Netsu Sokutei 33 (1) 2-9

FRREEEE R R E R EEEE R R REEEE R

5
E‘ 77
g it

— 5
= &
=) g

EIE R EE R R E R EEE E R R EEE EEEEE

EER ORI & &L

W=

(ZHH :20054E12 H7 H, 5#H : 200641 H9 H)

Cold Adaptation and Molecular Evolution of Enzyme
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There are many cold places around the Earth. From the psychrophiles isolated from those

environments, cold-adapted enzymes have been isolated. Cold-adapted enzymes have sufficient

activity and sufficient substrate-affinity to support the growth, and show low thermo-stability.

Artificially cold-adapted enzymes have been obtained by evolutionary engineering from thermophile

enzymes. The analysis revealed one of the cold-adaptation mechanisms: the cold-adapted enzymes

showed lower enthalpy of substrate-binding thus providing lower activation enthalpy for high

activity at low temperature. Some of the cold-adapted enzymes retained high thermal stability

of the original thermophile enzyme. The results suggest that it is possible to reconcile high

stability with high activity at low temperature. However, the issue needs further investigation.

It has been elucidated that life evolved from the hyperthermophilic common ancestor (Commonote).

Accordingly, the in vitro evolution experiments for obtaining cold-adapted enzymes from thermophile

enzyme are, in a sense, reproducing the evolution of life.
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Table 1 Kinetic parameters of enzymatic reaction of cold-adapted mutant, 7. thermophilus wild-type, and E. coli
wild-type IPMDHs. !

Ky IPM / uM Ky NAD / uM Kea /51 Kead K /s 1 UM 1

Enzyme 30T 60°C 30°C 60°C 30C 60°C 30C 60°C

T. th WT 0.9 (1.00) 2.6 (1.00) 9.2 (1.00) 1342 (1.00) 0.7 (1.00) 25.5 (1.00) 0.076 (1.00) 0.190 (1.00)
Gly12Ser 03 (0.33) 1.5 (0.58) 45 (049) 822 (0.61) 0.9 (1.29) 20.5 (0.80) 0.200 (2.63) 0.249 (1.31)
Lys21Thr 17 (1.89) 3.8 (1.46) 7.8 (0.85) 111.4 (0.83) 1.0 (1.43) 19.9 (0.78) 0.128 (1.68) 0.179 (0.94)
Arg85Cys 25 (278) 44 (1.69) 93.7 (10.18) 4541 (3.38) 4.8 (6.86) 36.4 (1.43) 0.051 (0.67) 0.080 (0.42)
Ser248Thr 0.6 (0.67) 3.4 (1.31) 230.8 (25.09) 990.5 (7.38) 4.0 (5.71) 33.1 (1.30) 0.017 (0.23) 0.033 (0.18)
Ala335Val 0.4 (0.44) 0.8 (0.31) 3.9 (0.42) 60.5 (0.45) 0.8 (1.14) 14.0 (0.55 0205 (2.70) 0.231 (1.22)
E coli WT 27 (3.00) 9.1 (3.50) 117.4 (12.76) 864.1 (6.44) 39.8 (56.86) 203.9 (8.00) 0.339 (4.46) 0.236 (1.24)

Relative values with respect to those of 7. thermophilus wild-type IPMDH are indicated in parentheses.

Each mutant is indicated by the original residue, position of the residue and the resulting residue in each cold-adapted mutant.

T. th WT: Wild type IPMDH of Thermus thermophilus.
E. coli WT: Wild type IPMDH of Escherichia coli.

m: Michaelis constant.
keai: Activity coefficient.
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Arrhenius plots and van't Hoff Plots of cold adapted and wild type IPMDHs.!® Marks are indicated in the

figure. Each mutant corresponds each of the followings: Gly12Ser, Lys21Thr, Arg85Cys, Ser248Thr, Ala335Val.

Table 2 Thermodynamic parameters of enzymatic reaction of cold-adapted mutant, 7. thermophilus wild-type, and

E. coli wild-type IPMDHs (30 C).!®

AGn AAGn AHny AAHnw  TASw TAAS AG* AAG * AH* AAH*  TAS* TAAS *
Enzyme
kJ mol -!
T. th WT —-29.2 0 -749 0 —45.6 0 75.2 0 94.8 0 19.5 0
Glyl12Ser -31.0 -1.8 —8I.1 -6.2 —50.2 —4.6 74.6 -0.6 86.4 —8.4 11.7 -7.8
Lys21Thr —29.6 -04 =775 -2.6 —476 -2.0 74.4 -0.8 88.0 —6.8 13.4 —6.1
Arg85Cys —23.4 5.8  —427 322 —194 26.2 70.3 -4.9 50.7 —44.1 —-19.5  —39.0
Ser248Thr —21.1 8.1 —42.1 32.8 204 25.2 70.8 —4.4 528 —420 —179 374
Ala335Val —31.4 -22 —178.0 -3.1 —46.5 -0.9 75.4 0.2 86.5 —8.3 10.7 —8.8
E. coli WT —22.8 6.4 —54.6 203 —31.7 13.9 65.0 —10.2 436 —512 —-21.3 —40.8

AGn: Gibbs energy change between NAD *-bound state and initial state.

AH,,: Enthalpy change between NAD *-bound state and initial state.

TAS,: Change in entropic terms between NAD *-bound state and initial state.

AG *: Gibbs energy change between activation state and NAD *-bound state.

AH *: Enthalpy change between activation state and NAD *-bound state.

TAS #: Change in entropic terms between activation state and NAD *-bound state.

Term with AA indicates the difference between those of each mutant IPMDH and of T. thermophilus wild type IPMDH.
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Fig.3 K. and k¢ of mutants at Met126 of IPMDH from 7. thermophilus.29
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Table 3 Gibbs energy changes for mutants at Met126
of 3-isopropylmalate dehydrogenase from 7.

thermophilus.20

AGn, AG * AG*
Residue kJ mol -! kJ mol -! kJ mol !
Gly 275 74.9 47.3
Ala 28.6 75.8 47.3
Ser 27.2 74.5 47.3
Thr 28.0 74.9 46.9
Glu 25.0 72.9 47.7
Val (wild) 275 72.9 46.9
Ile 25.2 72.0 46.9
Lue 23.7 71.2 473
Phe 23.7 71.2 47.3
Arg 29.5 76.2 46.9
Met 18.0 69.5 515

AG,: Gibbs energy change between NAD *-bound state and initial
state.

AG *: Gibbs energy change between activation state and NAD *-
bound state.

AG 1#: Gibbs energy change between activation state and initial
state.

Fig.4 General phylogenetic tree of life constructed by Woese ef al..?» Optimum

organism is indicated after each species name.?®
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Fig.5 Thermal stability of ancestral mutant IPMDHs of hyperthermophilic archaeon Sulfolobus tokodaii. Denaturation

of protein is monitored by CD at 222 nm.2® Approximation curves are for the mutant d, b', wild-type, mutant

abcd, ¢, b, b" and a from left to right.
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