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t. Iniroduction

Interaction of carbon monoxid : witt cytochrome
Fysqy has been studied by photodissociation of the
microsomal cyiochrome Pysn— CO complex and the
kinetics of recombination of reduced cylochrome
Peq with CO {1}, and by stopped-flow recording of
carbon monoxide binding to bacterial rednced cyto-
chrome Pysq [21. In these experiments, flash photo-
lysis and rapid mixing technigues have respectively
been used to determine eguilibrinm and kinetic eon-
stants of such fast recoinbination and combination
reactions.

In the caze of mierozomal cytochrome Pysq, com-
plex Kinelic resulis have been observed with at least
two phases, one fast and the other slow. Soms years
ape a similar reaction between hemoglobin and car-
bon monoxide was studied in this laboratory {3] at
lovw temperatures 1o make easier the resolution of
the well-known concurrent fast and slow reactions
and iheir kinetics were followed by a spectrcphoio-
meter of ordinary speed of response and sensitiviry.

This first repori describes resulis obtained at se-
lected low temperatures for the reaction beiween
liver microsomal cytochrome Fas5n and carbon mo-
noxide studizd by stopped-flow, and demonsirates
that the binding occers in 8 manner basically similar
1o binding in ordinary conditions, opening the way
i the study of gytockrome Pyepy at low temperatures
including by ilash photolysis now nnder investigution
in this laboratory.

* Number 1 of 2 numbered series.
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2. Materials and methosls

2.1. Preporarions

Liver microsomes were prepared from phenobar-
bital treated rats according to the method of Ermster
et ai. [4] afier perfusion of the Hver with coid 0.9%
Nall “Fy5q subparticles’ were obtained by the meth-
6 of Nishibayashi 1 21. [5] and stored within 1
month frozer at —20° in conceniraied suspensicn
{zbow 40 mg/ml in 0.05 M phosphate buffer pH =
7.5 containing 25% glycerol).

Cytochrome Pyspy was fusther isolated and purified
using the method of Mitani {61 except that the am-
moninm sulfate precipitaticn was replaced by a chre-
matograshy procadure which will be published later
(C. Balny, personal communicaiion). The preparation
of isclated cytochrome Py contained 10—15% cyio
chroms Fyzp and was stored in a 0.02 b Tris buffer
phl = 7.5 —eihvlens glycol mixiure (volume ratio
50:30) at —20°.

2.2. Spivents

The solvent used was 3 0.02 M Tris buffer pii =
7.5 — ethylene ghycol mixture {volnme miio 50:50,
freezing point —45°%), the pH of which at room and
at low temperalure was evaiuated elsewhere [7].

Cytochrome Pysqy was reduged by few mg of sodi-
nm dithionite at room iemp. and kept before use in
a closed syringe a1 0°.

Solutions of carbon monoxide wers prepared by
addition of gefinite volumes of buffer saturated with
CO at 20° under 1 atm of pressure {[CD1 = 103 M}
to 8 mixture of buffer and ethylene glycol, both hav-
ing been previously deoxygenated and reduced with
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—0 Na,5850y. The final volume ratio of the mixtuie is
30:50. '

PR

‘ 2.3. Apparaius
| \\ ! | | The stopped Illow apparaivs adapied for sub-zsro
\ . ; . temperatures was alyeady described [8].
|

™
0.8%

b i ‘ J Static spectrophotometiic measurements were per-
! i formed ona Beckman Acta IlI type spectzophoto-
Pt » - meter. The reference and sample cuvettes may be

; ‘*\.,;\N thermostatically controlled to the same temperatnre
A0msez il {between 407 and —B0D") according to 2 procedure al-
— 1 e—0 ready described [9].
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| \ . % 3. Results
i =]

‘\ ; The reaction Fe2* + CO 'ﬁ* Fe2* —CO was fol-
|

Fig. 1. Kinetic iraces of the carbon monexide binding 1o fer-
rong i=nlaied cytochrome Pase. The vertical arrow jndicates
the stop of the Now. The final transmission is indicated by
the horizontal arrow. For experimentz] procedure see Mater-
jals and methods.A) t = 20°. [C0] = 1.83 % 1075 M. The
initial conceniration of ferrous cyiochrome is 1.32 % 107 M.
B)i=—19°. {CO] =4.15 X 10~ M. Same conceniration of
reduced cylochroms.
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Fifa 2. ’P.seudo-:ﬁrsi—o:der Flots of the carbon monoxide binding to fenous cytochrome Pa,y. A A, and A Arate xespectively the

changes in absorbance at thme # and nt infinite time, {CO] = 1.85 X 107> M and lhe inilial concentration Sf cytochrome is
132X 07T°M. D= 207:Dt=0 3) t= 19,
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lowed by decrease in transmission at A = 2450 mm
after mixing Fe®* with a CO solution, the concenira-
1jon ©f which is always higher than that of F&2* and
may be considered as crnstand during the reaction,
Fig. 1 shows kinetic traces obtained at 20° and —19°,
As shown by a semi bozarithimic plot of the change in
absorbance versus time {fig. 2) the reaction iz mono-
phasie, the rate constant & depeading on the CO con-
ceniration by the expression & = &, [CO] + &_; (Eqg. 1)
Theeretieally, the use of different "D concentrations
allows to caleulate both 3 and X_; at cach tempera-
ture. Nevertheless ¥_ 4 is usually of the same order of
magnitude a3 k; [CO} and any error on & or [C0O]
values leads 1o a great error on Xy and X values. In
fact, resulls oblained by varying the CD concentra-
tion were spmewhat dispersed and it seemed more ac-
curate to obiain £_ 4 u1 different temperatures by the
static measurement of K¢ = k_; /%, . The saturation
curve pbtained wish isolated cytochrome Pysg at 20°
yiglds 10 K¢ = (1.4 2 0.2) 10~ b After each addi-
tion of saturating or not sglureting concentration of
CO at 20°, the difference spectrum Fe?” 0 minus
Fe?* was recorded down to —40° znd the saturation
curve was then plotted at different remperatures. The
saturation curve was alse ohisined by direct addition
of CD solution to Fe27 at low temperaturs, the fixa-
tion being within the response time of the apparatus
{zee table 1).

Both proepdures yielded to the same curves and
the dissociation constant K5 was found independent
of the tempsraiure (Kg = 1.4 % 100 M). Using this
value of Kg in Eq. (1), k; and X_; were celculated
and plotted as a function of /T (fig. 3). The activa-
tion energy of the combination rate constant &,is
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Fig. 3. Arrhenins plot of the rate conslant £, for the fxation
ef carbon monoxide 1o fersous evtochrome Pyep. The experi-
mental points refer to experiments performed the some day
using the same preparation of soluble cytocirome.

E=83 % 1 kealfmule. Since the dissociation consiant
K is independent of 7, AH = G for the overall fixa
tion of O and the activation energies of &, and k_;
are the same. Table 1 summarizes the valies obtained
for the different constants at several temperatures,

4. Discussion

Results obtained are in good agreement with those
reporied by Omura et al. by photodissociaiion on s
“clarified” suspension of adienal cortex microsommes
{1able 1). Howsver, the ve. - low value of Kg
{2 X 10~7 M) explains the discrepancy in k_, values
at +4°. Owmura and Sato {10] reported for liver micro-
somal cytochrome Fysp a higher value (3 X 105 M),
wiiich is very close 1o the Kg obtained in this work on

Tabiz 1
Temperature Ky E k 47 Kg an
MY secT) ikealfmole) {sec™™) I3 {kealfmnle)

20 108 R.3 14 14 % 107° 0

+4° 4.5 % in® 8.3 0.53 1.4 % 107° a3

4R *F 3.4 ¥ 10° - D.068 2 xi1o~? -

—26° 1.25 % 107 8.3 0.175% 1ax 0 o

~AG° 246 xap? *** 8.3 0.035 14 3% 10°° 0

*: Calenlated from & _4 = ::;15
Measured by Omura &t
s k, is extrapolated from the value of the activalion encrey E.

»k 9.
. [1] with adrenal conex microsomes.
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wolated ¢y tochrome Pysq (1.4 X 1076 M). Since we
found also Kg = 3 X 10~ -6 M with “Pyasp Particles”
bath in agueous buffer in the mixed solvent (Debey,
unpui)hshcd observations), neither the isolation pro-
cedure nor the organic solvent seem to change the af-
finty of the cytochrome Py 5, toward carbon monox-
id=. It can be seen that combination of static spectro-
photometric determinations with stopped flow tech-
mque, both used at sab-zero temperatures, yields to
interesting results on thermodynamic parameters.

The fact that AH = 0 is surpnsing when compared
with the AH of ~—10 ke¢al/mole observed with the
same reaction on various monomeric hemoproteins
such as myoglobins [11], but no good correlation
seems to exist betwecn free energy values and the
sttucture of the protemn or the electronic propertics
of heme fractions.

Over a broad range of temperatures the dissocia-
uca constant Kg and the activation energy do not
vary, Therefore cytochrome Pyg4 seems to undergo
no temperature dependent structural change, and
carbon monoxide binds to this proten at low temper-
ature and in the ethylene glycol—water mixture imn a
manner basicaily similar to binding in ordinary con-
ditrony

From a kinetic point of view, the monophasic com-
bination of cytochrome Py5, with CO observed in the
present case (fig. 2) 15 1n contradiction with the -
phasic kinetics observed by M. Waterman and M
Frankiin, quoted by J.A Petterson ana B.W. Gniffin
(2], but sinilar to the combinatiun Kinetics observed
on soluble bacterial cytochre me Pysp [2]

Fuither ez, periments at jow temperatures with hver
microsomal Pygq are planned to try to clanify such
contradicto1y results. Measurements made at wadely
different temperatures might n such a case make res-
olution easier, fus the rates of different reactions
would vary by amounts determined by their respec-
tive activation energies. Moreover, studies of the pho-
todissociation and of the kinetics of recombination
by flash-photolysis adapted to low temperatures and
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now in progress in this laberatory should help to con-
firm and complete the present results; -

1t iz clear that the low temperaiili¥ procedure 15
applicable to the study of reaction mechanisms in-
volving soluble and membrane-bound cytochrome
Pysp and should represent a useful contnbution to its
knowledge.
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