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Abstract

Abstract

Phenylalanine dehydrogenase (PheDH) is an oxidoreductase, which can
catalyze the oxidation deamination of phenylalanine into phenylpyruvic acid and
coenzyme NAD" reduction for the forward reaction, the reductive amination of
phenylpyruvic acid into phenylalanine and the oxidation of NADH reduction for the
backward reaction. It had been applied for the diagnosis of phenylketonuria (PKU).
However, the PheDH for producing the kit was mostly imported from foreign
companies. The unique marine environment has rendered the enzyme to evolve
special characteristics like salt-resistant, thermophilic, cold-adapted, high pressure,
acid, alkali resistance, etc. Marine microorganisms have great potential for
applications in new genes, proteins discovery and other aspects of development.
Enzymatic reactions in organic solvent have many advantages such as improving
stereoselective, increasing substrate solubtlity and improving the thermal stability of
enzymes. To develop a novel PheDH with organic solvents resistantances, salt
tolerance and metal ion resistantances from ocean strains, the main content of this

paper and the main results obtained are as follows.

Screening of target strains. Ninety ocean strains from our laboratory were
cultured, collected, ultrasonicated, and measured for crude PheDH activity. We found
that 15 wild-type strains exhibited PheDH activity. Amount them, Bacillus
nanhaiensis had the highest activity which reached 0.940 + 0.04 U / mg. Therefore,

Bacillus nanhaiensis was chosen to be our target strains for the next experiments.

Construction of recombinant E. coli for the expression of PheDH. 12 PheDH
genes from Bacillus genus was obtained using NCBI database. Six pairs of primers
were designed after homology alignment. PheDH gene was cloned using Bacillus
nanhaiensis genome as template. PheDH gene was digested by Nde I and Xho I,

ligated with vector pET28a and transformated to BL21(DE3),

Investigation of the optimal temperature, thermal stability, optimal pH and pH

stability. PheDH was purified by nickel column and investigated for the optimum

III



Abstract

temperature, thermostability, optimum pH and pH stability. We found that the
optimum temperature was 40 ‘C. PheDH retained over 80 % of initial avtivity after
incubation for 1 h below 45 °C. The optimum pH for the enzymatic reaction was 10.0.

PheDH exhibited best pH stability at pH=7.5 when incubated at 50 C.

Determination of organic solvent resistance and kinetic parameters. PheDH
activity and stability were measured in 10 % (V/V), 20 % (V/V) and 30 % (V/V)
organic solvents including methanol, ethanol, ethylene glycol, isopropanol, ethylene
glycol monomethyl ether, acetonitrile and acetone. The results showed that PheDH
can retain above 80 % activity with 10 %, 20 % and 30 % methanol, ethanol, ethylene
glycol, ethylene glycol monomethyl ether and acetone. The enzyme stability was
greatly increased with 10 %, 20 % and 30 % methanol, ethanol, ethylene glycol,
ethylene glycol monomethyl ether and acetone. Km, Vimax, Keat, Keat / Ky 0f PheDH
without organic solvents, and 30 % methanol and 30 % ethylene glycol monomethyl

ether were determined and compared.

Determination of the salt tolerance of PheDH. The salt tolerance of PheDH
was evaluated by adding NaCl in the PheDH reaction mixture with a final
concentration of 0 M, 1 M, 2 M, 3 M, and 4 M. When 2 M NaCl was added, PheDH
exhibited highest activity which was 1.2-folds of that of PheDH wiouth NaCl. When 2
M NaCl was added, the stability of PheDH was greatly enhanced.

The effect of metal ions on PheDH activity. Metal ions including K*, Ni?*,
Cd?*, sr**, cu®’, Mg*, Co*, Ba**, Ca®*, Mn*, Zn** and AI** were added in the
PheDH reaction mixture to investigate the effect of metal ions on PheDH activity. The
results showed that Mn?* could increase the activity of PheDH. When 20 mM Mn?*
was added, PheDH activity was 2.2-folds of that of the original activity.

Key words: Phenylalanine dehydrogenase; protein expression; organic

solvent; salt-resistant
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