[-S- NH11 - COONi] 
-k8 8 [HS- NH 51 -C00Ni] -ks 11 [HS- NHs-

(6) 

COONi]-k81[HS-NH11-COONi]=O (7) 

d/dt[-S-NH1-COONJ]=ku[-S -NH. -coo-] 
[Niii]-kov[-S-NH11 -COONi]+k80[HS­
NH1- COONi][H+]- ka s[-s-NHs- COONi] =0 

{8) 

From the scheme it can be written that 

[HS- NH. -COONt]=kk811 [H+][HS-NH.-COONi] 
liB 

{9) 

[-s-NH1 -COONi]=kkaa[H+][HS-NH1 - COONi] 
88 

(10) 

Adding equations (6), (7) and (8) and substituting 
' + 

the values of [HS- NH 8 - COONi] and [-S- NHs-
COONi] from equations (9) and (10) and on 
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rearrangement we get, 
[HS-NH 2 -C00Ni]= 

kuk8 8ku[HS-NH8-COO-][Ni11] 

k 91k8 9 kea[H+]+k!lsk84k8S 
+kuk48k88[HS- NHII- coo-][Ni11] 

+ksskukes 
+k18k88k.,.[-s- NH~~-coo-][Niu] 

+k1 8ksakn (11) 

From the dissociation of y-L-glutamyl-L-cystelnyt-
+ 

glycine, the concentration of [HS- NH8- COO-], 
[HS-NH1-COO-]and [-S-NI;;J 9 -COO-] can be 
written as 

+ 

[HS NH -coo-] K1[HS-NH 8 -COOH] (l2) 
- 8 ""' [H+] 

+ 
[Hs NH -COO-]-K1K51 [HS-NH1 -COOH] 

- s - [H+]I 

(13) 
+ 

[-s NH coo-]-K1 Kt.!_9 [HS-NHs-COOH] 
- ,- -- [H+]8 

(14) 

Substituting the value of equations (12), (13) and 
(14) into equation (11) and on rearrangement, the 
rate equation (5) becomes, 

Rate= k 8 sk11kll8ks 11K1~H+)I 
kukuke 8LH ] 

+kssk8akuka8KtKs[H+] 
+kukaslku+ksa) 

+ 'IIj +kukuka sk.,eKtKa~s [HS- NH8 - COOH][Nt 
+kukuku · [H+)S 

+ 
Substituting [HS- NH8- COO-], [HS- NH1-
coo-] and [-S- NH 1 - COO-] from equations 
(12), (13) and (14) respectively in equation (4) we 
obtain, 
Rate ==koba{[H+] 8 + K1 [H+]• +K1Ks[H+]+ KtKsKaf 

+ 
[HS- NH8 - COOH][Ni11] 

X (fl+)B (16) 

Comparing equations (15), (16), assuming that kss"> 
ka, and at high pH's, 

k111k8 1 kea[H+] < kukll8(k8..,+kaa) and 
kuk8aku < kukaa(ku +k811), 

we get kob•{I+K8/[H+]}=k,8+k78 K8 /[H+] (17) 

Plot of kob•{l+Ks/[H+]} vs [H+]-1 was found to be 
linear, and the values of ku, ku were evaluated 
from intercept and slope respectively of this plot 
(Table 2). the value of K8 was taken from litera­
tures. At the temperature of our investigation, the 
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corrected values of K'! were evaluated using the 
thermodynamic relation, 

p.K'"• = b..H(T9 - T1 )/4.6 T1 T51 +pKT• {18) 

The values of activation parameters are also repor­
ted in Table 2. The values of activation para­
meters corresponding to specific rate constants (k48 

and k., 8 ) were obtained from the linear plots of log 
k/Tvs 1/T and these values are reported in Table 2. 

TABJ'.B 1-BJCCOND 0RDltR RA'l'B OoNS'l'AN'J.'S (kobo) FOR THK 
00JIIIPLBXATION OY Nill WITH 'Y-L-GLU'l'AliiiYL·L•CYS'l'ltiN· 

YLGJ.YCINK A'l' DIFFKRJCN'l' pH's AND TitMP.KRA'l'URKS 

1=0.15 M(KN01 ), [NIII]=O 012 M, 
['Y·r.-Gluta.myl-r.-cysteinylglyclne ]-1.26 x to-• M 
pH kobs [H+j• X 1o-• 

6.83 
6.45 
6.67 
6.82 
7.18 

6.23 
6.86 
6.68 
6.'19 
7.07 

6.20 
6.85 
6 54 
6 79 
7.09 

61'7 
6,81 
6 50 
669 
7.01! 

Temp.-25" 

36.0±0.2 
41.2±0.1 
81!.5±0.8 
180±1 
270±2 

Temp.-30" 

481±0.1! 
57.7±0.1 
1111±1 
144±1 
2611±2 

Temp.=85" 

641±06 
82.5±0.5 
144±1 
180±2 
885±1 

Temp.-40" 

'72.1±0.2 
1111±0.6 
180±0.8 
240±1 
480±2 

2.13 
218 
4.6'1 
6.60 

15.1 

1.69 
2.29 
4.26 
6.01! 

117 

1.58 
ll.'l8 
8.46 
5.8'1 

12.8 

14'1 
ll 04 
'116 
4 89 

10.4 

TABJ'.lt Iii-VALUES OF k,.., 7£, 8 AND 'k 0 FOR 'l'Hlt 
00'MPJ.ltXA'l'ION OY Nlll WITH 'Y-r.-Gr.U'l'AliiiYI.• 

r.·CYS'l'ltiNYLOX. YCINB 

Temp, k ... k .. ko 
·a M-• s-• x1o-.. x1o-• 

M-• a-• a-• 
Iilli 0 1.88±002 6.71 
so 10±05 1.89±0.04 7.01! 
35 17±0.1 1 46±0 04 '1.8'1 
40 80±0.1 1 50±0.06 '1.5'1 

~B""(kJmol-•) 85.8±1 8 57±0.03 
~S#(JK-1 mol-1 ) 24.7±2 -18!l±4 

Calculation of water exchange rate constant {k0 ) : 

The rate of substitution on metal ion is controlled 
by the rate of water-exchange, and rate-determining 
step is the loss of water molecule from inner coordi­
nation sphere 8 , 

Ko• k 
M>++Ln-~ M>+v•- o -~>-Mtcs-al++H 0 

aq BQ fast BQ SlOW ll 

(19) 

The rate law in terms of outer sphere complex 
formation constant (Kos) and the rate constant of 
water loss (k.) can be written as 

Rate=d/dt [NiiiL]=K •• k.[Ni'I][L] (20) 

Diprotonated, monoprotonated and deprotonated 
forms of the ligand can be considered to react with 
Niii in the following ways : 

HS-NH8 -COO-+Ni•+ ku-'> 
+ 

HS-NH8 -COONi (21) 

HS-NH 51 -COO-+Nill+ _!u-'> 
HS-NH1 -COONi (22) 

-S-NH9 -COO-+Nill+ k.,"'-+ 

-s-NH9 -COONi (28) 

Using these three equations, the rate can be written 
as 

+ 
Rate= k1 s [HS- NH 8 - COO-][N i11] 

+ku[HS- NH1 -COO-][Ni11] 

+k'IB[-s- NH~- coo-][NiiiJ (24) 
!n equation (24), k19 appears with K1 [H+]• which 
ts. very small, so first term from equation (24) will 
dtsappear. As can be seen from Table 2 that ku< 
k.,a. therefore equaticn (24) reduces to 

Rate=k'IB[-S-NH 1 -COo-][NP1] (25) 
On comparing equations (20) and (25) we get, 

k., 6 =K •• ko 
[-S-NH 9 -COO-] being the only reactive form 
can be taken as the concentration of ligand L In 
order to calculate the value of ko, we must know 
the value of Koao The value of K.. was calculated 
using the equation which was given by Fuoss' on 
statistical grounds, 

Koa=47rNa8 • e-u/KbT/3000 

u""' z1zseo 1 faD- Z1z9eoBxf D(l +xa) 

where x 1 = 8TTN. C0 1 14/1000 DKT 
where a is distance of closest approach of ions and 
other symbols have their usual significance. If the 
value of a is taken as SA then the value of Ko• can 
be approximated to 1.98 mol dm-s at all tempera­
tures. The values of ko are reported in Table 2. 
The high values of A.H" corresponding to k, 8 

further confirm that the monoprotonated form of 
y- L- glutamyl- L- cysteinylglycine is non-reactive, 
whereas low value of b,H* corresponding to k., 8 

supports the high reactivity of deprotonated form 
of 'l'-L-glutamyl-L-cysteinylglycine. The negative 
value of entropy corresponding to k., 8 can be 
attributed to the fact that the transition state for 
this complex is highly charged and clearly shows 
that the reaction is between two oppositely charged 
ions. 
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