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' ,ABSTRACT -

¢

. ) _ ,
Thermal Dissociation of Carbpn Monoxide from Heme Peroxidases.

: -
Mariam Monshipouri

2

Thermal dissociation rates of the carbon ~rfnonoxide (CO) adduct of
. ferrocytochrome c perokidase iCCPECO) were measured in 0,01 M phosphate
buffer, pH 7.0 at 18 + 0.5°C. The dissociation rate was measured by

. trapping the reduced enzyme with NO or H:02, to liberate the NO adduct

~

of ferrocytochrome ‘e perpxidase and ferrylcytochrome c¢ peroxidase
" ' Y

(Fé"), respectivel\y. Thermal dissociation rates ,of the CO adduct of

\ferrohorseradiéﬁ peroxidase were also measured, using NO as a trap.
, At 1 atm CO, the CCP:CO dissociation process was biphasic with rates
constants of, 3.5 + 0.4 x 10-® s-! and 7.8-+ 1.0 x 10-2 51, - At 0.1 atm

CO, only the slow rate was observed with k = 2.9 + 0.6 x 10-3 %, The

thermal dissociation rate of CCP:CO at pH 8.0 .was also monophasic and

k = 3.7+ 0.3 x 10-3 s"‘. These findings are compatible with resonance
- ! A

. Raman and infrared data which reported alternative CO binding modes to

" ferrocytochrome ¢ peroxidase (Smulevich et al., Biochemistry, 1986, 25,
4426). ' Fresh CCP:CO dissociation .in 0.1M phosphate buffer pH=8 wag -3
fold h"igl'mer than that for moderately aged CCP:CO. This contrasts with

- inhibition of - acidic-alkaline transition of Fresh CCP:CO in 0.IM

13

phosphate buffer, reportéd by tHe latter researchers.

At 1 atm 'CO, the réactior;“ of horse heart ferricytbchrome ¢ with

CCP:CO was biphasic with k's = 1.3'+ 0.5 x 102 5! and 2.0 + 0.2 x

.10"5 s, At 0.1 atm TCO, the reaction was monophasic with =« rate =

P

constant of 15, + 0.4 x 10 st  <The reaction of yeast ferri--
. : \
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cytochrome o with CCP:CO was also biphasic at 1 atm CO, with

k's = 3.0 + 0.8 x 10~ &~ and 3.0 + 0.7 x 10 g%, At 0.1 atm CO,.the

reaction was ménophasic with & rate constant of 1.0 + 0.1 x 102 g1
i B

.- . The activation gargmeters (AH* = 6.4 .Kecal mol-1l, AS* = -
« [y ~ q

- the reactio.r‘lg of horse heart cytochrome c¢ with 'CCP:CQ indicate that .

.cytochrome ¢ may directly oxidize CCP:C0. Since the prot'gins form an
electrostatically-stablized complex at low ionic strerigth,’ we assume

that electron transfei occu}-s Jwithin.the C:CCP:Cp complex.

)
o . [
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> ABBREVIATIONS:

'CCP =
HRP =
L4
CCP:CO  =-
, -
CCP:NO =
- HRP: CO =
° ki
HRE:NO 2. »
] Mb =
o _
. ccptv =
1 kx Q=
kll -
C gix = A
N I =
AAt
‘Xi A -
AAt ,
AAr =

* 'myoglobin

cytochrome c peroxidase
horseradish peroxidase ‘ ,
’

carbon monoxide. adduct of ferrocytochrome . ¢
&

peroxidase = .
nitric oxide adduct of ferrocytochrome c peroxidase

carbon _monoxide  adduct of ferrohorseradish "

. ' -
peroxidase ' .

nitric oxide adduct of ferrohorseradish peroxidase

<

hemoglobin

. ;
ferrylcytochrome c pergxidase.

-

siyw dissociation rate constant for CCP:CO and HRP: CO
N : a

'a!: pH 7.0

- fast disspciation. rate|consf:ant _E;r CCP:CO and HRPITO
at pH 7.0 - - .
dis.s.ociation r;te contant for CCP:CO at alkaline pH
absorbance change"due to siow portion of CCP:CO and

HRP:CO thermal dissociation, at any given time. ~ ’

absorbance change due to fast portion of CCP:CO and -

-

HRP: CO thermal dissociation, at any given time.

total absorbance change for CCP:CO and ;CO

~

dissociation, at any given time.

~




N * v ]
v " W
. . f | ty
* - v L ad
. . 9 vii,
J .
( . ! ’ T . ’
) ‘ .
- e » » s N
3z . . ]
AA_ = maximum absorbance change due to slow portAon of
. e -~ hd ,
€CP:CO0 and HRP:CO dissociation.
Io(Rel) = . relative intensity of incident beam.
3 = cytochrome “c C .
[ '
o _ . ]
) 8
- L]
Y t i . L
v ot
“~ , -
- -
— [¥)
f ‘ : -
| ' _. .
" L4
.. ; . .
; , R S
' L .
¢ -
i 3 Ny i
_"- N ‘ *
[ ] ! f [ % ]
|
] o,
! | 4
3 | - | '



o PV sk kTt BRSO T
B IRRE ET
o t g -

» . F j’
¢ - ' .
- I
" . & : }; A
- ) ! .k\)' ‘I )
T TABLE OF CONTENTS '
¥ . .
.f
¥ g | !
ABSTRACT |
ACKNOWLEDGEMENTS -
' >
ABBREVIATIONS
TABLE OF CONTENTS - ,
LIST OF FIGURES
LIST OR TABLES : o )‘

1. Introduction
/fh‘ S SR

2.

~

3.

2.2" Methodology -

Materials and Metﬁpds

2.1, Materials:

-

2.3 Data Analysis

2.4 Investigation of Photo-Assisted Dissociation

4

Thermal Dissociation of CO-Peroxidase Using NO and
H202 as Trapping Agents .

3.1 Introduction’

o Using NO as a Trap.. "

”

3.2.2 Thermal Dissociation of CCP:C0O Using
e ' H0z as a Trap.
3.2.3 Thermal Dissociation of HRP:CO at pH 7.0,
Using NO as a Trap.

3.2.4 Themal Dissociation of CCP:CO at pH 8.0
Using NO as a Trap. .

i

»3.2 Regults
3.2.1 Thermal Dissociation of CCP: CO at pH 7. 0./

PAGE

iii

.11

14

‘18

19

26

" 30.

+.30

T
o heed T




"'3.3

¥

3.2.5 Effect pf Phodphate; /Concentratlon Upon

Discussion . '

3.3.1

Fresh CCP:CO Dlssécxatlon Rate Constant
at pH 8.0, Using /NO as a Trap.

/ .
/ . R \1\

/

/

Thermal Dlssociatlon ‘of CCP:CO .and
HRP:CO at pH 7.0,

3.3.2 Therma} Dissociation of CCP:CO at

pH 8.0, Using NO as a Trap.

3.3.3  Effect of /f’hosphate Concentration on

Thermal Dissociation of Fresh CCP:CO.

/

.8

4. Reactions of {CCP:CO with Ferricytochrome c¢'s from
Yeast and Horse Hearts

4,1 Introduction

4,2 Results

4.3

4 2.1.1 Reaction of Horse Heart Ferrlcytochrome

C- with CCP:CQO at 1 atm CO.
’ ¢

.4.2,1.2 Témperature Dependence of the Reaction

x:> /
4.2.2

v

Rate of Horse Heart Ferricytochrome‘c
with CCP:CO. - -

Reaction of Yeast Fermcytochrome ¢ with
CCP CO at 1 atm CO.

4.2.3 Reaction of Horse Heart and Yeast
Fer ytqchrome ¢'s with CCP:CO at 0.1
atm CN.

4.2.4 ' Thermal Disgociation of CCP:CO in the
Presence  of Yeast and Horse Heart Ferro-
cy¥tochrome c¢’s Using-NO as a Trap.

Discussion -

! -
'4,3.1 Reactions of Horse Heart and Yeast =
Ferricytochrome c’s w1t.h CCP:CO, at.

‘ 1 atm CO.

.4.3.2 Reactions of Ferricytochrome c’s with

CCP:GO at 0.1 atm CO.
- \" \-)

PAGE

36

40
" 43

43

45

46

4 53‘

58

58

68

69




A
b
Le

Sy

%
s

Iy N
- h ¢
-— * h "
4.3.3 Thermal Dissociation of CCP:CO in the
Presence of Reduced Yeast and Horse
Heart Cytochrome c¢’s Using NO as a Trap.
Conclusions -
Suggestions for further experiments.. '
N R N - °
References. ’ :
0 - *
) .
& —
. A \
.~ v :
. 3
' ]
& 1
° T 1S
\ v »

73

- 75

-+




] Figure

2.1

2.2

[ g]
w

3.1

3.2,

3.4,

3.5

3.6

3.7

- 3.8

LIST QF FIGURES - ;

Title ° u,‘ ‘ _ Page )

Semi-log plot of the data in Figure 3.2 . °
for CCP:CO thermal dissociation ’ _ 13

The percentage slow phase (% AA!) of 3 uM et
CC({‘:CO thermal dissociation versus Io (Rel) at

1 and at 0.1 gt.m €O, im 0.0]1 M phosphate |,

buffer pH 7.0, at18+050 ¢ "16
The percentage slow phase AAL of 3 uM HRP:CO
thermal dissociation versus Io(Rel) at 1 atm
CO and 0.1 atm CC in 0.01 M phosphate buffer .
pH 7.0, at18+050 - 17 !

Y

‘ﬁoret absorptlon spectra of 2.5 uM CCP:CO apd ' . i

CCP:NO in 0.01 M phospiﬂate buffer pH 7 0 4t
room temperature. L " 20 4

Absorbance changes~(AAt ). at 424 nm due to

~

3 uM CCP:CO dissociation versus time in 0.01 M
phosphate buffer pH 7.0, at 18 + 0.5°C, using -,
NO as ‘a trap, under 1 atm CO. , 21 . :

Sem1 log plot of the data in Figure 3.2 for
CCP CO thermal dlssocmtlon, ‘ - 22

Sem1 log plot of the data ‘in Flgure 3.2 for' .
CCP:C0 dissociation over the first 28 s, which
corresponds to 3 half_lives for the fast phage
(k1! = 7.8 x 10-2s-1, Table III) .23

Absorbance changes at 424 nm due to 3 uM CCP: CO Yo
‘dissociation versus time, in 0.01 M phosphate -
buffer pH 7.0, using H202 as a éj:rappmg agent
under 1 atm CO,

Absorbance changes at 424 nm due to 3 uM HRP:CO . -
dissociation versus time, in 0.0l M phosphate : . -
buffer pH 7.0 at 18 + 0.5°C, using NO as a : RPN ‘
trapping agent, iinder 1 atm CO. . . 31

Semi-log plot of the data in Figure 3.6 for . S
HRP:CO dissocifition. ' 32 T

? o b . . LY »
Semi-log plot of the data in F1gure 3.6 for - S
HRP:CO dissociation over the first 32 s which v
corresponds to ~ 3 half lives for the fast ° .. N L
phase (k!! # 7.2 x 10-2, Table . . .+ 33 . .

1
1]
- T
-t TR R S <



3.11

4.1

4.3

4.4

4.5'“’ .

“sSemi-log plot

"' constants for the slow phase of horse heart

xii.

Title . . Page

Soret absorption spectra of 2.5 M CCP:CO .

at different pH’s in 0.01 M phdsphate buffer at g
room temperature. The pH was adjusted by g
adding 0.2 N MiOH to the cuvette. ‘ . 34
Absorbance change at 424 nm due to 3 uM CCP:CQ
thermal dissociation versus time. The reaction

was carried out in 0.01'M phosphate buffer,

pH 8.0, at 18 + 0.5°C, using NO as a trapping

. agent. Tpe €0 and NO pressures were both - .
1 atm. . T . 35 :

v

Absorbance changes at 424 nm due to 2.5uM fresh o\

. CCP:CO dissociation versus time, in 0.01 M
‘phosphate buffer pH 8.0, at 18 + 0.5°C, using .

NO as trapping agent, under 1 atm CO. "Fresh"

. CCP:CO is defined ig_Section 3.2.5. 38

Soret- absorption spectra of 2.5 uM CCPI1!

and 2.5 uM CCP:CO in 0:01 M phosphate buffer,

pH 7.0, 'at room temperature (Traces 1-4 were

obtalned after 2,4,6 and 8 s exposure of cepr

samples to uv light, respectlvely in order to

form CCP:CO. The absorption of CCP:CO

remained constant after 8 s and resembles <
trace 4). ) 48

Absorbance changes at 414 nm due to the
reaction of ‘2.5 uM CCP:CO with ferricytochrome c

- in 0.01M phosphate buffer, pH 7.0, under 1 atm_

co. | 49
Semi- loé plot of the data in Figure 4.2 for thé, '
‘reaction of horse heart ferricytochrome c and ' RN

CCp:CO. 50 '

the data in Figure 4,2 foy' \\
the reaction of horse heart ferricytochrome c
and GCP:CO  over the first 3Q s. This

.corregponds to ~ 0.9 half lives of the fast
phase (Kk'! = 2.0 x 10-2s-1, Table VII). . 51 v

- Temperature dependence of the observed rate

ferr1cytochrome ¢ and CCP:C0 reaction in

‘0 0 M phosphate buffer pH 7.0, under 1 atm CO. 56



. . A xiii.
Figure ‘Title ‘ Fage

4.6 Absorbance changes at 414 nm due to the - ’
‘ reaction of yeast ferricytochrome ¢ with
. CCP:CO in 0.01 M phosphate buffer pH 7.0, at
18 + 0.5°C, under 1 atm CO. 59
4.7 Semi-log plot of the dota in Figure 4.6 for the
* reaction of yeast ferricytochrome c and CCP-CO, 60 . :

4.8 Semi-log plot of the doto in Figure 4.6 fer the
reaction. of yeast ferricvtochrome ¢ with CCP.CC
~over the first 30 s. This corresponds to
~ 1.3 half lives of the fast phase :
(k't = 3.0 x10-2 s*}, Table*Vii)e . ¢l

4.9 Absorbance changes at ‘414 nm due to the -
repction of horse heart ferricytochrome ¢ with
’ ‘ CCP:CO versus time in 0.0} M phoaphatowﬁﬁffvv Y
pH 7.0 at 18 + 0.5°C, under 0.1 atm CO. 6
4.10° Absorbance Ehangea at 414 nm f£4r the reaction N
-of yeast fefricytothrome ¢ with CCP.CO veraus
time 1n 0.01 M phoaphate buffer pH 7.0, at
18 + 0.5°C under 0.1 otm CO. 04

4.11 Absoridance changes nt 114 pm due to CCPI' 0
“thermal dissocintion in presence of yeant
ferrocvtnchrome ¢ versus taime 1n 0,001 M
phosphate buffer ol 7.0, at 1H « 0. 5%C, under
0.05 atm CO, using NO an trapping sgent. . oG

v

* ~ ¢
«

4



Table

I -

I1

II1

IV

LIST OF TABLES

. . Title
7'_“‘—_'_" f
Kinetic Parameters and Vibrational Frequencies
forr CO Binding

¥
Litegature Assignmenté of the FeCO Vibrational
Frequencies (cm ') for HRP:CO and CCP:CO

Thermal Dissociation Rate Constants for CCP:CO
and HRP:CO in the presence of 8% transmittance
ND filter, Using ‘NO as a Trap

Thermal Dissociation Rate Constants for CCP:CO
and HRP:CO in the absence of ND filter, Using
NO as a Trap

Thermal Dissociation Rate Constants for CCP:CO
at pH 7.0, Using H202 as a Trap
N\

Thermal Dissociation Rate Constants for Fresh
CCP:CO at pH 8.0, Using NO as a Trap

Rate Constants for thé Reaction of Ferricyto-
chrome ¢’s with CCP:CO at 1 atm CO

Observed Rate Constants (kf7) for the Fast a
Phase of the Reaction Between Horse heart
Ferricytochrome ¢ and CCP:CO versus Temper—
ature at 1 atm CO .

Observed Rate Constants for the Slow Phase of
the Reaction Between Horse Heart Ferricyto-
chrome ¢ and CCP:CO versus Temperature at

1 atm CO.

Activation Parameters for CO Dissociation

from Mb:CO ‘and HRP:CO.

Rate Constants for the Reactions of ﬁo;se
Heart and Yeast Ferricytochrome c¢’s with
CCP:CO at 0.1 atm CO e

Thermal Dissociation Rate Constants for
CCP:CO in the Presence and Absence of Ferro-
cytochrome c, Using NO as a Trap.

-~ I3

xiv.

24

9
(4]

39

52

54

55
57

63

67



CHAPTER 1

INTRODUCTION: ’

Heme proteins accomplish diverse funélioné such as 0z transport,
electron transfer, H202 breakdown and several kinds of oxidation. These
proteins employ iron porphyrin in their active sites. With the
exception of the electron transfer proteins, the iron'é%;rdination
nunber at the active site is five, so that the sixth position 1is open
for liggnd binding or catalytic activity.

Peroxidases are 'a group of hemoproteins which act as catalysts in
the peroxidation of numeious substrates. Upon addition of strong
red&eing agents the resting ferriperoxidasc changes to the ferro
derivative, the spectrum of which is very similar to that of ferro Mb
and ferro Hb. Ferroperoxidase is unstable in the presence of O;

réverting to the ferri form. With 1ligands such as CO, _NO and CN-,

peroxidases form adducts similar to those of Hb .and Mb.
1

The reactions of CO with hemes have long been of chemical and

biochemicél'interest. This is largely because structural and chemical

interpretations of bonding in transition metal carbonyis can be based

T

e

upon CO stretching frequencies.

In the past decade, researchers forwarded ewvidence for various
Sinding, mo@eé “of éb\ to hemoproteins. Smith °and coworkers (1983)
reported that HRP:CO isoenzyme c exhibits two v(CO) infrnredr bands at
1933.5 cm~! and 1905 cm-l. In‘DzO the bands shift to 1932.5 cm-?! "and
1902.5 cm~1, yhicﬁ suggests the evistance of a ltronqhﬂ-bond between

oxygen of CO and a proton of a distal residue.

The spectrophotometric titration of a distal gi-tidina revealed a




. - 2.
. . ~

\ N

shift‘in pKa from 7.25 to 8.25 upon combination of HRP with. CO. This?
shift was again interpreted in terms of the presence of an H-bond
between the bound C0 and a distal base in HRP:CO (Hayashi et al., 1976).
However, the X-ray structure of CO-bound ~hemoglobin revealed that the
oxygen atom of CO is displaced from the heme normal (Baldwi?, 1980), but
no H-bonding is observed between bound €O and distal residues.

Structural studies of ,heme proteins have led to thfee dislinqt
effects on reac£ivity of the heme towards ligands: the proximal base °
tension effect, the prox;mal imidazole deprotonation effeét and the
dis£31 side steric effect (Dickerson and _Geis, 1983; Takapo (1977);
Fermi 51975); Brozozo&%ki et al., 1984). The steric contact between

the proximal imidazole‘and the porphyriﬁ p}ane is kno@n to control heme’

affinity in relaxed (R) énd iense (T) states of Hb, towards bz. It is
assumed that éroximal imidazole.deprotonatagn could alsorplay a role in
the affinity of the hemg for 02 or CO. 1It.is proposed tﬂat the lowered
affinity in T-state Hb is due to the H-bonding of proximal histidine,
which is not present in the R-state.
Digial effects wﬁich influence ligand binding in hemoproteins can be
+  of several types: steric, lscal polarity and hydrogen bonding. X-ray
" crystal gfructgrds of 02 and CO bound iron II "picket fence" porphyrin
cbmp}ex, revealed that 0z is bound in a bent fashion whereas CO is bound
_ linearly (Jsmeson et al., 1980). The structure difference betﬁeen the
modea of binding of CO and Oz was proposed as a mechanism for lowering

the toxicity of 0. . Collman et =al. (1976), performed kinetic

measurements on "picket fence" and pocket éporphyrins and observed é 30

. 3




p | 3.
fold decreése in CO affinity upon crowding the porphyrin pocket, while
the 02 affinity remained gpchanged. It was foupd that the association
rates of both CO and 0Oz decreased. Alihough the dissociation rate of 02
dec;;ased the corresponding rate for CO remeined constant. Yu et al.
(1985) prepared strapped hemes in wh1ch the length of the strap was
systematically varied. They obqerved thdt as the strap was extended CO
asséciation rate increased (Table I). Hence these researchers predict
that distal steric effects appear mainly in CO associat;on rates,
Traylor (1980)‘ studied the CO and Oz affinities of cyclophane and
chelated hemes, His’studies led him to suggest (hnt the proximnl]l side
strains result in an equal change in sssociation qnd dissociatipn rites

°

whereas distal side steric’ effects appear entirely in the nssociation
rates. Hence gccording to Tr;ylor‘ in order toqdistinguish the distal
from proximal side effects, upon ligand binding the knowledge of both
dissociatios and association rates are necessary.

The comparison of thermodynamic and kinetic parameters of model
hemes with Hb revealed that 02 and CO binding to b are not influenced
by distal side steric gffects and it is possibly the pocket polarity and
not the confxguratzon of Fe~-CO bond which deternxncn the relnthn 02 and
CO affinities (Chang et al., 1975; Gibel et nl., 1978 Truylor nt‘nl..
1981). : .

Suslick et al. (1984) examined solvent influence on CO and 0. binding
af{}nities sy;;e:atically. ~  They ob;ervod that CO affinity Yecroased
witb solvent polarity, whercas .0: ‘nffihity increased. Houuv;r. the
effect of solvent polarity on CO dissocistion rate have not yet boen
reported.

'

-~



“,_g_»x;vr’,q-,’,-.,, i O CH A A e
e % Im P R .

Phillips et al. (1981) reported hydrogen bonding between bound -
. dioxygen‘ and the distal imid;azole in Mb(0O2) and Hb(02)a. Nlor:lelc
compounds which havé been used to study this interaction-include,

strapped porphyrin, (Momenteau. and Lavalette, 1982), "basket handle"

porphyrin and chelated porphyrin. Chang and coworkers when working with

~

the latter porphyrin,m revealed thar’zt on and off rates of Oz but not CO

are affected by the polar groups near the ligand binding site, (Yogng

__ and Chang, 1985).

L ]
&

Recently, Spiro and coworkers reported alternative CO binding modes

for HRP using resonance RamanL and infrared spect'rost':opy (Evangelista-!\ /
Kirkup. et al., 1986). At aéiciic-pH, HRP: CO, For;h I, is obser'ved with . ’ /
v(FeC) = 490 cm! and v(CO) = 1932 cm™. The appearance of the FeCO /
bendmg mode in the Raman Spectrum has been suggested to be assocmted/

" with FeCO bonds that are off axis relative to the heme nomala(Baldwu(
1980). No &8(FeCO) bending mode was observed with this species (Form' I);
hence the CO bending mode was assumed to be linear. Upon incre?Ag the
CO0 pressure at low pH, Form II of HRP CO is observed with v(FoeC) 437
cm1, v(C0)' = 1904 cul and &(FeCO) = 587 ca? (Table n/) In the
latter species CO is assumed ‘to be tilted and E’I—bonded fo a protonated

4

distal histidine because of the FeCO bending mogjé observed- An

equilibr:ium exists between Forms I and IT which is‘shifted toward Form
II upon increasing the CO concentration. This b,éhaviour is interpreted
’ " - to be due to- the binding of a second CO molecule in the heme cavity

which induces a conformational change involy’ing the distal residues.

1y
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Resonance Raman and infrared data of CCP: CO reported by Smulevich et
al. (1986) also reveals two CO binding modes for CCP at 1OW«P%%r Form I
with v(FeC) = 495 cm-!, .and no detectable 6(FeCO), and Form II with
v(FeC) = 530 cm-! and §(FeCO) = 585 cm~! (Table II)- Both forms have
coincidental infrared bands at 1922 cm‘lf' Form I is assumed to be
1inear; because no bending mode was detécted, while Form II is assumed

1

to be tilted and H-bonded to the distal histidine. For CCP:CO a single

major CO infrared band occurs at 1920.4 + 0.5 em ! in aqueous buffer

which shifts by 2.0 + 0.5 cm~! in D20 (Sattgrlee et al., 1984). Similar

"to HRP, the equilibrium between Forms I and II of CCP:CO are shifted

towards the latter at elevated CO concentrations. At high pH,‘Form IT
is converted into Form II’, with v(FeC) = 403 cm~!, &(FeCC) = 575 cm!
and v{CO) = 1948 cm-!. ?his form is assumed to be tilted due to the

presence of an FeCO bending mode, but not H~bonded because ,the FeC

" stretching frequency is significantly . less and the CO stretching

frequency 'is considerably greater for Form II' compared to Form II.
. To support the resonance Raman and infrared findings, kinetic
evidence for different conformations of the peroxidase CO adducts was

sought. A kinetic study should reveal whether the different CO

.. conformers are in equilibrium or non-interconverting. In performing-our

-
e

kinetic measurements on the alternative CO adducts of pero#idases, we
. ' 5
were restricted to studying only thermal dissociation rates since CO

N

combination rates with the ferroperoxidase cannot be measured following

— . P

preinc@ibation of the proteins with CO. In the present study, detailed

measurements on CCP:CO and HRP: dO thermal dissociation using NO as

\\_“_

« -
- I

e
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trapping agent are reported. Kinetic evidence for alternative co

i’binding modds to COP and HRP is provided and the influence of the
protein moiety on'CO binding is discussed with refeéence to some model
coﬁpounds. :
Horse heart and yeust cvto;hrome e érc known to bind to CCP nt lowm
ionig strength in solution (Mochan, 1970: Mochan and‘&jcholls. lﬂflf
Gupta .and Yonetani, 1973;' Leonard and VYonetani, 1974; Erman Aﬁd
Vitello, 1980; Kapg and Erman, 1982; Dowe and Vitello, 1984; Hoth and
Erman,11984; Kornblatt and English, 1986:" Hazzard et al., 1987}, The
e%ectron transfer rate hetween C!i! and CCPi! was measured to he (.23
s”! and 1.7 s-1 for horse heéart and yeust, cytochrome «¢'s, renpectively
(Cheuﬁg et al., 1986): The thpee'dimensional atfﬂqtg;e of CC¢¥ hns been

¢ = —

elucidated a£ high resolution (Poulos et al., 1980:ﬁ:Finzvl and Poulas,
1984; Poulos and Finzel, 1984). Poulos and Kraut, 1980 have prop&urd a
mgdél of CCP!!1 interacting with C'!. The model incorporates the charge
interactions of the two prote?ns (Kang et al., 1978: Koppenol and
\Margoliabp, 1982). Mochan ané Nicholls, 1971 found }hn( the rate é? the'
reaction of H202 with CCP!! “in the pre-ence. of cytochrome ¢ is

unaffected. Therefore, it is expected th¥t CO can n)lso bind with CCPt!

in the presence of cytochrome c. In chapter 4, the reactions of horse °

heart and yeast C'!! with CCP:CO are reported and the thermodvanmic

parameters of the reduction of horse C/!! with CCP:CO are determined and

the nature of the obuerch reactions are discussed. This study is to

determire the effects of coordination nusber and spin state of the tion

upon the intramolecular electron transfer rate in C!'!!/CCP: 00,



T TN
T

.
\ M -t

(cm-1) for HRP:CO and CCP:CO

e
. »,‘

; Téble II: Literature Assifnments of the FeCO Vibrational ftequencies

~
v R > (
Protein Form v{CO) v(FeC) §(FeCO)
\\‘ '
HRP ~o I . - - 1932 4902 !
HRP ! Ir 1904 4378 587 ;-
ccp S 1922 495b L /
© CCP IT 1922 530P 1585
CCP , II 1948 403", 575
— . -

a Evangelista-Kirkup et al., 1986;

b Smulevich et al., 1986
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, CHAPTER 2 *

MATERIALS AND METHODS

2.1. Materials

CCP was isolated from bakers veast (Fleishmuns) ncgnrding to the

vsremodified-procedure of. Nelson et al., 1977 by English «t al., lune, The
4,
) érystalgiig%; found to have a pufity indéx (Asve 7A2no) of 1.0-1.4. HRP,

(isoenzyme C) type VI, horse heart ¢ (type VI), and vyenst ¢ (Candidn
2

krusei, type VII) were obtained from Snga and were used without furt\vx
purification. CO (c.p. gréde), NO (c.p. grade) and argon i(prepurtfied

were purchased from Union Carbide. CO and argon were passed through o
¢

#hromous tower followed by a phosphate buffer (0.IM, pH 7.0 tower to

obtain oxygen-free gases. NO was passed through a layer of KON crvatnls

to absorb unwanted higher oxides, and excess NO was oxidized to nitrate

in a solution of NaOH and H»0:.

- »
. ' v

2.2 Methodology: ‘ . .

¢

Solutions of 2.5 - 3"uM éCéuor HﬁP were prepared in 0.01M or U.IA
phgsphate buffer containing 0.008% wt/vol bcetophenene and 2N ul/;ol
&sopropyl alcohol. All sanplég were degassed under scrubbed argon.for |
hour. The degagsed Fe!ll enzyme samples were photoreduced to th; Folt?
state in situ in the cuvette by the radicals which are genernted when
.the acetophenone is eyposed to {he,U§~light (Werd et al., 1982). HHP.CO
and CCP;CO were generated uccordini to the foliowing procedure: the |}

‘ ata CC samples were prepared by directly bubbl’ing‘ ucr;bbud CO into the

enzyme solutfion for 15 min. To obtatn CO pressures of 0.] and 0.0) atam,

3
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CO was introduced into the.degéssed solution by a gas syringe. All the

3

samples were equilibriated for at least 5 min at the desired teﬁpera—

- ‘}. .
ture, using .a thermostatted bath. Using the tables of solubility of CO

in solution (Weast, 1980) the CO concentration in 3 ml samples was

estimated to be approximately 3 mM.

o

. For NO displacement reactions, NO was bubbled into phosphate buffer

to form a saturated NO sélution, and NO concentration wag' estimated to
"be of approximately 6.6 mM using tables of solubility of NO in solution
(Weast, 1980). An app;opriate amount of this solution was then
introduced into the cuvette by a gas syr?nge, éo‘that the concentration

of dissolved NO would always be tyice that of 'CO in the buffer. E'
- Ve

The dissociation reaction was-measured 2-3 s after the injection of
' 5 L
the appropriate amount of the trapping agent. The 2~3 s was allowed for

mixing of the cuvette contents. ' Vo ,
. -
H202 solutions of known concentration were also prepared in

‘ phosphate buffer and were degassed for 1 hr before being injected into

P

the cuvette. TIn this case also, the concentration of H202 was ‘2 times
‘ !

higher than that, of CO”in the buffer. ,

For cytochrome ¢ reactions, ferricytochrome ¢ solutions of known
- concentrétion were prepared in phosphate buffer and degassed for 45 min
before being injected into the cuvett?.

- . -
-~ Absonbance changes were measured on a rapid scan HP9451A diode-

<

array spéctrophotometer (response time O0.1ls). The sample in thi§'

, - rd .
instrument was exposed to a broad range of wavelengths’which could cause

-

photoassfsted CO dissociation. Hence, CO thermal dissociation reactions

' were ‘also measured by a Cary 2290 scanning spectrophotonmeter, -to reduce
. © ' ) EY

"
[

. h - '
3 N ~. — .

\ . f




o

photoa'ssiist;d (of0] dissociatio}\w‘

]

" cases were ident.ical.

]
M 1

’

a minimum.

A

Each experiment was performed at

values of the

rate gonstan@.

as

least

well

as

The ré;ults(jn potﬁ the

Y
»

four times and  the mean

standard dreviations, are

~

reported in the result sections of this theais.

Extinction coefficients utilized throughout this work are as follows:

CCPH1
CCP:CO
CCP: NO

CCP:NO

" CCPTY

HRP! ! !

. )

HRP:CO .

HRP: NO

t408
L424
6;22
Cai
szﬂ
- £404

La22

L4722

CCP!!! and CCP!Y

CCPI1! and CCP:CO

and Natural lognrithu--roﬁtine- (Ng Ching Hing, 19RS5:.

.3 Data Analysis

=

1"

1]

isosbestic at 413 nm:

isosbestic at 414 nm:

-

94’ mM- 1

150 mM-1 cm-3

98 mM-!

°
68 aM

100 mM-? cm !}
100 EM" cm-3
137 mM"? cm ?

106 mM-} cm"?

The data was sub jected

methods to

‘ constant.

%

L

find the absorbance st infinity, then the naturel logerithus

The abnorbm decay or growu: versus un were bclh tnﬂd

«

Y

gﬁ“

om !

Cm—l

(Mathews and Wxttrﬁhvrg.elﬂ7h}

{(Yonetani and Rayy 19645°

(pH R.O°

N
¢

(pH 7.0 (Yonetnni et al., 1972°

<

N ,
This work®

{(Mat thews nnd Wittenberg, 1979

(Ohlsson and Paul, 1976)

{Kertesz et al., 1965)'

(Yonetan: et anl., 1972

89 ﬂ- i [o: I i o ; 2"

124 =M} ra”k . .

computer program Qis used to&;xpcute the Guggenheis, ondy~8~inbourﬁo

)

to Guggenheis and the Kexdy- Xwinbourne

i

-

et

'nethod was' applied. to the same dnu. in order to d-tmmo u. nu '




with the same program, as described below:
The computer program exirapolated the absorbance versus time data ‘to

where the absorbance no longer changed with time. The asynipt,ote to this

curve wa® intercepied with the absorbance coordinate to yield A“ (base

»

line). The base line, Am was.subtracted from the absorbance at any time
\ .

and the log was taken from this value to yield In(AAt). The plot of

In(AAr) versus time was then subjected to a natural log first order

re

routine in order to determine the rate constant. However,a it was found

th‘at the data points in some cases could not fit satisfactorily, with a

singie straight line. For example, CCP:CO'thermal dissociation u§ing5N0"'
, ‘ e,
as trapping agent shown in Chapter-3 (Figure 3.2) could not be analysed

»

using a single first order fit. 'The following three steps were g:akgn in

order to ahalyse this typé of data, which was found frequently during

[

the course of ‘this st}xdy. °

1. In Figuré.2.1, shown below whéggyall the data points were

treated by a singl.e%i,rs’c order fit the b~eginning portion of tje data
points curve off and result in unsatisfactory correlation coefficients.
% & .
Fron® this plot, the time period due to fast portion of CCP:CO thermal.
- »

disso'ciation was estimated to be 28 s.

¢

-




e

-1.87

-2.59L

. . <
: -5.48" R (=) ]

Figure 2.1 Semi~log plot of the data in Figuro}i for
> CCPiCa dissociation. .

L4

<

-

2. The slow portion‘of absorbance vérsus tiine dat“a (28' - 800 8) was \

extrapolated, mdependently to where the absorbance no ldhger changed

a

with time. The mtercept of the (asymptote to this curve w1th the .

-~

_absorbance coordinate results A;. whixh is’ the base lme due to slow

°

portion of CCP:CO thermal dissoc'iation. A;,was then'snbtracted from %he
tbsorbance at any (time within 28 - 800 s to result AA’c‘. The plot of _
In(AATt) versus time was then subjected to first order fit, "the slope of
which results kI ' which 1s the slow thermal dlssocmtmn rate constant

» 3. The data for the first 28 s.was mdependently extrapolated to

w‘bere the absorbance no longer changed with tme. ’I‘he asytlnptote to this

b

»

L]

curve wa7 interceptgd with the absorbance ‘coordinate to result A." I (the

'

- -"“.
Y.
e e



base line for the- fast portion of CCP:CO thermal dissociation)t ALl was

subtracted from absorbance versus time data at any time within 0-28 s to

result AA;’. The plot of ln}jkAzh) versus\time was then subjecteﬂ to a

’ ~ ffew TIrst order fit to result kI!-which .is the rate constant for the ‘A

'y ’

fast portion 6f the CC?:CO thermel dissociation reaction.

In the cases where the absorbance versus time data couid be best fit
by two independent firsﬁ order fits, the CCP:CO thermal‘aissocietion
reaction was assumed to be biphasic. \Thié~was because:the resolution of_
“g | the data into two "linear plots eorfespond to the bighasic kinetics -

described by .Swinbourne (1971) where two parqliel first\order‘reactions

proéﬁce the same product. For the cases where‘a single straight line

. was sefficient to fit all the da%a points satisfactorily, the CCP:CO
‘thermal dissociation reaction was assumed to be monophasie.

The’ correlation éoeffibients,obtained during fhis study were W1th1n

N e e

N the range of 0.989-0.995.

N ' .

2.4 Investigation of Photoéseigted Dissociation

s

Heme~-CO complexes are known to be extremely light sensitive (Brunori
. s ¢ ‘

: et al.,'1972;- Bonaventura et .al., 1973). Consequently it is possible
- ‘ b

»

that—sone— eq:gr is introduced in- the magnitude of the thermal
dissociation rate consténts due to photolysis of the Heme-CO complexes.

Also, the fast compenent observed for CCP:CO and HRP:CO dissociation at

- -

: 1 atm _may be due to photoly51s rather than thermal d1ssoclat1on.

%

— In order to clear. these problems, the percentage slow phase XZMQL_,

, obteined according to Section 2.3, is plotted versus Io(Rel) which is

+



t

. As'can be seen in Figure 2.2, thé slow portion of absorbance change due

+ to CCP:CO0 thermal dissociation (AAL ) at 1 atm CO increases with ) .

-

the reiative intenéity.of'the iqcident,behm. controlled by using neutral

density (ND) filters, for CCP:CO (Figure 2.2) and HRP:CO (Figure 2.3).

3
1

’ detrea;iné Io (Rel), but:remains 'constant and does not reach 100% even ' ::)

when Io(Rel) is § 12%, (i.e. there is always a fas% portion present).
At such Tow iﬁfénsity, it is regsbna?le to assume that phoéoassistea
,di;sociation i; neglig;blg. fhis 'suggests that CGP:QO nthermal
disségiétion is.def;niteiyjbiphas;c and the fast component of absorbance
chagﬁe,due to CCP:CO Aissaciatioﬁ is_not due to photolysis. At 0.1 dtm
o, (Figure 232),‘AA; ingreasegd;;zl decreq;ing Io (Rel) and reaches 100%
when If(Rel) { 15%. At these low intensities of the .incident beam,

photoassisted dissociation is most probablyf avoided, siﬁce upon

' decreasing the light intensity neither the absorbance nor the magnitude

.of - the dissocismtign rate'. constant of CCP:CO dissociation is changed.

Also, -there is no fast'componeht obsefvéd due to CCP:CO dissociation at \
0.1 atm CO. Figure 2:3 éﬁpwq XAA; versus Io (Rel) for HRP:CO. As can be  °

seen, HRP:CO almost mirrors the behaviouy of CCP:CO at 1 and 0.1 atm CO.

2 -
4
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Figure 2.2 The percentag&(wp;g (%8 A.,{ ) of 3 uM CCPiCO '

) :  -thermal dis;%qciat;ion versus I, (Rel) at 1 atm O (0)
\ ‘. ', . and at 0.1 atm CO ' (A), in 0.01'M phosphaﬁe byffer -
\ b pH 7.0, at 18 + 0.5%.
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CHAPTER 3’ | ,

R THERMAL DISSOCIATION OF CO-PEROXIDASE USING NO_AND H202_AS

TRAPPING AGENTS

3

3.1 Introduction -

The CO dissociation from CCP:CO is!predicted to occur according to

A}

the foilowiqg,Scheme:

t
CCP:CO Z———= CCPT! + CO (slow)

~
; CCP!! + Trap ————CCP:Trap (fast)

e

This procedure is based on the assumption that CO dissociation is slow

and rate-limiting, and the trapping ligand reacts with the non ligated

3

derivative rapidly. In the following sections, NO and H20z were used as

traps. The NO agsociation rate constant with ferro-HRP was estimated to
be 2.3 x %05 M-1s-1! (Mims et al., 1983) and H20: reacts with peroxidases
° at the\rate of 107 to 108 M-1g-1 (Chance, 1952; Geofge, 1953; Yonetani,

1976; Loo énd Erman, 1975). The rate constant fo# CO combination with

reduced HRF was obtained using stopped flow experiments. At ?H 7.0, in

Q.l M phosphate b;ffer the CO qombination rate was 2.3 x 103 M-ls-l,

(Kertesz et al., 1965). bThe dissociation of CO from HRP:CO has been
.measured by cyanide (CN‘} displacement. Thé magnitude of the CO )
. dissociation rate constant was 0.025 s-! at pH 9.1 (Phelps ef_al.,
1971).' Cyanide (CN-) binding occurs in one step at pH 9.1 but is more
complicat;d‘at pH 6.0. Therefore, due éo pB limitation and complé;it; :

of binding, cyanide was not used for our experiments. The HRP:CO

thermal dissociation rate constant as reported by Wiétenberg et «l.,

, '(




o

- 19,

| . ' a 4 )
o .
1967 and Coletta et al., 1986, at ph 7.0 is 7.2 x 10-5 s-% and 1.1 x -

109 s-1, resbeciively. This rate is much slower than the dissociation
rates cited for Mb:CO and Hb:CO 5 x 10-3 s-! "and 9 x 10-3 s-}
respectively, (Antonioni and Brunori, 1971; S}wicki and Gibson, 1977).

Based on the available data it is reasonable to assume that the
. ' 3
L . '
ferroperoxidase:CO dissociation rates are a jot slower than either H:z0:

or NO férroperoxidase associationd rates, d "the latter ligands are

®

suitable as trapping agents in the above Scheme.

»

oy -

t

3.2 7 Results . . .

-

1

3.2.1 Thermal Dissociation of CCP{CO at pH 7.0, using NO as a Trqnbl

Figure 3.1 shows ‘the Soret absorption spectra of CCP:CO ;nd GCP:NO.
Hence, upon occurence of the following reaction a large absorbance decay
was expécteA’at 424 nm: "' -~ .

CCP:CO + NO —=--=> CCP:NO + CO

Figure 3.2 demonstrates a typical NO displacement reaction at l;n(m
Cd in 0.01 M phosphate buffer pH 7.0, u;ing 8 6X transmittance ND
filter. The final product Qfs determined spédlrophotomctrically. A
characteristic peak at 422 nm revealed the presence of CCP:NO and’its
concentration was found to be close .to the expected value of 2.5-3 uM
depending on the concentration of CCPiCO originally present. The semi-
log plots ®f absorbance change versus time are shown in Figures 3.3 and
3.4. ' The data were analyzed according to the procedures given in

Section 2.3/ The results indicate biphasic kinet12| and the rate

constanf;\fqghsPe slow and fast phase of the CO dissociation reaction
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- <" Figure 3.2 Absorbance change at 424 nm due to 3 M |
CCP:CO dissociation versus time in 0.01 M
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phosphate buffer pH 7.0, at 18 + 0.5°C, using
'NO as a Trap, under 1 atm CO.
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1

_ Thermal Dissociation Rate Constants for CCP:CO and HEP:CO,

in the fresence'of 6% transmittaﬁée ND filters, Using NO

3

~ - as a Trap.?

Protein P P , k! 'x 108 b.c ' kit x 102
co NO
(atm) (atm) ' R (s~1)
{
cCcP 0.1, 0.1 2.9 + 0.6 °
1 T 3.5 + 0.4 7.8+1
. HRP o.1&' 0.1 . 2.7+ 0.7
13 A Y '
1 1 \ 2.6 + 0.2 4.5 + 1
. ' , ‘ .
\ - ~ .
\ ‘a 0.01 M Phosphate buffer pH 7.0, 18 + 0.5°C, [CCP] = 3 uM.

b At 1 atm CO,"' the observed kinetics aée biphasic and k!, k!'! are the

ratechnstgnts for the slow and fast phases, respectively (Section

2.3).° f . . . d

¢ The rate at 0.1 atm CO is equal to the slow phase at 1 atm CO within

A . ~ . ‘
experimental error. Therefore, both rate cénstants are’ labelled k!.

. 1 .
% L - .
. : “
: [
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Table IV{ : Thermal Dissociation Rate Constant for CCP:GO and
HRP:CO ih the absence of ND filters, Using NO as : N e
a Trapﬂ. 2 '
: . 1+ 103 b, 11 n2
Protein }2:0 PNo ’ ‘ k x 10 c k!l x 10‘ .
N . (s1)  « (s7}) ®
cce © 0.1 0.1. - 591 0.7
1 1.0 1.0 4.6 + 0.6 7.3+ 0.5
ST . S Ty T .
HRP 0.1 0.1 2.9 + 0.1 RN
S 8
1.0 1.0 5.8 +0.1 2.7+ 0.1 ‘

a 0.01 M Phosphate buffer pH 7.0, 18 + 0.5°C, [CCP] = 3 uM,*a UV cut-off

and a 460 nm short pass filter were present.

. . e . g
b, Refer to footnotes to Table III. . : . . * '
N o
\"\
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are designated as k! and k!!, respectively. The average vgl,ue_s of the
rates 'are reported in Table III. The thermal digsociation rate of

CCP:CO was found to be monophasic. at 0.1 atm CO since all the absorbance -
- )

change a.t 0.1 atm CO, ‘could be .accounted for by the slow phqse, using ND
filters with 10% tra‘m;,mittance (refer to Section 2.3 and Figure 2.2).
" The magn'itude ‘of‘the -ra“te»co.ﬂ'tant was similar to the magnitude of k! at
1 atm CQ, wi‘thin uexperimental error “*(Table III).. NO. displacement ‘
reactions were also performed in the pr;esence of a UV cut-off and a 460-
nm 'shorf—pass filtexi but in the absence of ND filters (Table IV). At 1
atim CO, the kinetics were biphasic’ while at 0.1 atm CO, only monophasic
dissociati/on could be observed.. Comparing the thermal disusoéiation rate
constants of CCP:CO  in Tables IIT a'nd@ IV, it is found that the
magﬁitudes of k!! are simila¥, in the presence or absence of ND filters.
<
The values of k!, on’the other hand yére greater when ND filter is
absent. These results  suggest that photoassisted dissociation only
affectéd i(’, the slow themalh cli-s.socia‘t:o'.on~ rate constant.
)
. ; * o
. ' . /-

‘3.2’.2 thermal Dissociation of CCP:COLusig/_Hz_Qz as a Trap.

H202 has been .used as a trapping agent “in CO displacement

* experiments, in#,01 M phosphate buffer, pH 7¥0. mThé overall reaction

is as follows: - » \

?

. CGCP:CO + H203 ~~——- > CCPIV + .CO ' ' ,

The final product is ferryl CCP (Fe!V = 0) which is, formed upon the two
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electron'oxiQaticn of reduced CCF.  Ferryl CCP has lower absorbance than
GCP:CO at-424 nm; thus, monitoriné tgé reaction at this wavelength
resulted in an absorbaﬁde decay at v%rious CO concentrations. Figure

3.5 shows the absorbancg'decay at 424 rim when ferryl CCP was formed due

" to the reaction of CCP:CO with Hz02, at 18 ¢ 0.5°C. The pbsorbance

¢

decay did not level--off, even at the maximum absorbance chnﬁge expect ed
for the CO displacement reaction. This was due to¢ the décay of ferryl
CCP to ferri—QCP which had'a‘ half-life of ~ 30 min. The hulf—life of
the siow component of thermal dissociaiioy was 110 s, whicﬁ is chr 10«
fold shorter than ferryl—éC? decay. -’ Anélysis of thT trace according to
Section 2.3, revealed biphasic CO dissociation gnd the values of the
rates arg given in Tablé g. It should be noted that ®e ND.filters were
not used to measure the rates of CCP:CO thermal dissociation with H202
trapping. The UV cut-off (290 nm) filter as wéll as u'EEO{nm short-pass
filter were present during the course of these measurements.

‘ Compariné the CCP:CO thermal rdissociation rate constants, measﬁred
in tﬁe presence of a UV cut-off and a 460 nm short pass filter, reported
in Tables IV and V, it is found that the fast dissociution.rutc‘conatnn;
(k'!) remains es;entially the same, when gither NO or H:0z are used as °
trapping agents. The slow dissociation rate constant (k’i;/hOWever is
. slightly higher in Table V as compared to k! ;cported in Table IV, at
respective CO Sressure. . This may be due to the decay of feqrgl ccr to
ferri~CCP at 424 nm . The bipﬁasic disao;iation kinetics at | atd CO and

monophasic disso¢iation kinetics at 0.1 atm CO, observed in Table V are

in accordance with the NO trapping results reported previously

Y
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: Figure 3.5 Absorbance change’ at 424 nm due to 3 uM CCP: 00
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Teble V: Thermal Dissociation Rate Constants for CCP:CO at pH 7.0,

Using H202 as a Trap*.

-

© Protei'n Po k' x 108 b.c k!l x 102
(atm) (s71) (s7))
cCP 0.1 6.2 + 0.1
] 7.1+ 0.4 7.2 + 0.1

<

was present.

b,¢ Refer to footnotes to Table ITI.

)

2 0.01 M Phosphate buffer pH 7.0, 18.% 0.5°C, [CCP) = 3 uM, no ND filfer



30.

(Table 1IV) in'/the’l absence of a 6% transmittance ND filter.

v

. Photoassisted dissociation seems to affect only the slow component of
: N '

CCP:CO dissociation reaction.

'3.2.3  Thermal Dissociation of HRP:CO at pH 7.0, using NO as a Trap.

In Figure 3.6, ;pectral changes at -424 nm)@ue to HRP:CO dissociation
versus %ime are shown. The reaction was carried out under l-atm CO in
- 0.01 M phosphéte buffer, pH 7.0, at 18 + 0.5°C, using an ND filter with

6% tranéﬁittance. Analysis of the absorbance data showed biphasic CO

dissochation at 1 'atm)gco (Figure 3.7 and 3.8B) and monophasic ‘CO .
diss?ciafiqn at 0.1 th\ CO. The average values of the rates are given

in Tabie; III and IV. Comparing Tables IIT’ghd IV, it can b; 'seéh that

HRP:CO thermal @isso;iat{on does not follow the same‘trend as that of

CCP: CO thermal dissociation, in the presence and absence of ND‘filters:

.This is because although the valuéé of k! are greater in the absegge of
ND filters, tﬂé value of k! has decreased. However, siﬁce most of fhe
experiments reported in this stﬁdy ,Qere _pefformed with CCP:CO, the

ixiltetjpretation of the data for\‘ HRP:CO ~ thermal aissgciation is no*t}'
-

attempted.

~

[3

3.2.4 Thermal Dissociation of CCP:CO at pH 8.0.vgsiné NO as a Trap.

In Figure 3.9, the variation in the CCP:CO Soret absorption band
between pR 6.6 to 8.0 is shown. The peak maximum shifted from 422.6 at

H 6.6 to 420 nm at pH.-8.0, and an isosbestic point was observed at

~

2 nm, L
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Figure 3.6 Absorbance change at 424 nm due to 3 uM HRP:(0

" thermal dissociation versus time in 0.0l M -

phosphate buffer ‘pH 7.0, at 18 + 0.5°C, using’
NO as a trapping agent, under 1 atm CO.
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Figure 3.10 Absorbance change at 424 nm due to 3 uM CCP: CO
thermal dissociation versus time. The reaction

 was carried out in 0.01 M phosphate’ buffer,

pi B.0, at 18 + 0.5°C, using NO as a trapping
The CO and NO pressures were hoth 1 atm.
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Rates of CCP:Cb dissociation in 0.01, M phosphate buffer, pH 8.0,

. were measured using NO as a trap at 18 + 0.5°C (in the presence of 6%

transmittance ND filter). Figure 3.10 shows a typical trace of the
absorbance decrease versus time at 424 nm under 1 aém C0D, and ag can be
seen from this figure, the thermal dissociation at 1 atm CO is
monophasic. The average value of the rate constant k!!’ was fou%d to be

3.7 + 0.3 x 10-3 s-1,

3.2.5 Effect of Phosphate Concentration Upon Fresh CCP:CO Dissociation

Rate Constant at pH 8.0, using NO as -a Trap. !

The thermal dissociation of fresh CCP:CO0 was measured in 0.01 and

) - . P
0.1 M phosphate buffer at pH 8.0 (Figure 3.11). The term "fresh" is
used to refer to an. enzyme sample which s isolated- for less than a .

week. Smulevich et al. (1986) reported that fresh CCP:CO does not

exhibit an acidic to alkaline transition (Form II --> II’) "in 0.1 M

phosbhate buffer at pH 8.0. Hence, we attempted a study of fresh CCP:CO

L]
dissociation at 0.0l and 0.1 M phosphate concentration. The results are
A

given in Table. VI, and as cif be seen from this. Table, the CO
dissociation rate *(k!'’) was independent of both phosphate and CO
concentrations, within. experimental error. In these measurements no ND
filters were used; however, a UV cut-off and a 460 nm short pass filter
were present; Although, these results @id not mirror the resonance

Raman data (Smulevich et al., 1986), kil’ (~ 1 x 10-2 s-1) for fresh

A
CCP:CO was ~ 3~fold greater than kf!f’ (3.7 x 102 s-!) for moderately-

T
E™
&
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‘aged CCP (i.e., enzyme which has been isolated for 6 ‘months before use). ‘

It should be noted that k¥!' for moderately aged CCP:CO thermal

\

dissociation was measured in the presence of a 6% transmittance ND
Tilter. However, as mentioned previously no ND filters were used in
measurements on the fresh protein, which may serve to increase ki'! by a

~

factor of three.
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Figure 3.11 Abéorbance change at 424 nm due to 2.5 uM fresh i

v

CCP:CO dissociation versus time, in 0.1 M
phosphate buffer pH 8.0, at 18 + 0.5°C, using
NO as trapping agent, under 1 atm CO. _"E‘reéh" ,
CCP:CO is defined in Section 3.2.5. B

- .
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Table VI: /~ Thermal Dissociation Rate Constants for Fresh CCE:Cd at pH

’ 8.0, Using NO as a Trap.® & ' | j
Phosphate g ' J
; ' ' ) ' 11 2 b
Concentr"atlon PCO‘/ PN'o . & x 102
M) - 7 (atm) 4 (atm) (s-1)
“ - 5 ,
0.01 .- 1 1 . 1.0 + 0.1 )
, _ . + - s
- ¢ 0.1 ‘ 0.1 0.9+ 0.2
N 5
0.1 . . S B 1.2 + 0.01 .
' V4 {
) N

2 0.01 M Phosphate buffer, 18 + 0.5°C. [CCP:CO] = 2.5 uM, no ND filter

g
" was present., ‘ - .
.
) . P a

b kI** is the thermal. dissociation rate constant for alkaline. GCP:CO at E
pH 8.0. o . .
R , ‘ N

w “
O‘ 1
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3.3 Discussion o .
’. -~ . A Y »
3.3.1 Thermal Dissociation fof CCP:CO and HRP:CO at pH 7.0.

Thermal = dissociation- rates of CCP:CO 'ax';d HRP:CO at 1 at;n co ar®
biphasic and yvield two dist-inct rate fconstants, k! and k!! ) (Table III).
The thermal dissociation kinetics®at 0.1 atm CO are monophasic for
CCP:CO and HRP CO, and the magnltude of the ratel c?nstan'cs .are similar

to ki, w1thm experlmental error. These results are in accordance with

L x -

the findings of Spiro and coworkérs-who observed alternat;ive CO binding

/ - * N
modes to CCP and HRP, using resonance Raman and infrared spectroscopy

~

¢Smulevich et a&:, 1986; Evangelista-Kirkup et al:, 19B6). On the

basi{ of the resona'.nce‘ Raman and infrared data (Table II), k! was

assigned to a linear CO ad‘sluct” (Form I) which is domipant at low

pressure and k!! was assigned to a tilted CO adduct (Form LI) which

Y

3

"

appears upon increasing the co pressure.

+

The presence of biphaéi.c kinetics indicates that for both

peroxidases, the CO conformers (gid not interconvert on the time ?:oyrse

of CO dissoc\i/ati_on. v
- Thermal dissociation rates at 1 and 0.1 atm 'CO using H202 as a trap

(Table V), are also in agreement with the NG Eiisplacement ‘results. This

- means that the kinetics are independent of the trappix;g agent, and the
. o , e o
thermal dissociation rate is biphasic at 1 atm CO and is monophasic at

’

<

0.1 atm €O.

~ t )

' The slow rate constants (k!’s) for CCP CO and HRP co é155001at1on

were similar to that of Mb:CO (k Ry 0. 005 s 1) and Hb: CO relaxed (R)

seen .1n Table 1I. Th1s suggests that the |

I 2 8

state (k -':O.bOS s-1) as can
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. bound CO in this chase, may not interact with distal-side residues. This

interpretation is® supported by the ‘vibrational data which revealed a

. linear mode of CO binding 'for Form I (Table I) found at low CO

pressures. The fast CO dissociation rates (k!'!’s) were similar to those

of. T-state Hb:CO and strapped hemes (tighé strap) where distal-side
effects have been shown to be present (Ward et al., 198l). The fast CO

dissociation rates were only observed at high CO pressures whetre

"according to Smulevich et al. (1986), - the bound CO is tilted und H-

bonded to distal residues. Hence, it seems that upon increasing the CO

Ll “

pressure, the distal-side residues interact with the bound ligand and

r

tilt it. This tilting process leads to increased instability of the

'

_Fe~CO bond and results in the observed values reported in Tables II1 and

v. Traylor et al. (198l) measured the kinetic, equilibrium and

b

associated thermodynamic values for CO reactions with chelated hemes
Fd

(chelated hemes have strain built into the proximal side). Their
results suggested that proximal strain rqsults in nearly equal change in
association and dissociation rates whereas distal side steric effects

only affect the association ra£es. ’Theréfore, the observed differences

-

beﬁween Form I and Form 1II, of CCP:CO and HRP:CO dissociation rate

constants, according to Traylor, suggests the involvement of proximal

s

side residues. Recently, Coletta et al., 1986 measured CO dissociation

¥

N 3 . ¥ ) ’
and,association rate constants ngﬁh?“, at very low CO concentrations

(< 1um)., In their study, the value of equilibrium constant measured,

directly was similar to that obtained kinetically. The pH dependence of

co dissoqiation rate constant between pH 3-5 led them to suggest the

~
Pl

i
v



P »
PR Oy A A < TR T Vel

&

1S
P

)
[

role of the heme propionates, located‘in the proximity of thq)heme, in
the control of the heme-CO dissociation process. However, their-value
of the HRP:CO thermal dissociation constant at 20°C (1.1 x 10-¢ s~1) is

approximately 30 fold less than the slew HR#?EO dissociation rate
, AT . '
codstant, k! in this study (3.5 x 10-3 s-1), This difference may very

well be due to the effeét of their experimental conditians, - which were

L4 L

quite different from those used in our study. For example‘Coletta and

coworkers measured the rate constants’ét'o.l M phosphate buffer and used

Al

02 as trapping agent, whereas we used NO and H202 as 'trapping agents and

i ¥ AV FENSS b
LI -' *

TR

always worked with 0.011& phOQBhate buffer. Also, the CO conéentrations

«

during the -‘course.of this.study were within the range of 3000-30 uM

which were always at least 10 fold higher than the CO concentrations

used by Céletta et al., 1986. The depeﬁdencé of ghe HRP: CO thermal

dissociation rate constantqon" CO concentration is in agreement with
various CO binding modes to peroxidases at'?.l atm and 1 atm CO, have’
already been reported (Evangelista-Kirkup et al., 1986; Smulevich et

al., .1986). The fact that HRP:CO thermal dissociation rate constant at

, pH 3.25 at 20°C, reported by Coletta et al., 1986, is quite similar to

the slow HRP:CO dissociation '(k!) in our study, could suggest that we
v
performed 'NO traﬁping experiments at PH’s lowér than 7. However, NO in
the presence of traces of 0Oz oxidizés to HNO3, which may serve to use up
tﬁe buffering 'capacity of 0.61 M phosphate buffer and ‘could'have:
resulted in lower pH's in our experi@;nts. Therefore, considering all

of the above factors we conclude that the differences between our

thermal dissociation rate constants and those reported by Coletta et

B
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al., 1986 may be due to the differences bégween experimental conditions -

in our study as compared to theirs. .

1

3.3.2 Thermal Dissociation of CCP:CO at pH 8.0{ using NO as a Trpp.

The CCP:CO thermal dissbciation kinetics in 0.01 M bhosphate buffer -

. hd .

pH 8.0 were monophasic. This is in accordance with. resonance Raman and
‘ : :

infrared data; which provides evidence for the presence of a single CO

conformer at alkaline pH. According to Smulevich et al{ (1986) this: new

conformer (Form ;I’) is tilted similar to Form II.’but is not

H-bonded to' distal residues. The _high value of y(CQ) abscrved hy the

. 0:5""\

resonance Raman' and infrared study reported in Tgble I1 supports the

above statements. Based on these findings, od%’possihly expects to
observe similar kinetic behaviour. betwéen Form II and 1I', since they
are both tilted, and both forms should therefore be destubilized. But

Form II’ dissociation rate was 3.7 + 0.3 x 103 s} which, was 20-fold

lower than the correéponding value for Form II which was 7.8 + 0.1 x

10-2 S‘f.

»
L

3.3.3 E%fect of Phosphate Concentration on Thermal Dissociation of

’

CCP: CO ' ' w *

_Smulevich et al. (1986), repor@éd that in 0.1M phosﬁﬁate buffer,

conversion of Form'IT --> II' at pH B.0 is “inhibited in fresh CCP:CO.

é

: . i 4
The results in Table VI show that the kinetic behaviour of the fresh.

I

CCP:CO complex at pH 8.0, does not change with increesing the phésphate
concentration. A single dissociation rate constant is observed in
0.01 M and 0.1 M phosphate concentration, which ﬂg also independent of

' 4
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CO concentration. The fresh CCP:CO dissociation rate constant at pH 8.0

is 3*fqld greater than that of aged CCP:CO at the same pH, and its
magnitude is very close to that of R-state Hb:CO. Hence, it is possible
that like native CCP (Yonetani and Anni, 1987) aging also leads to

o »

structural changes in CCP:CO. However, it-should be‘mentioned again

". here that no ND filters were used in the studies of fresh CCP:CO, but

were used in those on moderately aged CCP:CO (Sections 3.2.4 and 3.2.5).
Therefore, the possibility of photoassisted dissociation has not been

ruled-out for fresh CCP:(CO.

.



. CHAPTER 4

REACTIONS OF CCP:CO WITH FERRICYTOCHRQME c's FROM YEAST AND

HORSE HEART ‘ »

- ’ *
4.} Introduction .

Gel filtration (Kang et al., 1977; Mochan, 1970) scdimentation

velocity (Mochan and Nicholls, 1971), chemical shifts. of NMR'resonances

<

of cytochrome c (Gupta and Yonetani, 1973), and quenching of
[

v

fluorescence of modified CCP by cytochrome c¢ (Leonard and Yonetani, *
- ]

! 1973) indica@pd that cytochrome ¢ bind; to the DCEQXiAﬁﬂﬁ_in_ﬁDlULiQn**ﬁm_ﬁh___
The equilibrium association constant for the complex had been determined
as a function of the ionic strength and v;ried between 6 i'3.8 X 100 M7
and 2.2 + 1.9 x 10® M-! over the ionic sFrength\range of 0.01 M to 0.2 M
(Erman and Vitello, 1980).

Cytocﬁrome_g should also bind to tﬂc CCP:CO complex. Mochun and

' Nicholls (1971) found that the rate . of reaction of CCP. with K0z is

unaffected in the presence of cytocprome c’ Therefore in C/CCPhcompkox

. a channel ieading from the externai medium to the heme in ﬂcéP must

remain open ‘(Poulos ‘et al., ~19785. Heﬁce: it is expecte? that the

presence of cytochrome ¢ would not interfere w{th the CO ligation of
ccprr,

Intramolecular electron transfer rates between fcrricytoghromc ¢ and
CCP!! have been measured directly b§ Cheung el al., 1986. The electrqn
transfer rate betweén horse hear€ ferricytochrome ¢ and CCP was found to
be 0.23 + 0.02 stL. Variations in the primary structure of cytochrome ¢

J

cause changes in the intramolecular electron transfer rate. For example .

o
4 v

&
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the intramolecular electron transfer rate when yeast cytochrome c is

used is 1.7 s%! which \s an order of magnitude higher than the

corresponding value for horge heart cytochrome c. These results EEF

supported by a repoft given\by Ho et al. (1985) on excited state

elow in the following sections.

Al

occur according to the Schem
CCP:CO + C!1! e }{C1 11 ;CCP:CO

CI1T:CCP:CO ———w CI1:CCPII! + CO

4.2 Results , R

4.2.1.1 Reaction of Horse Heé.ﬁFFerrigytochrome c with CCP:CO_at

1 atm €O.

2

Figure 4.1, shows the Soret absorption~spectra of CQPI” and CCP:CO
in 0.0i‘M phosphate buffer pH 7.0, at room temperature. A clear
isosbestic point coJld be observed at 414 nm. The extinction
coefficients of oxidized and reduced horse heagt cytochromé c at 414 nm
are 97 and 124 ﬁM’l cn~!, respectively (Margoliash and Prohwirt, 1959);
therefore, the abs&rbance increase which . occurred dufing the above
reaction at 414 nm was only due to the reductfon'of cytochrome c.

Figure 4.2 sbows the absorbance change‘at 414 nm due to the reaction
of horse heart c with CCP:CO in 0.0l M phosphate buffer pH 7.0
at 18 + 0.5°C under 1 atm CO, using a 13% transmittance ND filtér.

The absorbance change versus time was analysed according to Section

2.3 and the kinetics were found to be biphasic at 1 atm CO (Figure 4.3

o



: o . v,
47.

The rate of the fast and slow comﬁonents were ~ 4-fold and
‘ '

and 4.4).
~ 2-fold slower than the respective fast and slow rate constants in the

NO trapping experiments (Tabie III), and ﬁherefore are designated k!!
The average values of the rates arc reported ° in

and k!, respectively.
r vl
H

Table VII.

P #
B SR T

-



0.55L
? -
. : ) <
o :
)
£
u .
0
ko
0
t
: D
] £
!
E
;, ’ 0 - 1 1 1 { 1 y
. _360 380, 400 420 440 460 48
o oy XNEnm) <
Soret absorption spectrum of 2.5 uM o™ ang

© Figure 4.1

s

2.5 yM CCP:CO in 0.0l M phosphate buffer pBH 7.0,
at room temperature (Traces 1-4 were obtained

I samples
to UV ligt respectively, in order to form CCP:0O.
The absorption of CCP:00 remained constant after

8 s ahd resembles trace 4). Lo

after 2, 4, 6, and 8 s exposure of CCP




49.

0.66 . ,
0.64
0
n
v
£
8o.62
f|
0
"
ol
¢ 0.60
0.58 — ! ' — .
0 100 200 300 400 500 600
' td(m)

Figure 4.2 Absorbance change at 414 nm due to the reaction ot
’ . 2.5 uM CCP:CO with ferricytochrcmo ¢ in 0.0l M
C ~ phosphate buffer pH 7.0, under 1 atm CO. '
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7 ' Figure 4.4 Semi-log plot of the data in'Figure 4.2 for the

k reaction of horse heart ferricytochrome c and
CCP:00 over the first 30 s. This corresponds to

" ~i0.9 half lives of the fast phast (k'' = 2.0 x

1072 571, Table VII).
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Table VII: Rate Constants for the Reaction of Ferricytochrome c’s

&
€ - » -
1

&_: . - ¥

with CCP:CO at 1 atm CO2.

v g R Sy FET pet R

'Ferricytochrome kit x 102 b k! x 103 ¢ .
‘ C " (s7Y) (s-1)

Yeast 3.0 + 0.8 ’ 3.0+ 0.7

Horse Heart 2.0 +0.2 . 1.3 + 0.5 °

«

2. 0.01 M phosphate buffer pH 7.0, 18 + 0,5°C, [CCP] = 2.5 uM, a 13%

\

transmittance ND filter was present.
brc At 1 atm CO, biphasic kinetics are observed and k!" and k!! refer to

the rate constants of the slow and fast phase, respectively,
. - ’
—
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4.2.1.2 Temperature Dependence of the Reaction Rate of Horse Heart

Ferricytochrome ¢ with CCP:CO.” - Y
3

. q
The temperature dependence of the reaction between horse.heart
L v '

ferricytochrome ¢ and CCP:CO was s}udied in 0,01 M phosphate buffer, pH

7.0, from 6.5°C .to 32°C. Absorbance change with time was analysed

° . ) - ~ )
according to section 2.3. At each temperature, the ubsorbance change

o 4

was found to be bi

asic, over the temperature range studied. As can bg

seen in Table VIII, the Nate constant for -the fast component (k') was

independent of“ the temperature. The average qalﬁe of k!l is

6.2 = 0.4 x 10-2 g1, fhe slow component, however, increased linearly
. . 1 .

with temperature (Table IX). Thermodynamic parameters for thig .

component were dgtermined using the Eyring exéressioq:m N

v -~

In kI/T = 1n k/h - AH*/RT + AS*/R

where k = Boltzmann’s donstant, h = Planck's, ceonstant, T = asbsolute
\

téhperature, AH* = enthalpy of activation and AS* = entropy of

activation. "y ’ %

The Eyring expression predicis ‘that a plot ‘of 1ln k!/T versus 1/T

will be ¥linear and the slope and the intercept will yi;ld tht enthalpy

end entropy of activation respectively. The data -in 'Table 1IX are‘

c© M ‘e
plotted in Figure 4.5 and: a straight line with a correlation coefficient

e

of 0.990 was obtained. The enthalpy and the entropy of activation are

-

6.4 Kcal mal-! and -47 e.u., respectively. It should be noted. that in
" b d

the above mensurements no ND filters weqf‘uscd, however a 290 nm cut-
off filter as well as a 460 nm shortjpas;.filter were present. - %
' ~ . 1'

-

~

-

1 -8 ¢ B ) . . T
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Table VIII : Observed Rate Constants (l;”) for The Fast Phase of the:

- ° -
.

Reaction Between Horse Heart Ferricytochrome)c and CCP:CO.

versus temperature at 1 atm CO2. . —
T . ' kit x 102
(°C) (s71)-
— " =
6.5 . 6.02 '+ 0.02 ' : '
9.2 6.69 + 0.007 '
i -
17.0 5.50 + 0.02 ‘ Lo
Q .
20,0 S B.T+0.005 - -
. . f )
25.0 © .} 5.9+ 0.05
32.0 . 6.3 + 0.04 3 C
) cy . -
1 - » )
) — 7 = .
. 2 0.01 ¥ phosphate buffer pH 7.0, [CCP] = 2.5 uM; an ND filter was not ~
. i lised ‘ ~ ‘ |- . .
u ~1 1zed. .
’ . -
‘ i .( /. / ) -‘
N s i ) / !
. I 4
VAN )
. <
4 [ .
¥ ) . '
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Table IX: Obsefved Rate Constants .fpr the Slow Phase of the Reaction

Between Horse Heart Ferricytochrome ‘¢ and CCPT€O versus

temperalture at 1 atm CO2.

‘ _— k3
S - * N
T k! x 103 1/T x 103 In(k! /T)
B
” ’ “
(°c) (s=1) ' (K1) -
‘ ) Y]
6.5 : 2.8 + 0.5 3.58 ~11.55
9.2 3.5 + 0.4 3.54 -11.30
. 3! g
17.0_ " 4.5 +-0.1 3.45 -11.07
20.5 . 4.7 + 0.1 A1 ~-11.03 N
25.0 6.1 + 0.3 3.36 ~10.80
32.0 8.3 + 0.8 3.28 . -10.51
a Refer to footnote to Table VIII . '
. )
: . '1/ -
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Temperature depengence' of the observed rate
constants for the slow phase of horse heart
ferricytochrome c .an"d CCP:CO reaction in

0.01 M phosphate buffer pH 7.0, gnder 1 atm CO.
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Table X: Activation Parameters for CO Dissociation from Mb:CO,

and HRP:CO@
Protein ‘ AH* o ) AS?*
Kcal mole~? . e.u. -
MY . _%\/ 25
HRpPc:d 34 38

@ 0.01 M phosphate buffer pH 7. The‘values of k were taken from the

literature.ln(k/T) versus 1/T were plotted for the CO dissociation ra%-:

constant from Mb:CO and HRP:CO. The activation parameters for the €O’

dissociation reaction were‘calculated from the slope the and the

intercept of the first order fit to the data points for reépectivg
protein.

bWittenberg et al., 1967
CWittenberg et al., 1965 '

" dColetta et 'al., 1986 found that AH? is equal to .27 kcal mol-! for

HRP:CO thermal dissociation at pH 7. 0
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' ‘4.2.2 Reaction of Yeas% Ferricytochrome ¢ with CCP:CO at 1 atm CO.
Yeast ferficytochrome ¢ was reacted with CCP:CO in the presence of
13% transmittance ND filter in 0.0i M phosphate buffer, pH 7.0, at
18 + 0.5°C to vyield the reduced cytochrome ¢ and oxihized CCP. This
reaction was‘also monitored .at 414 nm. In. Figﬁre 4.6, absorbance
changes due to the: above reacti?njversus‘time can be seen, using a 13%
transmittance ND filter. The end of the reaction was determingd'by
obtaihing.a peék at 416 nm corresponding to C!! of exactly the same
concentration as C!!! originally added to the cuvette. Data analysis
according to section 2.3 revealed biphasic kinetiés (Figure 4.7 aAd 4.8)
and the magnituqé of the rates are given in Table VII.

.

4.2:3 Reaction of Hérse Heart and ?east Ferricytochrome c’s with CCP:CO

~at 0.1 atm CO.

Reaction of horse heart ferricytqchrome ¢ with CCP:CO was.also
‘mea;ured at 0.1 atm CO, in 0.01 M phosphate buffer, pH 7.0, at 18 +
0.5°C, using 4\13%\ iransmittanceﬂND “filter (Figure 4.9). Absorbance
changes versus time w;re analysed as éreviously explained in Section 2.3
and were found to be monophasic. The rate constant (k!) was the same as
kT for this reaction at 1 atm CO éTable XI). The reaction of yeast
ferricytochrome ¢ with CCP:CO ‘unAer'O.l atm CO (Figure 4.10) was also
found to be monophaéic. However, the raté constant k, in thié instance
(Table XI) was found’to be the intermediaté befween k! and ki! for yéast

1

cytochrome ¢ in Table VII.

RYIPLE
]

?
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Figure 4.6 Absorbance change * at 414 nm due to the. reaction
1}

of yeast ferricytochrome ¢ with CCP:CO in 0.0l M
phosphate buffer pB 7.0, at 18 + 0.5°C, under
1 atm CO. '
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Figure 4.8 Sémi—ldg plot of the data in Figure 4.6 for the
reaction of yeast ferr.;it:ytochrome c with CCP:CO
over the first 30 s. This corresponds to 1.3
half lives of the fast phase (k' = 3.0 x 107 ™+

’

Table VII). R
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' Figure 4.9 Abscrbance change at 414 nm due to the reaction

of herse heart ferricytochrome ¢ with CCP:CO
versus time in 0.01 M phosphate buffer pH 7.0/ at
18 .+ O.Stc,' under 1 atm CO..
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Table XI: . Rate Constants for the Reactions of Horse Hedrt and Yeast

Ferricytochrome c’s with CCP:CO at 0.1 atm cos.

Ferricytochrome  k x 102 k! ox 108 ®

c (st L (s7Y)

yeast 1.0 + 0.06 - \ ’

horse heart - 1.5 + 0.4 )

LI

.3

2 0.01 M phosphate buffer pH 7.0, 18- + 0.5°C, [CCP] = 2.5 uM, a 13%

transmittance ND filter was present.

>

%

4

bThe Rate Constant for the reaction of horse heart ferricytochromé ¢ is

- .

the same as k! in Table VII and therefore algo labelled k. °
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Figure 4.10 Absorbance éfuange at 414 nm/for”the reaction of

yeast ferricytochrore c with CCP:CO vepsus time
in 0.01 M phosphate buffer pA 7.0, at)18 + 0.5°C
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5;2.4' Thermal Dissociation of CCP:CO in the Presence of Yeast and Horse

Heart Ferrocytochrome c’s Using NO as a Trap.

Rate of CCP:Cb"dissbciation was measured in the presence of
Ferrocytochrome c’s u51ng NO as a Trap. The CO pressure was 0.05 atm
and ,the reaction was performed in 0 0l-M phOSphate bufffg, pH 7 0, at
17 hs 0.5 C. The\reactlon is assumed to have occurred-as follows:

C!1 + CCP:COg——=CI1:CCP:CO

CII:CCP:éO 4+ NO ——————=CII:CCP!!:NO + CO
Figdre 4.1]1 shows the absorbance changeé due to CO dissociation reacfion
in the presence of yeast ferrocylochrome c¢. It was found that CCP:CO‘
dissociation ih the presénce of yeast féfrocytochrome c- foilows
monophasic kinetics. Simiiar results wére obtained wherr horse heart

ferrocytochrome ¢ was present. The rate constants for the respective
' s

reactions are reported in Table XII. It should Be noted that ND filters

were not used in this section. -

.;r | .
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Figure 4.11 Absorbance change at 414 nm due to CCP:CO
thermal dissociation in presefxce of yeast
' ferrocytothrome ¢ versus time in 0.01 M
phosphate buffer pH 7.0, at 18 + 0.5°C,
under 0.05 atm CO, using NO as trapping
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. e
* Table XII: Thermal Dissociation Rate Constants for CCP:CO in the

& - - ,

Presence and Absence of Ferrocytochrome c, using NO as a

- Trap.?, » ) . ‘s ’

a

~7

Ferrocytochrome . o kT x 103 '
- ( .
’ c . o (s71) .
\4‘ L .
. ~ : v
horse heart’ . TOB.3 + 0
, - .
yeast | 6.6+ 0.5 =
|
none ' : 5.9+0.7 . . / '
~ N\
Is . «
3 - . --
-, \ o - R
20.01 M phosphate buffer pH 7.0, 18+ 0.5°C, Pco = 0.05 atm) no ND
(. ' ' ‘ ’ :
-~ filter was utilized. Pwno = 0.1 atm, [CCP] = 2.5 uM. | '
‘, [ 4
_ \ \ .
pa \J ’ <
- ) ' :
- L M #
: . & ‘ \
Ly P
/ 'j ,
5 \ -
N br\ \ )
< d g. '
\ ’ , N
, . |
. < - . .
) ' ? « - : . s '
' -~ ' L] ~ -
'
Q

N
3

1

R
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< , ¥
e for this reaction show a distlinct_,c{ifference from those reported for NG

v ?

@ ’ k
4.3 Discussion
L

" 4.3.} Reactions of Horse Heart ~and Yeast Ferricytochrome ¢ with CCP:CO,
} N ’

‘e

.{ at 1 atm CO. _ )
| .-Heécti'ox}s of horse‘\\};eart and yeast t;erricytec;'xro;ne'c’s“with the h B
CCP: CO j:ompiex were:\fo to be biphasic at 1 atm CO, 18 + 0.5°C (Table
' . \j -
VII). The slow wrate ons't‘:ant for , the reaction of ho;‘fs\e heart
4 f:erric’ytochrome c was ‘found to show /‘a linear inctease with temperature

e

> over the range of 6.5 to 32.0°C (Table IX). Thé activat‘ion paramejéfs‘\ !

* \I e a

T th‘:;CO and HRP:CO thermal dissbociation (Tablev )i). However, the values
; . .

found here a?re' s['ijilar to those’ reported for the dlrect electwpbn

1 4

transfer between/fe uced CCP- and’ o>$1d1zed cytochrome c (Cheung et al

A 1988). The/'étter study gave the following 'results! AH? ='4.6 Keal -

o , . ) 4
¢ mel-l, and AS* = —46 e.u. The results: cbtained ig this study. are AH*¥

[ LY s .

= 6,4 keal mol-! and AS* = -47 e.u. The discrepancies in the values may .
{ke attributed to ‘the difference in the spin state and the-coordination
. of ‘the iron 'iﬂa two reactihons. In unligated CQP” , the iron etOm is

} ‘ hlgh spin and fn?e-coord:mate as showri' fr&h resonance Raman studies =~ .
(Smulev1ch et al.;, 1988),» whereas ¥in ccp:Co the iron atom is'six- .
4 L

coordmate and 10w spm e I@ both reactions the product is CCP.’“ which

is f1ve—coord1nate, ‘1gh spifis Thus, ox1dat10n aof CCP:CO requires a
change in the spm and llgatlon states 'bf the iron atom  which'is

¢ - . :
gxpected to :mcrease 'Ehe AH' for the electron transfer. The slow rate '

3
. constant is assumed to be thé'rate of the electron transfer between the

horseaheart ‘ferricytochrome;c anql CCP:CO. T -
: » )b‘ t ~ .
1] B ; “ . -
. - P ¢ e
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. It is’ assumed that the fast rate constant of the ree;ction of yeast ¢

with CCP:CO is 'also the electron transfer. Electrqn transfer between °

I3

’ r * o
yeast C'II  and CCP:CO is expected to be more rapjgl than the electron

transfer between horse heart C!'!! and CCP:CO since ;h% rates of the

)

electron transfer between CCP'! and C!'!! from horse heart and ycast are

’

0.23 s! and 1.7 s-1, respecg)ti\‘ely (Cheung et al., 1986).' Thus,
assigning k!'! and k! in Taple VII tb the reduction rates, of yeast C'!!
’ ' . o \ .
and horse heart C¥!! respectively, by CCP:CO is not unreasoneble

However, we do not “know the natlhg of the slow phase in Flgure 4.6,

which lﬂ(e the fast phase for the hqrse G’“ reaction with CCP:CO

*2), is the minor component. \

¢ .
\'\ . “~ - Tt

~ ' L. . -

4.3°2 TReactions of Ferricyjcochrdme c’s with CéP:Cé) at.O.l and 0.01 atm

.CO.. : , /

@

The rate for the reactlon of horse heart ferrlcytochrome C was

(3

~"

- was similar to that‘reported for the slow phase (major compbnent) at 1

. . . { )
atm CO. Furthermore, . the observed trace for the absorbance incre&e‘ at

L)

- [y

"414 nn (Figure 4.6) was essentially monophasic. ° - v ’

The, yeast ferrieytochrome c reaction yielded simjilar results at 0.1

and 0.01 atm CO. Only the fast or major component observed at 1 atm CO
appeared at lower Cco . px:essures./ For both cytochrt;mes, the rate
N « ( R v

constants observed at low CO pressures are similar to those assigned, in

»

the previous section to the electron transfer - froxllX CCP:CO to the
oxidized cytqchrome e . s \

— r .

measured at 0 1 and. 0.0l atm CO and the magpitude of the rate constant *

o

‘

7

.
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4,3.3 Thermal Dissociation of CCP:CQ in the Presence of Reduced Yeast
. [y *

and H:rée Heart Cytoéhrome c’s Using NOyag a Trap.

The rate constant reported for CCP:C0 dissociation iiithe presence
of ;educed yeaét and horse heart cytochrome c¢’s (Table XII) are fpﬁnd to
be similar- to those /repg;ted for CCP:CO dissociation in the absence of

cytochroj‘{c. . These resuits suggest that the binding of reduced

-

i

cytochrome c -does not have a significant effect wupon the CC?:GO,

. ¢
dissociation process.
- 8
k] \ -
Al r -
i
? \
N
’ » ,
L
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° concLUsIoNs @ f T .
1. TRermal dissociation.rates of CCP:CC and HRP:CO w;re measured in
0.01 M phosphate buffer, pﬁ;Z.O, at 18 + 0.5°C,, using NO ‘and H202 as
trapping aﬁents. The absqrbéﬁée change was monoph§§ic at 0.1 atm CO and
bippasic at 1 atm co' f;r both” pe;pxidases. These results provide
kineticlévidence for the presence 6f a single CQ conformer (Form I) at
‘0.1 atm CO and thg appearance of a nhew 60 conformer (Form II) at 1 ;tm
CO for HR?:CO and . CCP:C0O, originally reported by Evangelista—Kirkup-et
, al.,'1986 and Smulevich et al., 1986, respectively. Only a single‘fate

constant could be measured for alkaline CCP:CO dissociation (pH ‘8) which

is also in agreement with the resonance Ra&an and infrared data.

2. At high phosphate concentration (0.1 M, pﬁ‘B) the fresh CCP:CO'

Hissociation rate con;tant was ~ 3—-fold higher than that for moderately
' aged CCP:C0O0. This does not correspond to the res?lts of Smulevich et
al., 1986 who reported ‘éhat,the acidic—alkaline transition bf\the co
conformer was‘;nhibited at high phoséhate concentrations.

3. Reactioﬁs of horse heart and yeast 'cytochrome c¢ with CCP:CO
‘complex were also founq to be biphﬂgic. The activa¥ion parameters for
the slow component of the reaction of herse heart cirt w{th CCP:CO: AR*
= 6.4 Kcal mol“lﬁ and AS* « = -47 e.u. are¢ similar to those reported for
’direct eiectron transfer between CCP!! and horse heart C!!!, (Cheung et
al., 1988)\ Hence, the slow rate constant (1.3'x 10-3 s-1) is assumed
to be the electron transfer rate between horse heart C!!! and CCP:CO at

" 1B i' b.5°C. For the corresponding reaction‘hftween yeast CI!I! and

i

CCP;QO at 18 + 6.5°C, thé major electron transfer rate cohstant,is 10

.t : [

: \ \ - 3
v . - N
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fold faster (3.0 x 102 §-1). This is in aécordance with the direct

#

electron trdnsfer rate meéSurqd between CCP!!! and horse heart and yeast

cytochrome ¢’s (Cheung et al., 1986). However, the nature of the minor
component in the reactions of cytochrome ¢ with CCP:CO at tﬁis stage is
. &

not clear and further investigations are necessary to clear this part of

0

the study. At low CO concentrations only a single electron transfer
. t
rate was observed between ~respective ferricytochrome c’s and CCP:CO

which is'similar to the magnitude of the iajor electron trénsfer rate

constant at 1 atm CO. - )

“
i '

4. Measurements .of CCP:CO ‘dissociation in the presence and, absence /

: . |
of reduced horse heart and yeast cytochrome c’s, using NO as trapping

égent indicate that the binding of the reduced cytochrome ¢ does not °

affect‘the CCP:CO dissqciation rate.

- 5
- R
2 -2 1

N




SUGGESTIONS FOR FURTHER EXPERIMENTS

Ed
'

1. NO is known to. bind to ferroperoxidases (Mims et al., 1993;

4 )
Yonetani et al., 1972) as well as to ferriperpxidases (Tamura et al.,:
1978). As discussed previously cytochrome binds to peroxidases in
solution at Qérious ionic strengths (Cheung and English, 1988).

|

Therefore, cytochrome ¢ is ,expected "to also bind to CCPI!:NO and to
CCPII1:NO in solution. Mogchan and Nicholls (1971) found that the rate
of H20: reaction with CCP remaiﬁed unaffected 'in the pre;ence of
cytochrome c. Therefo;e, it is reasonable to assume that the presence
of cytochrome ¢ would n9t interfere with NO ligatién to CCP!1, If our
predictions about the NO ligation fo the peroxidases, in the presence off\\
cytochrome, mentioned above ére ‘true, then it would be Leneficial to

determine: the activation parameters of the reaction\of ferricytochrome c

w;th CCP!1:"NO in 0.01 M phosphate buffer, pH 7.0. Since NO geacts with

both reduced and oxidized form of cytochrome ¢. peroxidase, it may be

possible to measure AH#/and AS* of the intramolecular electron transfer
/

in CITI/CCPIT:NO. Under these circumstances, the ' spin state and the

cdordinate number of the iron in CCP may remain constant, because NO

does not ’dissociate from CCP in any redox state. Comparison of AH?

o

and AS* of this readtion with those reported in Chapter 4 (for

Cl111/CCP'1:CO), may reveal the influence of the change of spin state and

2

of the coordination number of the .iron upon the magnitude of

intramolecular electron transfer reaction ' in C!I!/CCP!T. It should be

o

noted that NO is known to bind .to .horse heart C!!T in solution (Kon, |

°

1969). . However CI!!! (horse heart) has lower affinity for NO than

4 N

; ) |



o
©

cCpIrl, Therefore it is recommended to measure the intramolecular
electron transfer in CXII/CCPII:NOIat very low NO concentrations .;

“ (¢ 1 uM). Under these conditions NO bindiﬁg to ‘ho}se Cii! . may be

3
.

negliéiblé and NO may remain bound to CCPII!,
.2. Comparison of CCP:CO *and HRP:CO thermal dissociation réte
constanis at 0.1 and 0.0l atm GQ, in the presence and absence of ND

filters (Tables III and- IV),: suggested that there may be some error

introduced in the magnitude of . k' due to some photoassisted

»

'diséqciatioﬁ. In Chapter 4, the  activation parameters'éf the §wa
\ . .

component of the reaction oﬁ“horse'ﬁéhrt Cill  with CCP: CO Q*re reg}rted
in the absence of ND filters. Therefore photoassisted dissociation
might have alsohintroduced some error in the maghitude of the activation

parameters. In order to determine the exact values of AH* and AS*, it

is recommended to study the reaction of hérse heart CII! with CCP:CO in

v ’ the presence of 3 13% transmittance ND filter. .
? I3
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