
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

2D Exsy Studies of γ-Picoline Binding to Cytochrome C
Dejiana; Jun Lua; Jun Hua; Wenxia Tanga

a State Key Lab. of Coordination Chemistry, Coordination Chemistry Institute, Nanjing University,
Nanjing, P.R. China

To cite this Article Dejian, Lu, Jun , Hu, Jun and Tang, Wenxia(1998) '2D Exsy Studies of γ-Picoline Binding to
Cytochrome C', Spectroscopy Letters, 31: 4, 727 — 736
To link to this Article: DOI: 10.1080/00387019808007394
URL: http://dx.doi.org/10.1080/00387019808007394

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387019808007394
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 31(4), 727-736 (1998) 

2D EXSY S-IES OF y-PICOLINE BINDINQ TO CYTOCHROME C 
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Coordination Chemistry Institute, Nanjing University, 

Nanjing 210093, P.R. China 

ABSTRACT 
The binding of 7-picolineto horse heart ferricytochrome c(cyt c) 

by displacing methionine-80 has been studied using two dimensional 
exchange spectroscopy (EXSY) method. Some hyperfine shifted 
resonances arising from heme peripheral protons in the y-picoline 
complex of cyt c(y-MePyecyt c) have been assigned. The rate and 
equilibrium constants of y-picoline binding to cyt c have been 
measured and the thermodynamic values of A H O ,  a so  and the activation 
energy E, for the forward reaction have been obtained. The patterns 
of the hyperfine shifts of y-MePyocyt c have been illustrated and 
the reason for the low affinity of y-picoline to cyt c has been 
discussed. 

INTRODUCTION 
The biological function of cytochrome c(cyt c) is intimately 

linked with the heme electronic structure in the protein'-'. In the 
native protein molecule, the low-spin Fe(II1) lies in the plane of 
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728 M A  ET AL. 

the porphyrin ring with the imidazole group of His18 and the sulfur 
atom of MetaO as two axial ligands. It has been shown by optical and 
NMR methods that Met80 dissociates more easily and can be displaced 
by intrinsic or extrinsic ligands when pH>9 or when extrinsic 
ligands are added'-''. The ligation of cyt c by cyanide(CN-), 
imidazole(1m) and pyridine(Py) ham been the subject of many NMR 
st~dies'*~-'~. However, NMR studies about the ligation of cyt c by 
y-picoline have scarcely been reported'. 

In this paper, two-dimensional exchange spectroscopy (2D EXSY) 
method has been used to study the kinetics and thermodynamics of 
y-picoline binding to cyt c and to assign some hyperfine-shifted 
resonances in y-picoline complex of cyt c(y-MePy.cyt c). The 
patterns of the hyperfine shifts of y-MePy'cyt c have been 
interpreted based on the heme electronic structural change. The 
thermodynamic values of AH' , aS0  and the activation energy E, for the 
forward reaction have been obtained and elucidated in structural 
terms. 

EXPERIMENTAL SECTION 
Horse heart cytochrome c(V1) from Sigma Chemical Co. was purified 

as previously described". After purification, it was dissolved in D20 

and incubated at 50°C for 5 hours in order to exchange all the 
labile protons, then lyophilized. 7-Picoline was chemically pure and 
was redistilled before used. Its purity was checked by 'H NMR 

spectrum. The NMR sample consisted of 6mM cyt c and 0.42M 
y-picoline(y-MePy), which was prepared in 0,O and adjusted to pH5.7 
by adding small amounts of DCl or NaOD. The pH readings were 
uncorrected for the isotope effect. 

'H NMR data were recorded on a Bruker AM 500 spectrometer equipped 
with an Aspect 3000 computer eyetem and were processed using UXNMR 
software of Bruker spectrometer. One-dimensional spectra were 
obtained using 16K data points over a sweep width of 35.7kHz. 
Two-dimentional EXSY spectra were carried out using the 
phase-sensitive nuclear Overhauser effect spectroscopy(N0ESY) pulse 
sequence" over a 35.7kHz bandwidth. Mixing time(?,) of 25ms was 
used. All two-dimensional spectra were collected with 
2048(t,)x512(tI) data points and 160 scans for each tl increment. 
After zero-filling, resulting in equal digital resolution in both 
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1-PICOLINE BINDING 729 

dimentione, the time-domain matrix was multiplied in both dimensions 
with a shifted sine bell function. The carrier was centered on the 
residual water peak which was suppressed by presaturation during the 
relaxation delay in both one- and two-dimentional experiments. 
Chemical shift values for all the resonances are referenced to 
internal 1,4-dioxane at 3.143 ppm. 

Kinetic and equilibrium data for the binding of y-picoline to cyt 
c were determined at a temperature range of 293-303.5K. The integral 
values of the two dimentional peaks were obtained by direct reading 
from the spectra using a square frame, and then normalized according 
to Cr,=l. The same frame was used to estimate the average noise 

integral value in order to remove the noise effects from the 
quantitative two dimentional integration and the Iij data were 
corrected before normalization. The thermal equilibrium values of 
the magnetization were obtained from integration of the 
one-dimentional spectra and were also normalized”. 

RESULTS AND DISCUSSION 
1. Some Hyperfine Shifted Resonance Assignments 

2D EXSY method can be used to make unambiguous assignment for 
y-MePy-cyt c in conjunction with the known assignments for native 
cyt ct4-I6. In the’downfield and upfield regions of the EXSY spectrum, 

some resonances of cyt c and y-MePyScyt c are well resolved due to 
the large scalar interaction. 

TheEXSY spectrum features several peaks in the hyperfine-shifted 
region due to the effects of the paramagnetic ferric ion(Fig.la). 
Four signals at 28.60ppm, 20.50ppm, 16.51ppm, 11.47ppm show 
connectivities with signals at 34.98ppml 32.63ppmI 9.83ppm, 6.88ppm 
respectively. The chemical shifts of the latter four signals suggest 
that they belong to 8-CH,,3-CH3,5-CH3,1-CH, of cyt c~~-I’, so the 
observation of the above cross peaks unequivocally identifies 
signals at 28.60ppm, 20.50ppm, 16.51ppmI 11.47ppm as the heme methyl 
groups of y-MePy-cyt c, 8-CH,, 3-CH3, 5-CH,, 1-CH, respectively. In 
the upfield region of EXSY spectrum (Fig.lb),the signal at -24.07ppm 
was assigned to Met80cH, of cyt cIJ-16. It shows correlation with the 
resonance at 1.82ppm, which is identified as Met80aH, of y-MePy-cyt 
c. In Fig.la, the cross-peaks(14.3lppm, 14.90ppm) is due to the 
chemical exchange of Hisl8flH between cyt c and y-MePyOcyt c. As the 
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FIG.l. 2D EXSY spectrum of the mixture containing comparable amounts 
of cyt c and y-MePy-cyt c (C,,=6mM, C,-,,,=0.42M) at 298K and pH5.7 
with mixing time 25ms. Chemical shifts in (a) and (c) are read in F, 
dimension while those in (b) are read in F, dimension. N indicates 
cyt c, B indicates y-MePy-cyt c. (a)downfield region; (b)upfield 
region; (c)a region with Thioether-2 and Leu686,H, indicated. 

signal at 1 4 . 3 1 ~ ~  is assigned to Hisl8PH of cyt c " - ' ~ ,  the signal at 

14.90 is assigned to Hisl8PH of y-MePy-cyt c. The resonance of 
propionic acid-7 aH (Pro-7aH) of cyt c occurs at 18.79ppm". In 

Fig.la, it shows a exchange CrOEE-peak at 6.2lppm, which can be 
assigned to Pro-7aH of y-MePy-cyt c. In Fig.lc, two signals at 
-0.66ppm and -2.Olppm correspond to the signals at -2.37ppm and 
-2.61ppmr reepectively. The latter two signals belong to the 
resonances of Thioether-2 methyl protons (Te-2) and Leu686,H, protons 

in cyt c''-16, so the signals at -0.66ppm and -2.Olppm are assigned 

to the corresponding resonances in y-MePy-cyt c. The results of the 
assignment are listed in Table 1. 
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?I-PICOLINE BINDING 73 1 

TABLE 1 
Hyperfine Shifted Resonance Assignments of y-MePy-cyt c at 298K and 
pH5.7 

Chemical shifts' 
Assignment y-MePy-cyt c cyt c 
B-CH, 28.60 34.98 

5 -CH, 16.51 9.83 

3 -CH3 20.50 32.63 

1 -CHI 11.47 6.88 
Pro - 7a 6.21 18.79 
Te-2 -0.66 -2.37 
Hi s l80H 14.90 14.31 
Met 80 c HI 1.82 -24.07 
Leu68 6,H, -2.01 -2.61 
a Shifts of cyt c are also shown for comparison. 

The data indicate that MetBOrH, gives rise to a random coil 'H 
chemical shift, which reflects that the Fe-S bond between heme iron 
and sulfur of Met80 is broken" and the MetEiOcH, group has moved into 
a position where the paramagnetic contribution to their resonances 
from heme iron is absent. It was thought that the electronic heme 
structure in ferricytochrorne c was largely influenced by the mode of 
attachment of the axial methionine". In ferricytochrome c, a 
lone-pair orbital of sulfur atom of Met-80 is directed towards 
pyrrole ring IV as previously noted". The effect of the lone-pair 
interaction with the dn orbital is that the large spin densities are 
localized on the porphyrin ring carbon atoms 3 and 8, whereae much 
smaller spin densities are on the ring carbons 1 and 5". In 
y-MePy-cyt c, there is no such effect and the spin density 
distribution changes a great deal due to the substitution of Met80 
by y-picoline, which is confirmed by the resonance assignments in 
Table 1. In y--MePy.cyt c, the shift sequence for the resonances of 
the four heme methyl group8 does not change compared with in cyt c. 
However, the resonances of heme 8-CH,,3-CH3 move towards upf ield 
while 5-CH1,1-CH, move towards downfield compared with those of cyt 
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732 MA ET AL. 

c. The shift spread of the four heme methyl groups in y-MePy-cyt c 
is 17.13ppm, which is much narrowed compared with that of 28.lOppm 
in cyt c. These changes imply that the electron density distribution 
in the heme plane has been altered after methionine was displaced by 
y-picoline as the axial ligand coordinated to the heme iron and 
reflect that the asymmetric distribution of unpaired electron spin 
density in y-MePy-cyt c is not so high as in cyt c. 

2. Affinity of y-Picolins to Cyt c 
The ligation of y-picoline to cyt c can be represented by the 

chemical equation as follows: 

k ,  

k-l  
cyt c + y-MePy * y-MePycyt c 

The magnetization exchange between the species is a first-order rate 
process: 

kAB 

k B A  

Mcyt c # My+ePycyt c 

For a system involving chemical exchange between N sites, it has 
been shown that peak amplitude in two-dimentional EXSY spectrum is 
related to the exchange rate constants, the relaxation rate and the 
mixing time 7, by the e~pression(3)’~-”: 

A = exp( - R r m )  ( 3 )  
where A is the amplitude matrix whose elements are defined by 
equation (4) : 

and R is the 
determined. 

dynamic matrix which contains the parameters to be 
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7-PICOLINE BINDING 733 

From the solution of Eq. (5) , we can calculate the magnetization 
exchange rate constants". The substitution reaction rate constants 
k l ,  k-, and the equilibrium constant K are calculated from the 
following equations: 

k-, = kBA 

K = Kd,(l+-  

where K,m is the apparent equilibrium constant of the reaction, and 
ka is the dissociation constant of 7-picoline. 

In our experiments, based on the heme 8-CH, groups, we obtained 
the following amplitude data from the 2D EXSY spectrum recorded at 
300K: 

1 0.675 0.276 
0.363 0.695 

A = [  

from which the kinetics matrix is calculated to be as follows: 

1 20.6 -17.4 
-23.0 19.3 

R = [  

the substitution reaction rate constants and the equilibrium 
constant are calculated to be 

k, = 54.7~-%-~, k - , =  17.4s-' 
KW = k , / k - , =  3.14M-', R = 9.70M-' 

The rate constants for the forward and reverse reactions and the 
equilibrium constants at different temperatures are obtained in a 
similar way and are given i n  Table 2. 
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734 M A  ET AL. 

TABLE 2 

Rate and Equilibrium Constants of y-Picoline Binding to Cyt c at 
Different Temperatures 
T(K) k' k-I %v K 
293 13.0 15.6 0.828 2.56 
296.5 24.9 16.4 1.52 4.68 
300 54.7 17.4 3.14 9.70 
303.5 143 18.0 7.93 24.5 

The thermodynamic values AH', AS' and the energy of activation for 
y-picoline binding to cyt c were obtained according to the Van't 
Hoff and Arrhenius' equations by least-square fitting as shown in 
Fig.2. 

Ea Ink, = -- + 1- RT 

AHO = 158 kJ-mol-' R = -0.994 

A S O  = 548 J-rnol-'*K-' 
E, = 169 kJ*mol-I R = -0.995 

The thermodynamic values suggest that the reaction of y-picoline 
binding to cyt c at pH5.7 is driven by a favorable entropy change2'. 
The affinity of y-picoline to cyt c is not strong. This can be 
rationalized i n  structural terms',''. Cyt c was thought to provide a 
hydrophobic environment for the heme. Hydrophobic environment is 
equivalent to a medium of lower dielectric constant, which results 
in a negative A H O  value. On the other hand, y-picoline is a bulky 
ligand and is sterically hindered from entering the heme pocket. The 
steric effect upon ligation which almost certainly includes 
side-chain movement of some residues will contribute to a positive 
AH'. These factors interplay, and the AHO measured reflects their 
net effect in protein. In y-MePy-cyt c, the steric interaction is 
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FIG.2. V a r i a t i o n s  of  I n  K ( a )  and I n  k, ( b )  of y - p i c o l i n s  b indinq  t o  
c y t  c wtth  temperatures(pI1-5.7). 

more s i g n i f i c a n t ,  which i s  evidenced by t h e  p o s i t i v e  A H O  i n  o u r  

r e s u l t .  
- 

The p o s i t i v e  AS' f o r  y - p i c o l i n e  b inding  t o  c y t  c may a l s o  b e  
examined i n  s t r u c t u r a l  terms'-'B2'. S t r u c t u r a l  changes due t o  t h e  

l i g a t i o n  of  y - p i c o l i n e  f o r  c y t  c is i n e v i t a b l e ,  which i n v o l v e s  t h e  

displacement  of Met80 by y - p i c o l i n e  b inding  t o  heme i r o n .  The h e a t  
l i b e r a t e d  by t h e  formation of Fe-N(y-picol ine)  bond is compensated 
by t h e  h e a t  r e q u i r e d  t o  break  Fe-S(Met80) bond and by t h e  s t r u c t u r a l  
changes o c c u r r i n g  overwhelmingly on t h e  methionine-80 s i d e  of  t h e  
heme. I t  is sugges ted  t h a t  t h e  less ordered  s t r u c t u r e  due t o  
t e r t i a r y  S t r u c t u r a l  changes accompanying l i g a t i o n  may c o n t r i b u t e  t o  
t h e  p o s i t i v e  AS'. The a c t i v a t i o n  energy E, r e f l e c t s  t h e  energy 

b a r r i e r  f o r  t h e  b inding  process2'. A l a r g e  E, f o r  t h e  forward r e a c t i o n  

is expected,  s i n c e  y - p i c o l i n e  i s  a bulky l i g a n d  and it is not  e a s y  
f o r  y - p i c o l i n e  b inding  t o  heme i r o n  of c y t  c by breaking  t h e  Fe-S 
bond and d i s p l a c i n g  Met80. 
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