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Abstract

As one of the eight amino acids essential to human being, L-Phenylalanine
(L-Phe) is an important organic compound intermediate, which can be widely used
in food industry, medicine, and chemical engineering. It is a major food additive and
anticancer medicament intermediate. What is more, it is the raw material of
aspartame synthesis, which made it widely demanded in the market.

Fermentation by immobilized cells is one of the broadly used ways to produce
L-Phenylalanine. In this study, two innovative immobilized systems ——
SA-CMC/CaCl, and NaCS-PDMDAAC microcapsule systems were used to
immobilize recombinant E. coli for the extractive fermentation of L-Phe.

The extraction of L-phenylalanine using di-(2-ethylhexyl) phosphoric acid
(D2EHPA) as extractant and cyclohexane as diluent was studied firstly. The factors
that influence the L-Phe extraction process such as the concentration of L-Phe and
D2EHP, the pH value and the temperature as well as back-extraction were
investigated. The results showed that the distribution coefficient decreased with
increasing temperature and depended on the concentration of L-Phe and the initial
pH value of aqueous phase. The study of the mechanism of the extraction process
indicated that the extraction complex might be composed of one L-Phe molecule and
two D2EHPA molecules. The effect of acids on the back-extraction process of L-Phe
was proved to be HCI>HNO;>H,SO,>CH3COOH, and the back-extraction ratio
increased with increasing HCI concentration and temperature.

Then the study on growth characteristics of free recombinant E. coli showed
that the cells could reach the stationary phase after 12 h of cultivation and glucose
was rapidly consumed during this time and completely consumed at 14 h. The yield
of L-Phe reached its maximum value at 10 h but decreased afterwards maybe
because of the consumption by free cells at stable time. The extractant was harmful
to recombinant E. coli, so in later studies direct contact of cells to the extractant

should be avoided. Therefore two innovative immobilized system — SA-CMC/CaCl,

il
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and NaCS-PDMDAAC microcapsule systems were used in the extractive
fermentation of L-Phe by recombinant E. coli for they had good biocompatibility.

The growth behavior of recombinant E. coli in SA-CMC/CaCl, microcapsules

prepared by using different concentrations of the components was examined. From
the above investigations, The suitable concentrations for the preparation of
SA-CMC/CaCl, microcapsules was proved to be (g L") CMC 12-14, sodium
alginate (SA) 8-10 and CaCl, 80-100. By investigation of the disruption rate of
microcapsules at different concentrations of preparation, the results showed that
SA-CMC/CaCl, microcapsules were very unstable under the presence of extractant
solvents. The relatively preferable concentrations were ( g L™): CMC 12.0, SA 10.0,
and CaCl, 100.0. The results of the extractive fermentation using recombinant E.
coli immobilized in the microcapsules prepared at the concentrations mentioned
above showed that the stationary phase of the microencapsulated cells delayed 2 h
compared with the suspension cultivation due to the mass transfer problem.
However, the biomass was a little higher. In the meanwhile, 1.70 and 10.40 g L™
L-Phe could be obtained by adding the extractant at 0 and 14 h of the extractive
fermentation, respectively.

NaCS-PDMDAAC microcapsule system used for the extractive fermentation
was also studied. The suitable concentrations for the preparation of the
microcapsules were 3%-4%(v/v) NaCS and 4%-5% PDMDAAC. By investigation of
the disruption rate of the microcapsules at different concentrations of preparation,
the results showed that NaCS-PDMDAAC microcapsules were very stable and were
not influenced by the extractant. Considering the fact of mass transfer, 3% NaCS and
4%PDMDAAC were suitable for the preparation of the microcapsules to immobilize
recombinant E. coli. The results showed that because the membrane of the
NaCS-PDMDAAC microcapsules were very compact, the stationary phase of the
immobilized cells was reached 4 h later than free cell culture. The ultimate biomass
was lower and glucose was not completely consumed, and the rest concentration of
glucose was 4 g L. Moreover, at final stage, there was no consumption of L-Phe. In
this situation, 12.5 and 13.16 g L' L-Phe could be obtained by adding the extractant

iv
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at 0 and 22 h of the extractive fermentation, respectively.

Key words : Recombinant Escherichia coli; Extractive fermentation;

L-Phenylalanine; Microcapsules
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7\ CH CH COOH
= |
NH,

L-Phe s R RIRGEIR, ANELFFR)\FEERL —, BANEERER
FEE N 31 mg kg', 41J)LH 16.9 mg kg'. EEAIETE 1879 fEHI Sgholze F
Barbieri K II H WP i S 40 B SR IG, &) IZ AR T &Rl e i,
LESIVR Y AT DL RN S IR PR AL (AL B0 L2 s,

1.1.2 L-Phe B9 A & E RS i 35488252

VE N NARPT L R EMR . —, L-Phe HAEPEZ. £ Aty | 2 i
F, A R,

(1) B INF: L-Phe 1E 4B IR AT RIDCRRA NG, nFaid, —
D7 TN A NI SR, o — D5 TG SRR B - B hE SN, TS0t XU

(2) A= CRAGERH R 7 ] 17 LA ) ok e L 4 R R P T ] By L
() L-Phe 4F5 >R 2524 18,000 t, 7 L-Phe 4F 5 T K& 60%.

(3) PP TR A BTN MO SRR R R ISR, T PSR IR O 2K
(G (IR L Y/ =1 SN E AN - RPN R o E Y R o SN 2 (WL
FILPIREE R H 1o X LSRR B AR P DL L-Phe A5 34N, HBUR R H B
FERRIN 3-5 %,

(4) B EERE  CRE AR L-Phe ] HIMENG B AME FR5R,
ERFR N A G RGO R SRR i S5 SR AR A o

(5) fEF=B EIRER . HURIREAR AR MR L-Phe A& AWK ) A i 24
M) EELRRL, M AR R B RO BT RN S5
5 B 5 1% IO 1D T B Y

fEEBET b, L-Phe 2 A Z55%. ik, BRI, 2005 4, SERET
Kk 30,000 t, HEABEF 10%-15% AR B K, SEhRaf =& 7E 14,000 t,
FE[HAE P~ B2 6000-7000 t, PHRKZ) 4200 t, HAZL) 2600 to T84 AT 35
A%, 0 Rexim SA. f#[E Amino GmbH. 7% DSM. HAWI. HAMZ
FHEEE RGN, Ho L EARE A FEKI L-Phe 42770, 4714
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