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Production of L-Tryptophan by Enzymatic Processes

Lee, In-Young', Kyung-Seop Ahn', Ik-Hwan Kim' and Sun-Bok Lee*
'Enzyme Technology Lab. Genetic Engineering Research Institute, KIST, Dagjeon 305-606, Korea
‘“Department of Chemical Engineering. Pohang Institute of Science and Technology, Pohang 790-600 Korea

Abstract — Enzymatic synthesis of L-tryptophan(Trp) using E. coli tryptophanase has been inve-
stigated. In order to reduce the substrate inhibition by indole and to increase the product
yield of L-tryptophan three different approaches have been made in this work. First, indole
was intermittently fed to the reaction mixture in order to control the indole concentration
at lower level. When 15 mM of indole was used as a total amount of substrate, conversion
yield of 80% has been obtained with intermittent feeding while only 20% of indole was conver-
ted into L-tryptophan by conventional batch operation. The second method employed in this
work was the use of cyclohexane-phosphate buffer organic two-phase system. In this system,
indole was mainly partitioned into the organic-solvent phase and therefore substrate inhibition
was expected to be reduced. L-Tryptophan production in organic two-phase system was, howe-
ver, unexpectedly lower than that obtained in aqueous buffer solution. As a third method
cvclodextrins have been added to the agueous reaction mixture. It was found that the addition
of B-cyclodextrin enhanced the tryptophan synthesis noticeably while a-cyclodextrin showed

little effect on tryptophan production.
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Fig. 1. Lffect of pH and temperature on tryptophanase
activity.

(/ ), Tryptophan hydrolysis reaction;
synthesis reaction.

(@), Tryptophan

5‘\ T - T ™
20 +
=
e
N
= »
% \"‘x
2 10f ‘“\\1
-A-H‘\--.th
[} n 1 1 ! _1
() 1 Z 3 4 5

Indole (mM)

Fig. 2. Effect of indole conceniration on tryptophanase
activity.

(Pyruvate, 200 mM; NH,Cl, 200 mM; Enzyme loading,
0.5 mg/m{; Temperature, 40C; pH, 8.0).
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Fig. 3. Enhancement of tryptophan synthesis by inter-
mittent feeding of substrate.

(Temperature, 40C; pH, 8.0; Enzyme loading, 2 mg/m/)
(a), Cuse for intermittent feeding of indole; (b), Case
for constant indole concentration=95 mM: (¢), Cons-
tant indole concentration = 18.4 mM.

c7) 5 7bghel] we} -7 3
Aetg e o 7 glrf eole} tte] 7)Ao o)gk A
zkro] zsf =y & clo}H v] 98] substrate inhtbi-
tion modelel] wZ &5 21(15)8 ¢]-8-3}o] Michaelis
2 Km#t AsfAy Kiss Ha 4o fe] A4kg
0.61 mM, 099 mM= t}ejr} vfg oHe
E Frell A 7ol 2)g qafzt F5 o 7 <l

"

Aat zbzb

¢ e
1

‘E_l-.,'-i:-?--l w7k "ot

ol¥-o] A48 A a5 A sh7] 23] 27] ¢l=
,’:é:TLm‘wé- 5mM % ?l-cf:‘} 1l H} ] O}E;E_ *“L'EE_/’I” 1 mM

dEE sk 444

Fo5mM -1e]i

& o] gl
Z7] Bl g g v 288 o ¢ e, 27
ol E 55 E 5mME & A5l 3417 ool %
lEe] Ao Wi Byrgow Hihdglid s

] ﬂ
& Fi7F 184 mM<l A9 “‘Jﬂ--'f; 0/‘];’} *?'Mf’i



76

Table 1. Effect of solvent on enzymatic synthesis of
tryptophan*®

Relative

Solvent Activity (%)= log P, ***
DMSO ~{0 —2.03
Water Methanol ~0 — (.66
miscible Ethanol ~{ —0.32
Acetone ~0 — (.24
Ethyl acetate ~0 0.70
Butanol ~{) 0.88
Water Chloroform 4.0 1.96
immiscible  Benzene 14.5 2.14
Toluene 15.6 2.58
Cyclohexane 65.5 3.11

*Reactions were carried out at 40C and pH 8.0 for 24
hours in the presence of equal volume of organic sol-
vent and buffer. *Enzyme activities are expressed as
percentages of the activity measured in the absence
of organic solvent. ***Data source: Leo ef al. (16).

W osEol smM o4t W gAEET @Hs 2
sabglid, ol &4 whge] Hue] wds] u
FoR F73 2

77|20 ol&AHIAMe] EREE &d
oluld o 7 F A UFSA| F7)8vlE AR o
A 7bA 2 A -HE AR E=

()
°
A48y HllE 5 Uk EHED A HE7
(=)

2ol 2 acetone, DMSO, ethanol, methanolg AH%
5t¢d 37, water immiscible -f-7]-%-7} £+ butanol, eth-
ylacetate, chloroform, benzene, toluene, cyclohe-
xane-S A3ttt gl A 9] Eax HEG-of ¥]3}e]
G718 S AbRalelS A-eol digh AdAel EY
£33 A4S Table 1o Aejzlsded, #7180 &
Axpo] BAE dolr7| $sle] log Paghs A
vebdigicl. #7182 hydrophobicityE “tEtH=
log P& n-octanol/water o A7 ol 412} F-wh A 42
gk e.2 4 log P gto]l 5% Aol Foh16).

Kor. | Appl. Microbiol. Biotechnol.

1y & " (a)
ot
o
E:;G — 1} &% PO A_h , & A
— 2k
n = X =N
- " - F o — a2 * (b)
1t
al Ot
jaTy]
- A A B D et
- A
v
[
_2 A 1 ! i ; I . 1 1 ;
2 3 4 5 6 7 8 9 10 1

pH in aqueous phase

Fig. 4. Partitioning of substrates and product of cyclo-

hexane/water system.
(a), Without surfactant; (b), With 7.5 mM of Aliquat 336

(®), Indole; (a), Pyruvate; (W), Tryptophan.
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Fig. 5. Tryptophan production in two-phase system (veo-
lume ratio of cyclohexane to water is 1.0).
(Temperature, 40C; pH, 8.0; Enzyme loading, 2 mg/m/)
(@), Aqueous phase, indole 20 mM; (A), Organic two
phase, indole 20 mM; (), Organic two phase contai-
ning Aliquat 336, indole 20 mM; (2.), Aqueous phase,
indole 100 mM: ( 1), Organic two phase containing Ali-
quat 336, indole 100 mM.
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Fig. 6. Effect of cyclodextrin on tryptophan synthesis.
(20 mM 1ndole; 200 mM pyruvate; 200 mM NH,Cl: En-
zyme loading, 2 mg/m/; Temperature, 40C; pH, 8.0)
(@), Control; (W), 20 mM a-cyclodextrin: (a), 20 mM
B-cyclodextrin,
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