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Escherichia coli tryptophan synthase (TS) contains a3, which catalyzes the final two steps in Trp
biosynthesis. A molecular tunnel exists between the two active sites of a and 3 subunits in TS. Via
intersubunit communication, TS increases catalytic efficiency, including substrate channeling. The B
subunit of TS is composed of two domains, one of which, the COMM (communication) domain, plays
an important role in intersubunit communication. The a subunit has a TIM barrel structure. This pro-
tein has functional regions at the C terminal of 8 pleated sheets and in its loop regions. Three regions
of the a subunit (aL6 [a-loop L6], aL2, and aL3) are implicated in intersubunit communication. In the
present study, conformational changes in aL6 were monitored by measuring the sensitivity of mutant
proteins in these regions to trypsin. The addition of a a subunit-specific ligand, D,L-a-glycerophos-
phate (GP), partially restored the sensitivity of mutant proteins to trypsin. In contrast, the addition
of the B subunit-specific ligand L-serine (Ser) resulted in varied sensitivity to trypsin, with an increase
in PT53 (substitution of Pro with Thr at residue 53) and DG56, decrease in NS104 and wild type, and
no change in GD51 and PH53. This finding may be related to several reaction intermediates formed
under this condition. The addition of both GP and Ser led to a highly stable state of the complex.
The present results are consistent with the current model. The method used herein may be useful for
screening residues involved in intersubunit communication.
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Fig. 1. Trypsin Treatment of Wild Type Tryptophan Synthase (TS). Various forms of TS (a, B, and ax3;) were treated with 1 ug/ml
trypsin (A) or 5 ug/ml trypsin (B). The digestion had been stopped by adding soybean trypsin inhibitor at various times
(min) and analyzed by SDS PAGE. The last lane (*) of B panel shows a subunits treated with trypsin in the presence of
soybean trypsin inhibitor to confirm the activity of soybean trypsin inhibitor. (C) The trypsin cleavage sites of a and {3
subunits are shown. Two fragments, a-1 and a-2 are produced by cleavage of Arg-188 from a subunit. There are three cleavage
sites (Lys-272, Arg-275, and Lys-283) in 8 subunit. F1B and F2B are produced by the cleavage at Arg-275. F1A and F2A
are the N terminal fragment produced by the cleavage at Lys-272 and C-terminal fragments by the cut at Lys-283, respectively.

M, molecular markers; bottom numbers, lane numbers.
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Table 1. Sensitivities of wild type and various mutant a subunits to trypsin digestion

Free a 23, complex

Mutant None' GP? None” GP’ Ser’® GP/ Ser’
WT - 1 ! l I
GD51 l - 1 l - Ul
PH53 I ) 1 ! - -
PT53 1 - 1 ! 1 W
DG56 - - 1 ! ) I
NS104 V ) 1 l l IV

This is summary of Fig. 1 and 2. 'The effects of altered residues on trypsin digestion of aLé of a subunit. “The effects of GP
and B subunit on trypsin digestion of aL6 of a subunits were compared with that of the corresponding a subunits in the absence
of GP, Ser and both. *The effects of GP, Ser and both on trypsin digestion of aLé of a subunits were compared with the corresponding

232 complex.

1, increased sensitivity to trypsin: l, decreased sensitivity to trypsin; -, similar sensitivity; L, pronounced decreased sensitivity.
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Fig. 2. Trypsin Treatment of Wild Type and Various Mutant
TS in the Presence of Various Ligands. The a subunit
(0.39 mg/ml), B subunit (0.6 mg/ml) or a3, complex
was treated with 0.6 ug/ml trypsin in the absence of
any ligands or in the presence of 80 mM GP or 40 mM
Ser or both (GP/Ser). Aliquots of solution was stopped
by adding soybean trypsin inhibitor at various time in-
terval (2, 5, 20 min) and was analyzed by SDS-PAGE.
WT, wild type; Mutants, for example with GD51, sub-
stitution of Gly with Asp at residue 51 of a subunit.
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