Netsu Sokutei 280120 91-97

EE R EEE R R EEE E EE R R EEEEEEEE

ER R R R EE R R R R R E R R R R R EEE R R

&
&
i
.

=]

[E[EEEEERIE

Do0oodobobodoab pobooonoooooboon
Jooooooooon

gobooooood
gbobOoz2o00011016000000 20000 1102200

Isothermal titration calorimetry of the complex formation of
tryptophan synthase a and [ subunits
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A characteristic property of the tryptophan synthase a,8. complex is the mutual activation
of the a and [ subunit upon complex formation. It has been speculated that this mutual
activation results from the conformational change due to the a/f subunit interaction. In order
to elucidate this mechanism, the association for the various combinations of the a and S8
subunits from mesophiles, Escherichia coli and Salmonella typhimurium, and for the two subunits
from a hyperthermophile, Pyrococus furiosus, was examined using isothermal titration calorimetry.
In mesophile proteins, the analyses of the thermodynamic parameters of association indicate
that both the a and B subunits fold coupled with the association and the folding might occur
not only at the subunit contact surface but also at the other parts in the molecules. This
conformational rearrangement might be the origin of mutual activation. The thermodynamic
measurements also revealed that the substitution of only one residue in the subunit interface of
the E. coli a subunit changed the thermodynamic properties of association with the 8 subunit
similar to those of the S. typhimurium a subunit. On the other hand, the association between
a and B, subunit from P. furiosus was characterized by substantially low values of association
enthalpy and association heat capacity changes. This suggests that the folding coupled with the
association decreases at low temperatures around 40 [0 examined. This relates with remarkably
low activities around 40 O, as compared with those of mesophile proteins. These differences in
thermodynamic properties were discussed on the basis of X-ray structures of both proteins.

1. 0000 oooboooOoooooooooobooooobooboboooo
gooooooooooobOooooooboooboooa

gobooooooooooboooooooooooa ooooooooooooooobooo» Ooob0ooo
goooobooooooobooobooooooooboboooo 00000000 ap00000L-0000000000
goooooooooooboboooooooooboooo obooboooooo-3-0b0obooo-oboooooaon

© 2001 The Japan Society of Calorimetry and Thermal Analysis.
Netsu Sokutei 28020 2001 91



ooboooobooooooo

joddddooo0oooooooebDbDODODODOB
oo000opoOooO0oooO0b0eeOOOpBoOOOOOOOO
o0000O0O0O0O0O-3-0000O0OoobobobooboboOOO
goooooo-3-000oooopooOoOoooooog
L-00000L-0000000d0o0ooooooogooog
000000 e300 0000000000000000O0
J01p20000000000D0DODODODOOOOOOO0O
00000Deg/pOO00C0DO0OODOOOCODOOCODOOO
goboooooboooooobobboooooooooo
gooobobobobooooooo
gooobOobooobobOobooobooooboobo
O Salmonella typhimuriumO OO0 00000 O00O0COOOO
XOOOOOoOOoooOoooooooOoOoOOHyde et al.,
1988[1» DO U000 BOODOOOOOOODOODOO
goboooooboooooooobobooooooooo
gobobooooobboboboooooobooooooboo
0000000000000 oooooo
O Pyrococcus furiosusD OO 0000 a0 O0O000OOO0O
jooopooooo0® 0Dooooooooopgooooo
goboo0OO0o00oXooooooboooooooooooo
goboooOoOooobobooooooobooooooooboo
000000000 0O00OODOIsothermal Titration
Calorimetry: ITCOODOOOODOOODOOOOOOOO
go0oO000o0boooO0o0oOoobooOooooooooD
goboooO0o0o0ooooo0o0oooooboooOooobooD
goo0oOoOooo0ooOoU0oooOooooOba0Opo
gobooooooobobooboooooboboboooooboo
gooooboobboooooobobobooooo

2. 00000

gopooooooooobooooodoeebooooOoO
pOO00O0OOOODODOOEscherichia colilDOOOOO0O
0 Salmonela thyphimurium O O O O O O Pyrococcus
furiosusD 00000000000 OO0O0ECOSOPIOOO
0000000Eca0 000000000 OEcaK109NOO
00000000o0o0ooooooooooUuooooooo
gooooooooooooooooooooeeboppoOO
O0o0ob0ooooo4000000000e000000O0
10900 p0000000O2000 20000000000
O0000Ecad 00000019000 LYsOOOOSOO
O0AsnO000000O0EcROOOOOO0O 29000 GluO
SO000Ala0O0O0O0O00O0OPfo0O00COOOOOO
02480 EcOOD0 2000000000 PIBOODOODOOO
00003880 ECODODOUDOIONODOECOODDODODOOO
0000000000000 e00000032%0p000
00058%00003700000 axp.0000 000

92

t/ min
[
K4
3
c T
o =
g g
[}
% T T T
BT © 0
§ s}
I 3 -50k
©
1S
™ -100k
o
-150k
t I i
00 05 1o 15
Molar Ratio (a/B)
Fig.1 Isothermal titration calorimetry of the association

of the E. coli wild type a subunit with the E.
coli a subunit. (A) Raw data of calorimetric
titration obtained for automatic injections, each
10 pl of o subunit into the sample cell containing
B2 subunit solution (1.31 ml). at 40 0. and pH
7.0. The 50 MM potassium phosphate buffer of
pH 7.0 containing 0.1 mM DTT, 5mM EDTA,
and 0.2 mM PLP was used for experiments. (B)
Calorimetric titration curve calculated from the
raw data. The plots are experimental and the
solid lines correspond to the best-fit curve
obtained by least squares deconvolution.
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Table 1 Thermodynamic parameters of the association of the a subunit with the (3, subunit at various temperatures.
All the molar concentrations for each parameter represent the molar concentration of the a chanins. Ec, S,
and Pf represent E. coli, S. typhimurium, and P. furiosus, respectively. *Calorimetry was performed by
injection of B, subunit solution into o subunit solution in ITC cell.

a B L Ka AHa AS, AG, ACpa
subunit subunit O 106 Mol kJ molo1 Jmolot Kol kJ molo1 kJ molot Kol
Ec wild Ec 25 31.3 036.9 20 042.8 07.29

30 14.6 063.7 073 041.6
35 8.0 096.8 0182 040.8
40 5.3 0147.5 0342 040.4
St 25 14.2 0511 034 040.9 06.37
30 4.8 075.0 0119 038.8
35 6.9 0116.1 0246 040.4
40 2.4 0143.3 0335 038.3
Ec Ec 25 17.9 045.7 014 041.2 08.21
K109N 30 8.9 0813 0135 040.4
35 6.0 0115.2 0244 040.1
40 35 0171.0 0421 039.3
St 25 14.5 067.0 088 040.9 06.79
30 7.1 091.8 0171 039.8
35 4.4 0123.6 0274 039.3
40 29 0169.3 0416 038.8
St Ec 25 33.9 049.9 023 043.0 07.84
30 15.2 0775 0118 041.7
35 9.8 0113.5 0234 0413
40 9.6 0 168.0 0403 041.9
S 25 8.9 060.3 069 039.7 06.83
30 7.5 088.8 0161 039.9
35 7.2 0120.3 0259 040.5
40 5.7 0163.8 0394 040.5
Pf* Pf* 40 164 024.0 80.7 049.2 0191
50 152 043.8 20.9 0 50.6
60 1150 057.9 0.4 057.8
Ec* Ec* 35 4.0 087.6 0157.9 028.9 05.67
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Fig.2 The thermodynamic parameters of association
for each combination among a and (3, subunits
from E. coli and S. typhimurium at 40 O. The
thermodynamic parameters in Table 1 are used.
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Fig.3 The temperature dependence of AH, (A and B)

and AS; (C and D) of the association of the a
subunits with the E. coli B subunit (A and C) or
with the S. typhimurium S subunit (B and D). In
each figure, 0o O ; E. coli wild type a subunit,
0-0-0- ; E. coli K109N mutant, and ...0O0 ... ;
S. typhimurium a subunit. The lines shows the
linear regression of the experimental values.
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Table 2 The number of residues participating in the
folding transition during the a/f association
reaction. Ts represents the temperature of AS,0
0 obtained from Figs.3-c and d, and Fig.6.
Ec, &, and Pf represent E. coli, S. typhimurium,
and P. furiosus, respectively.

a B ACpa Ts  AS(Ts) ASohes R®
subunit subunit  Jmolot Kot K Jmolot Kol Jmolot Kot
wild Ec 07290 299.8 2487 02277 97

K109N Ec 08210 298.1 2864 02654 113
wild St 017840 298.1 2735 02525 107
wild Ec 06370 296.8 2260 0 2050 87

K109N S 06790 295.0 2465 0 2255 96
wild St 0 6830 295.5 2463 02253 96

Pf Pf 01910 333.0 381 0171 7
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Fig.4 Raw data of isothermal titration calorimetry

obtained for automatic injections, each 10 pl of
the B subunit into the sample cell containing a
subunit solution (1.31 ml). (a): The a and [,
subunits of tryptophan synthase from P. furiosus
at 40 0 and pH 7.0. The concentration of them
was 0.015 mM and 0.16 mM, respectively. (b):
The a and 3, subunits of tryptophan synthase from
E. coli at 37 0 and pH 7.0. The concentration
of them was 0.019 mM and 0.174 mM, respectively.
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Fig.5 Temperature dependence of AH, for the association
of a and [3; subunits of tryptophan synthase at
pH 7.0. (8): Subunits from P. furiosus. The slope
(ACpa) was 01.91 kJ K01 (mol of a subunit)ol.
(b): Subunits from E. coli. The slope (ACpa)
was 05.67 kJKo1 (mol of a subunit)ol.
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Fig.6 Temperature dependence of AG; (A) and AS, (B)
for the association of a and [, subunits of
tryptophan synthase at pH 7.0. (a) Subunits from
P. furiosus. (b) Subunits from E. coli. The AG,
was estimated using the association constant (Ka)
obtained from titration calorimetry.
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