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Effects of Ligands on the Allosteric Property of Tryptophan Synthase. Eel Kim, Hae Ja Shin', Woon
Ki Lim* and Han Do Kim*, Department 07/ Molecular Biology, College of Natural Sciences, Pusan National
University, Busan 609-735, Republic of Korea, "Environmental Engineering Major, Division of Applied Engineering,
Dongseo University, Busan 617-716, Republic of Korea — Various ligands function as regulators in the
allosteric control of tryptophan synthase. Effects of the monovalent cations and glycerophosphate on
the mutant tryptophan synthases were examined in the presence of L-serine. The results showed that
these compounds might play roles in the allosteric control of the proteins.
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Fig. 1. Effects of L-serine on the absorbance spectrum of the
wild-type and mutant proteins.
The wild type (), D56E (-+ ), D56G (-), and D36N (---
-) proteins were scanned from 360 to 550 nm for absorb-
ance in the absence (A) or presence of L-serine (B).
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Fig. 2. Effect of the monovalent cations on the absorbance
spectrum of proteins in the presence of L-serine.
Absorbance of the wild type (-), D56E (- ), D56G
(), and D56N (-~ -) proteins were measured from
360 to 550 nm in the presence of L-serine. To see
effects of the monovalent cations, 100 mM Na’ (A),
100 mM K’ (B) or 50 mM NH, (C) was added.
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Fig. 3. Effect of glycerophosphate on the absorbance spectrum
of proteins with L-serine.
Absorbance of the wild type (-), D56E (- ), D56G
(), and D56N (--- -} proteins were measured from
360 to 550 nm in the presence of L-serine and 100 mM

D,L- ¢~ glycerol 3-phosphate (GP).

/Ind JH
E+Ser = E-Ser = E-Qy = E-AA - E-Q; = E-Trp=E+Trp
4120m £24nm \H"  \OH 35nm  476nm 420nm
open closed closed open
Stage 1 Stage 11

Auiglo] Beish= 56W Z71E 84171 DS6E, D56G, 1
231 D56Nol| E2 97} ol 253 GPE A3 £ AFdA
olE Yol Eo]l wh EFAY BAHHA 237Z(closed
form)9] A ste) A352EE = Aoz AZATLI

Na's} K'e B 29949 59 2ol 2=t 2 $9
ee Az gzt & Na'7t 248t 4% BAsp”Y
carboxylate7} fLys1679] e-amino group®} 7 dciel & ¥
AetA A, K7 223 4% pAsp 9] carboxylate7}
W3le Fei7} 59, plys' 9] e-amino group= 7A A% o3
o)Al =1} aAsp™9] carboxylatest Hat Y& LBHAES
stzdy ddalg 843 89 [1]. BLys' ol dAsp™d]
Edvol7t B EYER FHELY B4, Na', K EE
NH, 7} 248 o o £ 82848 Byda H33
a2} A F 7R 9 Aol A 424nmel| A &) E-Ser B34 9] &
o] D56G¢} D56No| thgo 2 Eajste AL2 Kol 7|E9
HioE thd Aol§ HAET

2 <%

olazRAN A8 HUES @
2 ARR] gl 2204 Y7t ol

3£ 3} glycerophosphate®] gj7t= & %5 7] i]:gxi]
g3tel ZAPHA o5 AZET o] EaY o

mlm
S
>

Ao Y HAFI ok
gogs

10.

. Fan, Y. Y., P. McPhie and E. W. Miles. 2000. Regulation of

tryptophan synthase by temperature, monovalent cations,
and an allosteric ligand. Evidence from Arrhenius plots,
absorption spectra, and primary kinetic isotope effects.
Biochemistry 39, 4692-4703.

. Kanzaki, H., P. McPhie and E. W. Miles. 1991. Effect of

single amino acid substitutions at positions 49 and 60 on
the thermal unfolding of the tryptophan synthase alpha
subunit from Salmonella typhimurium. Arch. Biochem. Biophys.
284, 174-180.

. Miles, E. W., R. Bauerle and S. A. Ahmed. 1987. Tryptophan

synthase from Escherichia coli and Salmonella typhimurium.
Methods Enzymol. 142, 398-414.

. Miles, E. W., H. Kawasaki, S. A. Ahmed, H. Morita and

S. Nagata. 1989. The B subunit of tryptophan synthase.
Clarification of the roles of histidine 86, lysine 87, arginine
148, cysteine 170, and cysteine 230. ]. Biol. Chem. 264, 6280-
6287.

. Pan, P,, E. Woehl and M. F. Dunn. 1997. Protein architecture,

dynamics and allostery in tryptophan synthase channeling,
Trends Biochem. Sci. 22, 22-27.

. Rhee, S, E. W. Miles and D. R. Davies. 1998. Cryo-

crystallography of a true substrate, indole-3-glycerol phos-
phate, bound to a mutant (aD60N) tryptophan synthase azp:
complex reveals the correct orientation of active site aGlu49.
J. Biol. Chem. 273, 8553-8555.

. Rhee, S, K. D. Parris, C. C. Hyde, S. A. Ahmed, E. W. Miles

and D. R. Davies. 1997. Crystal structures of a mutant (
K87T) tryptophan synthase . complex with ligands
bound to the active sites of the a- and [f-subunits reveal
ligand-induced conformational changes. Biochemistry 36,
7664-7680.

. Rowlett, R, L.-H. Yang, S. A. Ahmed, P. McPhie, K.-H. Jhee

and E. W. Miles. 1998. Mutations in the contact region
between the a and P subunits of tryptophan synthase alter
subunit interaction and intersubunit communication. Bio-
chemistry 37, 2961-2968.

. Ruvinov, S. B., S. A. Ahmed, P. McPhie and E. W. Miles.

1995. Monovalent cations partially repair a conformational
defect in a mutant tryptophan synthase ;B> complex (B
E109A). J. Biol. Chem. 270, 17333-17338.

Yang, L-H., S. A. Ahmed and E. W. Miles. 199%6. PCR
mutagenesis and overexpression of tryptophan synthase
from Salmonella typhimurium: on the roles of B subunit
Lys-382. Protein Expression Purif. 8, 126-136.



