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Abstract

The autoactivation of tyrosinase acting on monophenols has been quantitatively characterised by a new kinetic parameter, the rate autoacti-
vation factor (RAF). This parameter is equivalent to the ratio between the initial and final steady-state rates of tyrosinase in its monophenolase
activity. The experimental RAF data fartyrosine point to a kinetic behaviour with respect to the monophenol and enzyme concentrations,
which coincides with the data obtained in numerical simulations of the kinetic reaction mechanism proposed for tyrosinase. Moreover, the
experimental data are also in agreement with the expected dependencies obtained from the analytical expression of RAF, as described in this
paper. These results establish the validity of the kinetic reaction mechanism proposed by us for tyrosinase, and confirm the melanogenesis
pathway described in text books: tyrosiredopa— dopaquinone-> dopa + melanins> melanins.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction dependence on pH and temperature have previously been de-
termined by our groufb,6]. We also demonstrated the regen-
Tyrosinase or polyphenoloxidase is a copper enzyme eration of D from Q by non-enzymatic reactions: intramolec-
widely distributed throughout the phylogenetic scale. It catal- ular cyclization reactiong/,8], the addition of watef6,9] or
yses the hydroxylation of monophenols (M)dealiphenols the addition of other nucleophilic reagefit®,11]
(D) and their subsequent oxidationdgauinones (Q), in both Understanding the non-enzymatic reactions of Q led us to
cases by molecular oxygégh,2]. The catalytic action of ty-  propose a kinetic reaction mechanism for the enzymatic ox-
rosinase on M is possible because there is a small proportionidation of M and D to Q catalysed by tyrosing4€,13] We
of oxytyrosinase oy, 2—30%) in the native enzynja]. initially proposed a simple kinetic mechanism, the numerical
The kinetic behaviour of tyrosinase is very complex due simulation of which was in qualitative agreement with the
to the contemporaneous occurrence of the enzymatic oxida-principal experimental results obtained for tyrosinfka.
tion of M and D to Q, on the one hand, and the coupled We later proposed a more detailed kinetic mechanism and de-
non-enzymatic reactions of Q on the otfig}]. The kinetic duced the analytical expressions for the steady-state rates for
constants of these non-enzymatic reactions of Q and theirthe monophenolase and diphenolase activities of tyrosinase
[13,14](Scheme L. Moreover, the effects onthe enzyme’s ac-
mpondmg author. Tel.: +34 968 364782 fax: +34 968 364147, tion kinetics were considered in the case of substrates which

E-mail addresscanovasf@um.es (F. GaseCanovas). evolve by rapid cyclization, such adyrosinet.-dopa[14], or
URL: http:/Avww.um.es/genz. by the slow addition of water, such ager-butylphenol/4-
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Nomenclature

auxiliary o-diphenol when the enzyme acts on
M
aminochrome
o-diphenol

Dreleased D released enzymatically when the enzyme

actson M

initial concentration of D
concentration of enzymatically released D in
the initial pseudo steady-state
concentration of D in the final steady-state,
mainly originated by the evolution of Q
mettyrosinase

deoxytyrosinase

oxytyrosinase

total concentration of enzyme

initial concentration of enzyme in oxytyrosi-
nase form
concentration of oxytyrosinase in first steady
state
concentration of oxytyrosinase in second
steady-state
the catalytic constant for the second steady-
state
The Michaelis constant for the second steady-
state

dissociation constant ofEy,M complex
(Ky=k_1/ky)

dissociation constant ofEyD complex
(K2=k_2/k2)

monophenol

initial concentration of M

o-quinone

ratio between the concentration of oxytyros
nase in the first steady-state and the total cgn-
centration of enzymeRpx1 = [Eox]ss?[Elo)
rate autoactivation factor in the action of ty}
rosinase on monophenols. Same as the rgtio
between the velocity of the final steady-state
(VS’\QZ) and the velocity of the initial steady state
(vM). RAFM = vMyvM

L-tyrosine

first steady-state rate of monophenolase actjv-
ity of tyrosinase
final steady-state rate of monophenolase actjv-
ity of tyrosinase

initial steady-state rate when tyrosinase aets
tyrosine

final steady-state rate when tyrosinase aets
tyrosine

lag period
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Scheme 1. Propose kinetic reaction mechanism of tyrosinase acting on M
and D, with the non-enzymatic reactions corresponding the evolution of Q.
Eq is converted tcEqx by binding oxygen (Q). Eox can either react with

a monophenol, M or with al-diphenol, D. In the case dEy reacting

with M, this evolves to D and may be oxidised to Q, generakggor be
released into the medium, generating, in tuEp,. If Eox reacts with D,

the corresponding Q is generatét}, can oxidise D, generating Q, and be
converted tdEy, andEy may bind to M generating the dead-end complex,
EmM. Spontaneous endocyclization of Q gives rise to dopachrome (Cr) and
D. Mechanism previously proposed by[dS8].

tert-butylcatechol[15]. All these data were compiled in a
review[16].

The validity of the kinetic reaction mechanism proposed
for tyrosinasd13], has been substantiated for enzymes ex-
tracted from a variety of fruit and vegetabld§,18] More-
over, the stereospecificity of tyrosinase from several sources
has been studigd8-20]and, using stopped-flow techniques,
the rate constant for thexinding toEg (deoxyyrosinase)
(kg), has been determing®1] (Scheme 1

It has recently been demonstrated that the transformation
of EoxM (oxytyrosinase monophenol binding complex) into
EnD (metyrosinase diphenol binding complex) afgM
(metyrosinase monophenol binding complex), with the re-
lease of D Scheme }, during the enzymatic formation of Q
from M contributes to the initial steady-state of tyrosinase
[22,23] while the regeneration of D in non-enzymatic re-
actions from (¥5,7,13] contributes to the final steady-state
of tyrosinasg22,23] Using gas chromatography/mass spec-
trometry, it has been demonstrated that D is released during
the enzymatic oxidation of M to 4], and that the quan-
tity of D released increases in the presence of an auxiliary
o-diphenol (A)[24]. These experimental results support the
validity of the kinetic reaction mechanism proposed for ty-
rosinasg13] (Scheme }, since they confirm the enzymatic
release of D from the tyrosinase reaction with M, in addition
to the non-enzymatic regeneration of D from Q.

On the other hand, some authors have proposed another ki-
netic reaction mechanism for tyrosing2&,26] (Scheme 2
which is really a simplification of our reaction mechanism
[13] (Scheme )L These authors have published numerical
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Scheme 2. Kinetic reaction mechanism of tyrosinase acting on M and D,
with the non-enzymatic reactions corresponding to the Q evoluEgris
converted tdEqk by binding Q. Eox can either react with M or with D to
give the corresponding @&, can oxidize D, generating Q, and be converted
to Eq. Spontaneous endocyclization of Q gives rise to Cr and D. No steps
describing the transformation BfxM to ED or of Er, to Ey\M are included.
Mechanism previously proposed by other auttjg&26,32]

simulations of their mechanisf@6] but have deduced no an-

alytical expression for its steady-state rate. Recently, other au-

thors have conceptually criticised the inconsistency of Mech-
anism I1[26], arguing that it does not satisfactorily explain a
wide variety of data obtained experimentally for tyrosinase,
at least up to 199f27].

Our group, in a recent publicatid@8], included new ex-
perimental data on the kinetic behaviour of tyrosinase, which
was compared with new numerical simulations of Mechanism
I [13] and 11[26]. This work[28] described our most recent
kinetic studies on tyrosina$21-24,29-31kmphasizing the
importance of the chemical reactions generated from Q an
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serted:
. _tyrosinase . .
tyrosine” —  dopaquinone-> dopa+ melanins
— melanins 2

based on an alternative reaction mechaniSthéme 2 It

was also indicated that the validity of this mechanism is ap-
parently supported by its qualitative description of the au-
toactivation of tyrosinase, or by the increased rate after the
lag period in the oxidation of NI32].

The object of this article is to quantitatively characterise
tyrosinase autoactivation by a new kinetic parameter, the rate
autoactivation factor (RAF). This parameter is equivalent to
the ratio between the final steady—stat@g(z) and the initial
steady—state\(s'\gl) rates of tyrosinas3] during its catalytic

M
activity on a particular M (RAM = %Sﬁmg). We shall study, the

oxidation of.-tyrosine (Tyr) Catalyséal by tyrosinase, thus ob-
taining experimental data of RAE, which will be contrasted
with the numerical simulations of both reaction mechanisms
(Schemes 1 and 2T he results will support the validity of one

or other of the reaction mechanisms proposed for tyrosinase
(Scheme lor Scheme 2 and identify the correct melanin
biosynthesis pathway which should appear in the text books
[32] Egs.(1) or (2).

2. Materials and methods
2.1. Reagents
L-tyrosine was purchased from Sigma (Madrid, Spain).

Stock solutions of the phenolic substrate was prepared in
0.15mM phosphoric acid to prevent autoxidation. Milli-Q

gsystem (Millipore Corp., Spain) ultrapure water was used

the analytical expressions of the steady-state rate equationdnroughout this research. The monophenol was purified of

[13,14]
The above worK28], which focused on critical experi-

possible contamination by the correspondidiphenol by
passing them through a column 1cm in diameter contain-

ments, helped to discriminate between the feasibility of each N9 29 of aluminium oxide suspended in 0.5M ammonium

mechanism. Thus, the following were considered: variation
of r (lag period) versusMl)]o, variation of st‘gl (the first
steady-state rate) versuMd]p, variation of D]ss1(concentra-
tion in thepseudacsteady-state of enzymatically released D)
versus M]o, variation of D]ss1 versus E]o and variation of

[D]ss1Vversus Ao (auxiliary o-diphenol concentration when

acetate pH 6.133]. This solutions were further purified by
Chelex-100 chromatography (100-200 mesH, fdam, Bio-
Rad) to remove traces of metal ions.

2.2. Enzyme source

the enzyme acts on M). The conclusion reached was that the Mushroom tyrosinase (3000 U/mg) was purchased from
experimental data agreed with the simulation of Mechanism Sigma (Madrid, Spain) and purified by Duckworth and Cole-

| but not with Mechanism 11.The melanogenesis pathway de-
scribed in text books:

. _tyrosinase tyrosina
tyrosine’ —  dopa’ —

— dopa+ melanins— melanins

se .
dopaquinone
1)

is supported by our reaction mechaniSuljeme L Recently

[32], it has been proposed that the text books are mistaken

man'’s procedurg84]. The enzyme concentration was calcu-
lated taking the value d¥l; as 120,000. Protein content was
determined by Bradford’s methd@5] using bovine serum
albumin as standard.

2.3. Spectrophotometric assays

Absorption spectra with a 60 nm/s scanning speed were

and that another melanin biosynthesis pathway should be in-recorded in an UV-vis Perkin-Elmer Lambda-2 spectropho-
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tometer, on-line interfaced with a compatible PC 486DX mi-  o0.08
crocomputer and controlled with the Perkin-Elmer UVWIN-

LAB software. Temperature was controlled at°Z5using

a Haake D1G circulating water-bath with a heater/cooler A 44g

0.002

Asto| Vet '=7.20Mss

and checked using a Cole-Parmer digital thermometer with a :001

precision of+0.1°C. Kinetic assays were also carried out

with the above instruments by measuring the appearance i

of the products in the reaction medium. Reference cuvettes 0.000 =035 a0

contained all the components except the substrate, with a
final volume of 1 ml. All the assays were carried out un-
der conditions of tyrosinase saturation by molecular oxygen
(0.26 mM in the assay mediurf§6]. The reactions were fol- RAF = 58.3
lowed at a wavelength corresponding to the isosbestic point
between the@-quinone and its corresponding aminochrome,

/ Tyr

with Aj =410 nm and; = 1819 M 1cm1. /. Vsso~ =042M/s
i
/ T
2.4. Kinetic analysis —_— ) // )
o 40 80 120 160
The kinetic analysis of the reaction mechanisms here pro- Time (s)

posed for the action of tyrosinase artyrosine led to the
derivation of their corresponding analytical expressions for Fig. 1. Experimental recording of dopachrome formation from tyrosinase

the first pseudo-steady-state ra@l and for the second acting on.-tyrosine. The pondmons were: 10 n_1M sodium phosphatg buffer,
teady-state rateM pH 6.0, 0.54 mML-tyrosine and 92 nM tyrosinase. (Inset) Experimental
S -

<s» respectively. These expressions Were recordings at short times.
obtained using a computer progr&f7,38] developed from

a previously reported matrix meth¢@b]. The experimental results for RAY show a parabolic in-

_ . crease with respect tM]o (Fig. 2. The same kinetic be-
2.5. Simulation assays haviour is observed in simulations of Mechanisnfig( 2).

Whereas, simulations of Mechanism Il point to values that
The simulation revealed the kinetic behaviour of the con-

centrations of the ligand and enzymatic species involved in

100 100
the reaction mechanisms here proposed for tyrosinase. The e  Experimental Data
respective systems of differential equations have been solved 4 Simulation Mechanism |
numerically for particular sets of values of the rate constants an | don Mechaniam Y a0
and of initial concentrations of the species of the reaction
mechanisni40]. The numerical integration is based on the _
Runge—Kutta—Fehlberg algorithfdl], implemented on a '-TJ_ 60 | {60 o
PC-compatible computer program (WH82). T -
>
L] —
2.6. Determination of the steady-state rates < Wr 1% 5
The formation rate of [QH]+[Cr] in the first pseudo- o0 | | 55
steady-stateyM,, and the second steady-statd, were
determined as described in a previous W@3].
0 . ' 0
0.0 0.4 0.8
3. Results and discussion [M], (mM)

When tyros|nase acts on M (terS”']e, Tyr), product for_ Flg 2. Experimental dataﬂ) and simulated data of the mechanisms of

: : Scheme 1(a) and 2 @) for the dependence of RAE vs. M]o. The
mation (dqpachrome, Cr) OCCUI’S_ aftera Iag permd:(g' 1)_’ ..., conditions were: @) 10 mM sodium phosphate buffer, pH 610tyrosine
from an initial steady-state to a final steady-state. The initial | iation 0.09-0.72 mM:; B]o=170.53nM. &) ki=3.2x 1P M5,

steady-stateHig. 1Inset) is defined by a rat@fsTsylr, tangential k.1=10.8s1, k=3.8x10°M~1s! k,=10s?, k3=300s7,
to the progress curve when— O (its determination was ex-  ks=3.8x10'M~'s™!,  k4=10s?, ks =125, ks, =245,

plained in a previous publicatiofg3]. At long times Fig. 1), ks=3.8x I°M s k =105 !,k =3005 %, kg =2.3x 10'M s,
he system reaches the final steady-state characterised by thig® - -07* 10°5 " kapp=15", [Mlo=0.1-1mM, _ Elo=10nM,
t y y YIN&.1=09 [Elo, [Esx]=0.1 [Elo, [O2]o=0.26mM. @) The same

=
steady-state raté{sg’zr. conditions as £) but withks=50s1.
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Fig. 3. Experimental data®) and simulated data of the mechanisms of
Scheme 1) andScheme ZM) for the dependence of RA¥ versus Elo.
The conditions were ®) 10 mM sodium phosphate buffer, pH 6.0, enzyme
variation 68 to 238 nM;¥1]o =0.18 mM. (A) The same conditions &3g. 2
but with enzyme variation 10—-100 nM and]o =1 mM. () The same con-
ditions asFig. 2 but with enzyme variation 10—-100 nM anill]p = 0.3 mM.

are practically independent oMo (Fig. 2). Additionally,
the experimental values of RA® show a hyperbolic de-
crease with respect td&]o (Fig. 3). The same dependence
is observed in simulations of MechanismHid. 3), but not
Mechanism Il Fig. 3).

3.1. Kinetic analysis: Mechanism |l

The catalytic cycle proposed for monophenolase activity
is (Scheme 2

M Oz

Eox & EoxM _Q) Eq & Eox (3
The first steady-state would act with the proportioneg§
existing in the native enzyme, for example it 10% of the
total enzyme is in the oxy formBpx]ss1=[Eox]o =0.1[E]o.
The quantity ofeyy during the second steady-state would be
equal, at most, to the total enzyme availatitgy]ss2=[E]o.
Thus [Eox]sszwould result from the conversion &, to Eoy.
This would provide a maximum value of RAY = 10, which
would be constant for any range &]p (Fig. 3). Moreover,
RAFY" ~ 10 with any variation in ]o (Fig. 2), since no
transformation stefoxM — EmD, no inhibition stepEy, +
M = EnM is considered$cheme ZersusScheme L

Therefore, the erroneous structure of Mechanism I
(Scheme 2leads to the numerical simulations showing a ki-
netic behaviour different from that observed experimentally
until 1999[27], until 2003[28] and with respect to the RAE
data Figs. 2 and B

39
3.2. Kinetic analysis: Mechanism |

The catalytic cycle proposed for the monophenolase ac-
tivity is (Scheme &

M
Eox = EoxM — Eox — M — (EmD)’
Oz
— EmD < Eq= Eoyx (4)
coupled to an inhibition pathway by M:
D M
EmD = Em= EnM (5)

The ED intermediate divides between the catalytic cycle
Eq. (4) and the inhibition pathway E@5), controlled by the
rate constantks, k_o, ko[D] andks, [ Eqox — M] (Scheme L

We demonstratefl4] that in the oxidation stages of D to Q
by En, the enzymatic forms are not in rapid equilibrium, that
is, ks > k_». At the start of the reactiorM] =[M]o, [D] =0,

ks > k_o andkz >k_», ko[ D]ss1 Which cause the transforma-
tion of a portion ofEyx to the dead-end compléx,M Eq.

(5) after a series of turnovers with a burst of formation of Q
Eq. (4) and the release of D E(B):

Eox > EoxM — Eoy — M

M
— (EmD) — EmD e Em— EmM

(6)

The existence of this process E@) is supported by
the release of D in similar amounts t&d] in the na-
tive enzyme, and thuByeleased< [Eox]o, at the start of the
monophenolase activity3,24]. Later, from this situation
[D]ss1=Dreleased< [Eoxlo, @ pseudosteady-state is reached
that satisfie&o[ D]ss1+ ks,[ Eox — M] = (k3 + k—2)[ EmD].

At the same time, an equilibrium is established in the in-
hibition pathway Eq(5) permitting the entrance of a por-
tion of [EnD]<[Eoxlo in the catalytic cycle, which pro-
duces Q Eq.(4). As a consequence of the partition of
[Eox]o between catalysis and inhibition, thEyf] available
for the first steady-state of the enzym&,f]ss1, is consid-
erably lower than theHgy] present in the native enzyme
[Eoxlo- Thus, for example assuming th&,k]o =0.1[E]o, it

is possible that theHyy] available in the first steady-state
iS [Eox]ss1=0.1~ 1[Epx]o =0.01~ 0.1[E]o. The quantity of
Eox during the second steady-state wouldBg]ss2>> [Eox],
[Eoxlss2 = [ E]g due to the conversion @y, to Eqx resulting
from the increase of}]ss1to [D]ss2 Moreover, it has been
shown tha{14] the quantity of D in the second steady-state
is:

ks, ka(k—6 + k7)

= oS M)

D
[Plssz 2kek7(k—4 + ks,)

7
This would provide values of RAF = 100-10, similar to the
experimental data obtaineBifs. 2 and  With the increase
of [M]o, the proportion ofqy transformed tdE,M also in-
creases Eq(6), with the result thatEox]ss1 decreases and
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Scheme 3. Structural mechanism proposed to explain the kinetic reaction mechanism of tyrosinase actikg, anéflyrosinase Eox, oxytyrosinasefy,
deoxyyrosinase; M, monophenol; B;diphenol; B, acid—base catalyBtead-end pathway, Mo, interaction complex betwedh, andM, E;,M1, nucleophilic
attack complex fronM to E. Oxidase cycleEnDo, interaction complex betweds,, andD, E,D1, axial nucleophilic attack complex from OH of C-4 to
Em, EmD2, diaxial binding complex oD with En,, EoxDo, interaction complex ob with Eqy, EoxD1, axial binding complex oD with Eqy, EoxD> diaxial
binding complex oD with Eyx. Hydroxylase cycleEqxMo, interaction complex o1 with Eqx, EoxM1, axial nucleophilic attack complex from to Eox, EnD3,
axial-equatorial hydroxylation complex from to D, Ey,D4, rearrangement complex with C-4 bond break.
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RAFM increasesRig. 2). With the increase offf]o, [Eoxlo

41

zyme can only accommodate the-2:m2-peroxo)dicopper

increases and this produces the release of more D to the(ll) intermediate and not generate free radicals because it has

medium and the increase dEf,D] (proportionally higher
than EnM]). Thus, the first steady-state has more active en-
zyme (i.e. higherfox]ss1andRox1) which implies lower au-
toactivation and RAM values Fig. 3). Moreover, the exper-
imentally observed behaviour of RA¥ and the simulation

of Mechanism | Figs. 2 and Bcoincides with the results of
the expression:

M M 2
RAFM — VL'\QZ — kcatzKl[M]O + kCﬁtZ[M]O
Vi 55 (KM, + [M]o] [E]oRoa
_ a1[M]o+ az[M]] @®
(1 + [M]o] [E]oRox1
wherek('g"atz is the catalytic constant for the second steady-

state,](n'\f2 is the Michaelis constant for the second steady-
state, K1 is the dissociation constant d&,M complex
(K2 =k_2/k2), ko is the dissociation constant &,D com-
plex (k2 =k_2/ko) andRox1 = [Eox]ss¥[E]o- This equation is
deduced from the analytical expressionygflandvs"gzpre—
viously reported Eqg1) and(5) [23]). The kinetic constants
included in thex1, @2 andB; parameters have been described
in the Appendix A

3.3. Structural reaction mechanism

A possible structural interpretation of the kinetic reaction
mechanism described 8cheme 1s given inScheme 3The
monophenolase catalytic cycle stages @yand the inhibi-
tion pathway by M Eq(5) are briefly described. Thus, the
Enm form is attacked by the OH of C-4 of M, transferring its
proton to the base (B) and producing an inactive dead-end
complex,EnM (Scheme B The Eyy form is active on M
and is attacked by the OH of C-4 in an axial orientation, the
proton being transferred to the peroxi@&]. Now, M is hy-
droxylated at th@rtho-position by the electrophilic attack of
the equatorially bound oxygen. To make itself accessible to
such an attack M must turn, in order to generate D. During
this step, the D produced is axially-equatorially bound and its
molecular orbitals are not coplanar with the copper. It cannot
therefore be oxidised in a concerted way and must reorien-
tate itself to the oxidation positiojd3,44] Tyrosinase does
not carry out the oxidation of the phenol to a radical becaus
it employs the f-n2:m2-peroxo)dicopper (ll) intermediate
to accomplish the aromatic oxygenation reaction of phenol,
maintaining the distance of the copper atom a8 She en-

e

a lower oxidation potential than the copper complex, bis(
oxo)dicopper (lll), supported by the 2-(2-piridyl)ethylamine
tridentate and bidentate ligands, which generate phenoxyl
radical species with a phenol substrgt®]. This adjustment

of the oxidation position may involve jumping from one of the
coppers to the other and renewing the attack to achieve diax-
ial coplanarity. The intermediate bound to one copper only is
more labile and so D can also free itself from the copper. This
does in fact happen and its release has been demonstrated by
GC-MS|[24], an observation that supports the operation of
the inhibition pathway of tyrosinase EdS) and(6).

3.4. Consequences of this reaction mechanism of
tyrosinase

The lag period of the monophenolase activity whose ori-
gin is mainly due to the inhibition pathway by M with the
enzymatic release of D Eg@l)—(6)is eliminated by the non-
enzymatic accumulation of D formed from Q in the reaction
medium Scheme L The enzyme inhibition pathway by M
acts as a brake on melanogenesis 6. since very little
enzyme can acy1, Eq.(4), Fig. 1inset). This delays the
process until the non-enzymatic reactions from Q regenerate
more D §cheme }, which recruit enzyme from thg,M pool
towardsE,D Eq.(5), Fig. 1, lag period) and a second steady-
state is attained~{g. 1). This originates a high autoactivation
orincreased rate fromthe initial to the final steady-state (RAF,
Figs. 1-3, which can be explained by the corresponding an-
alytical expressions E(q8). This paper, then, supports the
reliability of the reaction mechanism proposed for tyrosinase
(Scheme }, as well as the correct pathway of melanogenesis
Eq. (1) currently described in text books.
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Appendix A

Akoks, ks,kak7(k—6 + k7)K1K>

a1 =
[2ks,kek3(3k—_2 + k3)(k—a + ks,) + 2kokskak7(ks, + ks,)(k—6 + k7) K1 + kokaks, ks, (3k7 + k3)(k— + k7)K1]

Akoks, ks,kak7(k_6 + k7) K2

a2

 [2ks,kekZ2(3k_2 + k3)(k_s + ks,) + 2kokzkak7(ks, + ks,)(k_6 + k7)K1 + kokaks, ks,(3k7 + ka)(k_6 + k7)K1]
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2k7ks,[kek7(3k—_2 + k3) + koka(k_p + k7)|(k—a + k5,) K1

B1
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