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Using multivariate linear regression approach, publicly available applications have been
developed in Gauss 4.0 package for calculation of the kinetic parameters and their dispersions in
the cases of simple Michaelis-Menten type and the bi-bi ping-pong type enzyme kinetics. The
methods of derivation of corresponding equations of stationary kinetics, their linearization and
derivation of analytic forms of kinetic parameters and their dispersions are presented.

Stationary kinetics — bi-bi ping-pong — multivariate linear regression —
kinetic parameters — calculation

Uhpwntiny pwqUwswih gdwihu ntgnptuhwih Unintgnidp Quinu 4.0. |Egyny hwupwdwwngtih
Spwantp B Jowyyty wwnpg Uhpwthu-UBlnbu W ph-ph whug-wnug  wnhwh  $EpdtUnwhu
yhubwhywutph Yhubnpywywl wywpwdbunptnh W npwug nhuwGpuhwubph hw2dwnpydwl hwdwp:
Lbnywjwgyt) U unnwghnuwp yhubnhywih hwdwwwwnwupiwl hwjwuwnnwduGph nnipu pepdwl,
npwlg géwjlwgdwl W Yhubinpjuwywu wwpwdbinpGph W npwug nhuwtpuhwubph  hwywuw-
nnidutiph nnupu pGpdwu UGennutpp:

UunwghnUwn Gputiinpyw — ph-ph whlq-unbq — pwquwswih géwjhl nbanbupw —
ypuEwnpywlwl wwnpwdtwnptn — huwpdwnynid

Hcnonb3ys moaxon MHOTOMEPHOH JIMHEHHOW perpeccud, ObUIH pa3paboTaHBl ITyOIMYHO
JOCTYIHBIe MporpaMMbl Ha 0a3e makera Gauss 4.0. ayst pacyeTa KHHETHYECKUX MMapaMeTpoB U HX
JMCTIEpCU 11t citydaeB (epMEHTaTHBHOH KMHETHKH Tura Muxasianca-MeHTeH u Ou-Ou HuHT-
noHr. IIpeacTaBieHbl METO/IbI BBIBOAA COOTBETCTBYIOLIMX YPAaBHEHHH CTAlIMOHAPHOW KHHETHKH,
UX JIMHEApH3allluK U BBIBOJA aHAJUTHYECKUX (HOPM KHHETHYECKHX NAapaMETPOB U UX JHUCTICPCHUil.

CmaquHGpH(lﬂ KUHemuka — 6u-ou nuH2-nome — MHO2OMEPHAsL JUHelHAs peepeccus —
Kunemu4eckue napamempbvpl — pacdem

In biochemical research, mostly in enzyme kinetics, the datasets related to
stationary kinetics are usually analyzed graphically. More often the double reverse

coordinates are used for this purpose, i.e. the dependence of 1/, on 1;"; (the

Lineweaver—Burk plot) [13]. But it is this approach that causes the strongest criticism
from statistics and gives very unreliable values for Ky and V.. This approach did not
allow estimating the weight of the experimental point when tracing the line through the
set of points, and also it did not allow estimating the mistakes in determination of the
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kinetic parameters. Therefore, the best approach in solving the problems of enzyme
kinetics is the statistical approach, namely statistical methods based on linear regression
analysis. This approach enables to estimate the kinetic parameters and their errors taking
into account the weights of each experimental point [3].

Kinetic parameters of stationary kinetics are easily calculated solving systems of
linear differential equations. However, the method of King and Altman, based on graph
theory, provides a visual and familiar to the eyes of biochemists formula for the
calculation of the initial rates of enzymatic reactions, in which there are clearly
distinguished parameters (maximum speed of reaction, the Michaelis constant, inhibition
constants, etc.) that are interesting to us [12]. A special case of the mechanism of the
enzymatic reaction — bi-bi ping-pong, common in reactions catalyzed by
aminotransferases — is well represented in the literature [15].

We intend to present the statistical data processing methods and applications
calculating the relevant kinetic parameters of stationary kinetics to the scientific
community [3-4]. These approaches have been used in our works concerning the enzyme
Kinetics [1-2, 5-11, 14].

The aim of this work is to derive equations that allow us calculating the
parameters of stationary kinetics and their dispersions for the cases of simple Michaelis-
Menten Kinetics and the bi-bi ping-pong kinetics, as well as to present the applications
that calculate these values in Gauss 4.0.

Materials and methods. The terms and symbols used by Cornish-Bowden in Chapter 10
[3] were used in the present work.

The equation for bi-bi ping-pong reaction rate was derived using Kings and Altmans graph
theory [12].

Equations for kinetic parameters and their variances were derived using multivariate linear
regression analyses [4].

The applications for calculation of kinetic parameters and their variances were written on
the matrix language - Gauss 4.0. (Aptech Systems, Inc.).

Results and Discussion. The equation for initial rate of simple Michaelis-Menten
type reaction Kinetics is well documented
[nttps://en.wikipedia.org/wiki/Michaelis-Menten_kinetics] and presented in (1).

VinaxS
= —max= (1)
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Where: ¥ is initial rate, V., — maximal rate, 5 — substrate concentration and K y;
— Michaelis constant.

This equation is linearized as follows:
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the linearized equation for rate of the enzymatic reaction (2) together with measurement
errors (€) in vector form:
y=Xg+e @),
B-s and their variances can be calculated according the Gauss-Markov theorem
[4] by following equations: i
B=XX)Xy, Vig=05(X'X)71 (4),
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where: X is the transposed matrix X, [X X ) — inverse matrix [X X ) Vigy -
variances of 8, and Gﬁ — experimental variance.
When the measurements are given WeighEs, the equations (4) are convertgd to (5).
B = ((wX)X)*(wX)'y, Vigy=og(WXYX) =052 =0,U (5
The experimental variance is calculated from equations (6).

== S5=Swe’=Tw(y-xB)*=Tud® (6

0™ n—p'
Where: 55 is the sum of the weighted squares, N — number of measurements, P —

number of degrees of freedom (for simple Michaelis-Menten type reaction kinetics P=2),
e — estimate of € deviation of y, d — estlmate of & deviation of v, u — weight of d.

w & —is accepted in enzymology [3].

The equations for calculatlng K, and V.. and their dispersions (variances)

were derived in [3] and are the followings:
Voo =5 Ku=3 @
AX '32 ' M -'52 1

2 I (&)

where: ,6’1 and ﬁ’z can be calculated by equations (5), o‘ﬁ — by equations (6), and
M ; —is the (i, j) element of matrix U (5).

The application code for calculating the parameters of Michaelis-Menten kinetics
and their variances, written in Gauss 4.0, is presented in fig. 1.
print "M chaelis_Menten";

n=5; k=2;

_ M g 1“12 1My 2 M3y
V':H;.,-} - V.:él}:':"_g ( F—2-5 = )J V':V:*:r::.x:' =V 1 =op—% g (8),
£

fname="D:""My Documents D"'Data\'\Enzyme_activity.xls";
{datl,names }=import(fname," al:b6",3);
y=datl[1:n,1]./dat1[1:1,2];

w=datl[1:n,2].74 /dat1[1:n,1] ~2;

x=(dat1[ 1:n,1]./dat1[1:n,1])~(dat1[1:n,1]);

z=(w.*x)"™*x;

u=mnv(z);

b=inv(z)*((w.*x)"™y);

Vmax=1/b[2,1]; Km=b[1,1]/b[2,1];
sigma0=(w"*((y-(b"*x")) *(y-(b™x"))))/(n-k);
s_Vmax=(dgmal*u[2,2] b[2]"4)"0.5;
s_Km=(sigma0*(u[1.1]/6{2]"2-2*b[1]*u[1,2]/b[2]*3+b[1]*2*u[2.2]/b[2]"4))*0.5:
print "Km=" Km~s_Km;

print "Vmax=" Vmax~s_Vmax;

Fig. 1. The application code for calculating the parameters of Michaelis Menten
kinetics and their variances.
A — data input block in the form of Excel spreadsheet for n=5 and k=2, B — block for calculating
kinetic parameters and their standard deviations, C — data output block.
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We used the presented multivariate linear regression analyses and corresponding
application code for calculation of the kinetic parameters and their variances for
Rhodotorulla auriantiaca KM-1 phenylalanine ammonia-lyase and L-phenylalanine
system [7]. We obtained Ky=1.75+0.44 mM and V,=3.01+0.43 units/mg, which fit
well with the same parameters obtained from inhibition analyses.

We used this approach in studying the substrate specificity of free enzyme and
the shift of Ky, after covalent immobilization of the recombinant L-aminoacylase of
Geobacillus stearothermophilus on silochrome C-80 [5]. It was shown that the enzyme
exhibits higher affinity to N-acetyl-L-alanine with comparison to N-acetyl-L-valine and
N-acetyl-L-methionine (Ky=0.56+0.08, 1.31+0.80 and 1.43+0.64, correspondingly) and
that in the result of immobilization, the Michaelis constant of N-acetyl-L-methionine
increased more than twice.

We also used the multivariate linear regression analyses approach in
characterization of D-aminoacylase of newly isolated strain — Rhodococcus armeniensis
AMBG6.1 [11]. The Ky-s for 9 N-acetyl-D- and N-acetyl-DL-amino acids were calculated.
For N-acetyl-D-leucine and N-acetyl-DL-tyrosine, which exhibit substrate inhibition,
Michaelis constant calculated using this method fit well with the same parameter
obtained from analyses of substrate inhibition.

The bi-bi ping-pong type reaction Kinetics is also well documented [3, 15]. The
equation for initial rate of such type reaction kinetics, derived using King and Altman

approach, is presented in (9).
Va5 5z

v= e ©)

EMoSitEM52+5:50

Where: v is initial rate, V,, ., — maximal rate, 5; and 5, — concentration of

substrate 1 and 2, K ;1 and K 3;; — Michaelis constants for substrate 1 and 2.
This equation is linearized as follows:

15y _ Hp E 1
= vm:xSI + rmﬂjz + vm5152 (10)
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we can describe the linearized equation for rate of the enzymatic reaction (10) together
with measurement errors () in vector form (3) as in the case of simple Michaelis-
Menten kinetics. Here also B-s and their variances can be calculated according the
Gauss-Markov theorem [4] by equations (4). When the measurements are given weights,
the equations (4) are converted to (5). Here also the experimental variance is calculated
from equations (6).
2 55 -
00 =55 SS=Zwe’=Xwiy;—x6)*=Zud® (6
Where: 55 is the sum of the weighted squares, N — number of measurements, P —

number of degrees of freedom (for bi-bi ping-pong type reaction Kinetics P=3), e —
estimate of € deviation of y, d — estimate of 8 deviation of v, u — weight of d.

The estimation of w can be done by the following way:
VmaxFa5z o

From v =
EpoSatEM Sg+5:5,
YRS LY K 1
and =2 =5 + 5 +—5.5 +5,
¥ max max Max
. . o vl . v
we can easily derive: & = g —eg (112),
EpoSatEMaSot5:50 Fa5g
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and using 1w~ — internal condition of Cornish-Bowden [3] we can obtain:
v
4 1707
sS=Yud?=%:() =3
v W55

The equations for calculating K,; and V. and their variances are the
followings:
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where: 51, > and B3 can be calculated by equations (5), Gﬁ — by equations (6),

and M;; —is the (i, j) element of matrix U (5).
The application code for calculating the parameters of bi-bi ping-pong kinetics
and their variances, written in Gauss 4.0, is presented in fig. 2.

print "GAT, ping-pong bi-bi";

n=16; k=3;

Al fname="D: "My Documents D'\ ALTxIs";

{datl,names }=import(fname,"al:c17",2);

y=datl[1:n.1].*dat1[ 1:n,2] /datl [1:n.3]:

w=datl[1:n,3].#3 /datl[1:n,1] #2 /dat1[1:n.2].72;

x=(datl[ 1:n,1])~dati[1:n,2])~(dat1[1:n,1].*dat1[1:n2]);

=(w.*x)"*x:

u=mv(z);

b=inv(2)*((W.*x)™y);

Km2=b[1,1]/b[3.1]; Vmax=1/b[3,1]; Km1=b[2,1]/b[3.1];
sigma0=(w™((y-(b™x")).* (y-(b™x")))) (n-k);

s Km2=(sigma0*(u[1,1]/b[3]2-2*b[1]*u[3.1]/b[3]"3+b[1]"2*u[3,3]/b[3]"4)) 0.5;
s_Vmax=(sigmal*u[3,3]/b[3]"4)0.5;
s_Km1=(sigma0*(u[1,1]0[3]2-2*b[2]*u[2.3]/b[3]"3+b[2]*2*u[3.3]/b[3]"4))"0.5;
print "Km2" Km2~s Km?2;

C |print "Km1" Kml~s_Kml;

print "Vmax" Vmax~s_Vmax;

Fig. 2. The application code for calculating the parameters of bi-bi ping-pong
kinetics and their variances.
A — data input block in the form of Excel spreadsheet for n=16 and k=3, B — block for calculating
kinetic parameters and their standard deviations, C — data output block.
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We used the presented multivariate linear regression analyses and corresponding
application code for calculation of the Michaelis constants and their variances for
Brevibacteium flavum  valine:pyruvate aminotransferase [6]. We obtained
Kw=1.53+0.10 mM for L-alanine, Ky=0.52+0.15 mM for L-valine, Ky=0.41+0.13 mM
for pyruvate and Ky=0.23+0.01 mM for 2-ketoisovaleriate.

We also used the multivariate linear regression analyses approach for calculation
of Ky, for L-phenylalanine, L-glutamic acid, L-aspartic acid, and the corresponding keto
acids, as well as V. for the following pairs of substrates: L-phenylalanine-2-
ketoglutarate, L-phenylalanine-oxaloacetate, L-glutamic acid-phenylpyruvate, and
L-aspartic acid-phenylpyruvate for aminotransferases PAT1, PAT2, and PAT3 of
Erwinia carotovora, catalyzing transamination of phenylpyruvate [14].

Thus, using multivariate linear regression approach, publicly available
applications have been developed for the calculation of the kinetic parameters and their
dispersions for the cases of simple Michaelis-Menten type and the bi-bi ping-pong type
enzyme Kinetics.

REFERENCES

1. Tpucopan A.A., Ambapyymsn A.A., Mkpmusn M.B., Tonyszsn B.O., Anebsu I'.Il.,
Acampsn P.C. CHHTE3 U aHTUXOJMHACTEPA3Hask aKTHBHOCTD 2-(AMMETHIAMHHO) THIIO-
BBIX H XOJIMHOBBIX S(bI/IpOB N-3aMeH_[eHHI>IX (X,B-)IeFI/II[poaMHHOKI/ICJ'[OT. XI/IMI/IKO-(.Jpap-
ManeBTHueckuii xypHai, 40, 3, 18-23, 2006.

2. Jhoxosa K.I., Aeaodocansin A.E., Ambapyymsan A.A., Aneban "Il Y coBepIIeHCTBOBaH-
Has TCXHOJIOTUS MOJYUCHUS D-aCHapaFHHOBOﬁ KHCIIOTEI M L-amannHHa myTeM omno-
TpaHchopmaru DL -acnaparnHoBoii kucnotsl. bruotexnomorus 4, 69-77, 2009.

3. Kopnuwi-boyoen O. OcHOBHI hepMeHTaTHBHOI KnHeTHkH, “Mup”, M., 282 C., 1979.

4.  Maenyc A.P., Kamvuues I1.K., [lepeceyxuii A.A. Dxonometpuka, “Jleno”, M., 399 C.,
2000.

5. Aganyants H.A., Hovhannisyan Ye.A., Koloyan H.O., Hovsepyan A.S., Hambardzumyan
AA.  Immobilization of recombinant L-aminoacylase from  Geobacillus
stearotermophilus and characteristics of obtained preparations Proceedings of the
Yerevan State University, Chemistry and Biology, 1, p. 32-35, 2013.

6. Ambartsumyan A.A., Bezirdzhyan Kh.O. Catalytic properties of valine:pyruvate
aminotransferase from Brevibacterium flavum. Biochemistry (Moscow), 59, 9, 1027-
1032, 1994.

7. Bazukyan I.L., Vardanyan A.E., Ambartsumyan A.A., Tozalakyan P.V., and Popov Yu.
G. Catalytic Properties of Rhodotorula aurantiacaKM-1 Phenylalanine Ammonia-
Lyase Applied Biochemistry And Microbiology 45, 1, 17-21, 2009.

8. Grigoryan H.A., Hambardzumyan A.A., Mkrtchyan M.V., Topuzyan V.O., Halebyan
G.P., Asatryan R.S. a,B-Dehydrophenylalanine choline esters: potent reversible
inhibitors of human acetylcholinesterase and butyrylcholinesterase. Electronic Journal
of Natural Sciences, Biotechnology, NAS of RA, 6, 1, 14-20, 2006.

9. Grigoryan H.A., Hambardzumyan A.A., Mkrtchyan M.V., Topuzyan V.O., Halebyan
G.P., Asatryan R.S. a,-Dehydrophenylalanine choline esters, a new class of reversible
inhibitors of human acetylcholinesterase and butyrylcholinesterase. Chem. Biol.
Interact., 171, 108-116, 2008.

10. Hambardzumyan A.A., Mkhitaryan A.V., Paloyan A.M., Dadayan S.A., Saghyan A.S.
Catalytic properties of aminoacylase of strain Rhodococcus armeniensis AM6.1
Applied Biochemistry and Microbiology, 52, 3, 250-255, 2016.

11. Hovhannisyan N, Harutyunyan Sh, Hovhannisyan A, Hambardzumyan A, Chitchyan M,
Melkumyan M, Oganezova G, Avetisyan N. The novel inhibitors of serine proteases,
Amino Acids, 37, 3, 531-6, 2009.

12. King E.L., Altman C., A schematic method of deriving the rate laws for enzyme-
catalyzed reactions. J. Phys. Chem., 60, 1375-1378, 1956.

11



13.

14.

15.

A.A. HAMBARDZUMYAN

Lineweaver H., Burk D. The determination of enzyme dissociation constants. J. Am.
Chem. Soc., 56, 658— 666, 1934.

Paloyan A.M., Stepanyan L.A., Dadayan S.A., Hambardzumyan A.A., Halebyan Gh.P.
and Saghiyan A.S. Catalytic properties of enzymes from Erwinia carotovora involved
in transamination of phenylpyruvate Applied Biochemistry and Microbiology, 49, 2,
106-112, 2013.

Velick S.F. and Vavra J. A kinetic and equilibrium analysis of the glutamic oxaloacetate
transaminase mechanism. J. Biol. Chem., 237, 7, 20109-20122, 1962.

Received on 18.01.2017

12



