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Abstract

In order to elucidate a role of residue 24 in the folding of tryptophan synthase d subunit, mutant proteins in
which Thr 24 was replaced by Met, Ala, Ser, Leu or Lys were overexpressed in E. coli, and the extents of accumulated
proteins as soluble or aggregated forms were examined. The mutant proteins with Met or Leu at residue 24 were
predominantly accumulated as soluble forms as the native protein. On the other hand, mutant proteins with Ser, Ala
or Lys at residue 24 were expressed as aggregated forms as well. This result suggests that residue 24 of tryptophan
synthase a subunit may be implicated in the folding of this protein.
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Fig. 1. Construction of plasmid containing doubly mutated
trpA.

The open bar arrow represents the tac promoter and the
direction of transcription. The solid bar represents the rpA
gene encoding TSase ¢ subunit. Each of two plasmids
was cut with BssHII and Sall. Fragment containing FW139
mutation and backbone fragment containing mutation at
residue 24 were isolated and ligated.
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Fig. 2. Amounts of mutant ¢ subunits in the soluble or
aggregated forms after lactose induction.
E. coli cells carrying various trpA genes were harvested
after 22hr induction with lactose. The cells were
resuspended in 10mM potassium phosphate buffer (pH
7.8) containing 10mM §-mercaptoethanol, 5SmM EDTA,
0.2mM PMSF, and sonicated, and centrifuged at 28,000 % g
for 15 min. The pellet (P) was resuspended in the same
buffer. 50 1 g of each supernatant (S) was loaded, and the
amount of loaded pellets are equivalent to that of
supernatant in term of volume.
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Table 1. Some properties of altered residues at resudue 24 as free amino acid

Hydrophobicity(kcal/ mol)

Van der W?als Hydrophilicibty Side Chai A NoAcet]

a ide Chain ino -Ace e

volume(A’) (keal/mol) analogue Acid® amidetg Calculated
Met 124 -3.87 141 -13 -1.23 -0.96
Leu 124 -0.11 -3.98 -1.8 -1.70 -1.82
Thr(WT) 93 -7.27 351 -04 -0.26 1.00
Ala 67 -0.45 -0.87 -0.5 -0.31 -0.39
Ser 73 -7.45 4.34 03 0.04 1.24
Lys 135 -11.19 6.49 30 1.01 3.95

°Creighton, T. E. Proteins: Structures and Molecular properties, p141 2nd Ed. Freeman(1993)

"Radzicka, A. and Wolfenden, R.: Comparing the polarities of the amino acid: sidechain Distribution Coefficients between the vapor
phase, Cyclohexane,.1-Octanol, and Neutral Aqueous Solution, Biochemistry, 27, 1664(1988)

‘Nozaki, Y. and Tanford, C.: The solubility of amino acids and two glycine peptides in aqueous ethanol and dioxane solutions.
Establishment of a hydrophobicity scale, J. Biol. Chem., 246, 2211(1971)

%Fauchere, J. and Pliska, V.: Hydrophobic parameters /I of amino-acid side chains from the partitioning of N-acetyl-amino-acid

amides, Eur. |. Med. Chem., 18, 369(1983)

‘Roseman, M. A.: Hydrophilicity of polar amino acid side-chains is markedly reduced by flanking peptide bonds, ]. Mol. Biol., 200,

513(1988)

7b A2 o2 uAUSSE & & Atk B3] AHLE A
e 73-9-(TS24/FW139) df o] inclusion bodyZ L}E}d
T AL Ado] G ofm|mitel g A7)t FHn A
o F=7t okelA 5 &I FA BT FAE
% ok shehd(TA24/FW139)3 2} 41(TK24/FW139)
2 A8E AS FE4 o 29HA7) AHo) vl 2
G2z yehtes AL Add dE gdede ae4ol
IR o2 73y, B A7 AdFHeE A7) g&
RoZ FAHAL & EYER FHERY o 2TY
HAA 24 27] YA el Bo7t ALY Aol 4
opmligbe HF3R F& A Bk W 249 279 o]
AT AYsA X V)7 ERold o AHUE
7% E9Ho)AE in vivo 29 7139 Wtz Zdd 9]
o]A9] F7HAu misfolding® Gl do] AX Yo &3
A Hol F2HOoZ inclusion bodyZ Uthle Aoz
Nidagdl=

B A7y 2o 429 ¢ Au9A Y
gole 2717 23 &F40] ZE ot A7|E(EH

F

ox

L

A

O

9 o o o o -

T2 3uBAZ deR 2o 249 37} BAez X
FH(TK24/FW139)8 7%, in vivo 2PN BAHE B

150 / 497887

olm YA aie) FHE FASA AsH(16%)M71E 2
Z Ho] FTHE 2). LimF9 By wad iy

A} 68%7} inclusion bodyE Uehte E4Wo| ¢ 284

g

A PL28& KSCNOo.2 Zaligls wl, o w¥hgolAM 98%%}
B rgolA 0% A BAEE R inclusion body
Yz i G4 A FRBAL Yeg olv] Bo
Tt [18].

a 2THA L G UM HIZo] ERE B9 9
shd z7) 13993 2589 HldLStd e EYEROE 7}
7] @] F £9 domaing MEHOZE ZAlEA H
g 8, #88 29 FUAY 7271 ¢l domaind F
ol F2E 71X 1 @2 domaing $AF] ZLYH A
EE 9443 unfolding® AHE EA%e F F77}
g9 Fepete AR vk AAT [6]. A o] ALY
g 7% goIX 5 domaing wE Hldle Azt
9, ¢l domaing slute] FTHY F2E 7HAH, 22
domaine FHY F28 /M4 Fede RS 23 &
o} gteb £ 29 domainzte] AEAES WA in-
clusion body2] A3} B} Y& THAAL ¢1 dom-
aino] F83A A48 Aoz AgdL F, A4F v
a7zt FAY Aol Fe opvile] X$o] 41
domain®} £9 &x7 =8 AA A &FA4 ofv|=it
go] B} Bo-Ad E99 S22 o8 BE $3H9

")

o ot



EYER FHES a

Table 2. Relative activities of wild type and mutant
tryptophan synthase @ subunits

TSase Relative Specific Activities(%)

Wild Type 100

FW139 8712
TA24/FW139 6017
TM24/FW139 108£20
TS24/FW139 57+8
TL24/FW139 104+4
TK24/FW139 165

Enzymatic activities were measured in stimulating catalytic
activities of B subunit in g reaction (indole + serine —
tryptophan + H;0)

FEHAS ZAo=2 As g

Aol obd g F9 MBEF Y £49 ol
A N4ES vmsle] EU(data not shown) 24 7]
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kcal/moli Ef ooy Wgod B} 937 & o}y
Ao g Zdo glojA A7) 4 e =79 A5 A
Fo Bqgtle B d7EAE ALY Fon B 5
At

il

(o] [=]3
I3 =

2 drolMe B3d EYER FHEL(tryptophan
synthase) ¢ 2E$}A ) 94 %‘\01 249 2719 |
Ruz &5k 4 7] Edede] HEled, gad,
A, F4 Ee gadod &g didE qFgleA
AF BEAA F84 72 ¢ w84 inclusion
body}& zAte 2 A3 vEled °lUr FALE A
B4 o 299 Edodo] e AddAs) vt
A8 84 F27 RES i}xlé}%lﬂ whe, Aol
ol-a}l,] e a]/\]og z]_g.g] E}ungag
inclusion bodyZ #@EHI} o] A= EHER &

%A Eo A=

10.

11.

12.

249 77] A$EH
oA £99 glolA 248 27)7} dejdin
ok
Utel 2

4 gedr2RAvld 9

. Adachi, O., Kohn, L. D, and Miles, E. W. 1974. A

rapid method for preparing crystalline £, subunit
of tryptophan synthase of Escherichia coli in high
yield, ]. Biol. Chem. 249, 7756.

. Albert, T. 1989. Mutational effects of protein stability,

Ann. Rev. Biochem., 58, 765.

. Anfinsen, C. B. 1973. Principles that govern the

folding of protein chains, Science, 181, 223.

. Betts, S., Haase-Pettingell, C. and King, ]. 1997. Mu-

tational effects on inclusion body formation, Adv.
Protein. Chem., 50, 243.

. Bychkova, V. E. and Ptitsyn, O. B. 1995. Folding in-

termediates are involved in genetic disease?, FEBS
Letters, 359, 6.

. Choi, S. G. and Hardman, J. K. 1995. Unfolding

properties of tryptophan-containing alpha-subunits
of the Escherichia coli tryptophan synthase, ]. Biol.
Chem. 270, 28177.

Creighton, T. E. 1993. Proteins : Structures and Mo-
lecular Properties, pp.383-84 2nd Ed. Freeman.

. Darnell, J., Lodish, H. and Baltimore, D. 1990. Mo-

lecular C. B. pp.659-62, 2nd Ed. Scientific American
Books.

. Faeder, E. ], and Hammes, G. G. 1970. Kinetic

studies of tryptophan synthase. Interaction of subs-
trates with 8 subunit, Biochemistry 9, 4043.
Gething, M. J. and Sambrook, J. 1992. Protein fo-
Iding in the cell, Nature, 355, 33.

Higgins, W., Fairwell,. T. and Miles, E. W. 1979 An
active proteolytic derivative of the alpha subunit of
tryptophan synthase. Identification of the site of
cleavage and characterization of the fragment,
Biochemistry, 22, 4827.

Hyde, C. C,, Ahmed, S. A, Padlan, E. A, Miles, E.
W. and Davies, D. R. 1988. Three-dimensional stru-
cture of the tryptophan synthase @8, multienzyme
complex from Salmonella typhimurium, |]. Biol. Chem.

Korean ]. Life Science, Vol. 9. No. 2(1999. 4) / 151



13.

14.

15.

16.

17.

18.

19.

wEy -

267, 17857.

Kayastha, A. M., Sawa, U.,, Nagata, 5. and Miles, E.
W. 1990. Site-directed mutagenesis of the 8 subunit
of tryptophan synthase from Salmonella typhimurium,
J. Biol. Chem., 266, 7618.

Kirschner, K., Wiskocil, R. L., Foehn, M. and Rezeau,
L. 1975. The tryptophan synthase from Escherichia
coli. An improved purification procedure for the
alpha-subunit and binding studies with substrate
analogues, Eur. |. Biochem. 60, 513.

Leggett-Bailey, J. 1962. Techniques in Protein Chemistry
p249, Elsevier Scientific Publishing Co. Inc, New
York.

Lim, W. K, Brouillette, C. and Hardman, J. K. 1992.
Thermal stabilities of mutant Escherichia coli of try-
ptophan synthase alpha subunits, Arch. Biochem.
Biophys., 292, 34.

Lim, W. K, Shin, H. ], Milton. D. L., and Hardman,
J. K. 1991. Relative activities and stabilities of mutant
Escherichia coli tryptophan synthase alpha subunits, J.
Bactriol., 173, 1886.

Lim, W. K, Smith-Somerville, H. E. and Hardman,
J. K. 1989. Solubilization and renaturation of over-
expressed aggregates of mutant tryptophan synthase
alpha subunits, Appl, Environ. Micro., 55, 1106.
Martin, J. Horwich, A. L. and Hartl, F. U, 1992.
Prevention of protein denaturation under heat stress

152 / A9=etgR)

20.

21

23.

24

25.

A% - W87 - Q8]

by the chaeronin Hsp60, Science, 258, 995.

Miles, E. W., Yutani, K. and Ogasahara, K. 1982,
Guanidine hydrochloride induced unfolding of the
alpha subunit of tryptophan synthase and of the
two alpha proteolytic fragments : evidence for ste-
pwise unfolding of the two alpha domains, Bioche-
mistry 21, 2586.

Milton, D. L, Napier, M. L, Muers, R. W. and
Hardman, J. K. 1986. In vitro mutagenesis and over-
expression of the Escherichia coli trpA gene and the
partial characterization of the resultant tryptophan
synthase mutant alpha subunits, J. Biol. Chem. 261,
16604.

. Mitraki, A. and King, ]. 1989. Bio/Technology 7,

690.

Sambrook, ]., Fritsch, E. F., and Maniatis, T. 1989.
Molecular Cloning 1.82-1.84, Cold Spring Harbor
Laboratory, 2nd. Ed. USA.

Sarker, K. D., and Hardman, J. K. 1995. Affinities of
phosphorylated substrates for the E. coli tryptophan
synthase alpha-subunit: roles of Ser-235 and helix-8
dipole, Proteins: Structure, Function, and Genetics, 21,
130.

Selkoe, K. ]. 1996. Amyloid beta-protein and the
genetics of Alzheimer's disease, J. Biol. Chem., 271,
18295.



