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Abstract

We have used a simple and efficient approach by combining the known functional and structural properties of penicillin
G acylase (PGA) front. coli, and tried to mutate PGA dacillus megaterium with the goal of increasing the stability of
the enzyme in organic solvents or at acidic pH. The PGA mutaffi$2® A, KB430A and K3427A/KB430A obtained have
higher stability in DMF than the wild-type PGA.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction and 7-ACA with the appropriate-amino acid analogs
[1]. PGA can be used in the synthesis @dactam
Since the end of the 1960s, the majority of antibiotics following the kinetic-controlled synthesis.
N-deacylations of penicillin and cephalosporin G for However, following this strategy, stable enzymes are
industrial production of 6-APA and 7-ADCA has nheeded to withstand the unfavorable reaction condi-
been carried out by a group of penicillin G acylases tions (i.e. acidic pH in favor of the synthetic process,
(PGAs, EC 3.5.1.11) to accelerate the commercial- cosolvents to influence thekpof the carboxyl group)
ization of semi-syntheti@-lactam antibiotics. In the  [2].
last 20 years, more efforts were made to employ the  Protein engineering has been used in many ways to
same enzymes in the synthesis of new cephalosporinsimprove the properties of enzymes. Natural enzymes
based on the catalysis of the reverse reaction, i.e. theare likely to be suboptimal in biocatalytic applica-
acylation of theB-lactam nucleus, such as 7-ADCA tions because of their pH optima and pH-dependent
instabilities. The isoelectric point (IP) of a protein is
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of the protein surface is enhanced, and the mu- 2.4. Reagents

tant protein may be more stable in organic solvent

[5]. All restriction enzymes, Taq polymerase and T4
Therefore, we have searched and replaced theligase were from GIBCO BRL. Dimethylformamide

non-conserved basic residues on the protein molecular(DMF) was AR grade.

surface with neutral residues to improve the stability

of PGA.
3. Results and discussion
2. Methods and reagents Structure-based protein rational design is demon-
strated as a powerful tool to improve the biological
2.1. Software functions of proteing10-12] However, the three di-

mensional (3D) structure @&acillus megaterium PGA
PMODELING was for homology-based pro- (BPGA) is still unknown. Fortunately, there exists a
tein structure modeling6]. MSI Insight Il version homologous protein of BPGA:. coli PGA (EPGA),
95 and RASWIN 2.7.0.1 was for structure analy- with known structure (protein data bank, PDB3]
sis. Hbplus was for hydrogen bonding calculation code 1Al4). Their sequence similarity is 33%, within

[7]. the normal application scope of protein compara-
tive modeling.[14] The structure of BPGA was thus
2.2. Srains and plasmids modeled based on the single template EPGA with the

in house software package PMODELING of protein
PGA expression plasmid pEES102 was constructed comparative modelind6]. The modeled structure

as described previous[{]. (Fig. 1) is evaluated by ASSESSOR, a protein struc-
ture evaluation program in PMODELING, and the
2.3. Ste-directed mutagenesis result compatibility score is 262.4, highly exceeding

the minimum acceptable score 79.3. Meanwhile, the
The following six primers, corresponding to muta- modeled structure also had acceptable stereochemistry
tions KB427A, KB430A and K3427A/KB430A were parameters. All these showed that the protein structure
used for site-directed mutagenesis by overlap exten- model has acceptable quality of protein comparative
sion PCR[9]: modeling.
1 5-GAAAAAGGGTTGGCAGCAGAAAAAT- The v_videly_ used method to predict_ the stability
i — of protein variants based on structure is free energy
G-3; erturbation (FEP)15]. However, we had a num-
. 3-CTTTTTCCCAACCGICGTCTTTTTAC-5; E f g hi - hod in thi
. 5-TGAAAGCAGAAGCATGGCGTATGCCT-3, er of reasons not using this strict method in tis
. 3-ACTTTCGTCTTCGTACCGCATACGGA-5:; example. First, in this case, we were interested in

5. GAAAAAGGGTTGGCTGCAGAAGCATG- the stability o_f enzyme in thg _aCIdIC a_ln_d organic
G-3: - — cosolvent, which is still remaining a difficult task

for FEP method. Second, we had only the modeled

abhowiN

6. 3-CTTTTTCCCAACCGACGTCTTCGTACC-5; . . ;
protein structure in hand, which was supposed to be
The upstream primer is"A\TCATCGCTATGG- less accurate than the crystal structure. This might
GGCTTCA-3 and the downstream primer i5ATA- be an essential flaw if we want to use it for free
CTCATTCATCTTTCAGCTGTAAA-S. energy calculation. To avoid the “common error”,

PCR fragments containing mutations were cloned stated by van Gunsteren and Mdd6], “to attempt
into pEES102 byscal andSall to replace the wild-type  to improve a basically crude model by performing
fragment and were confirmed by DNA sequencing. one aspect of the calculation in a rigorous manner.”,
PGA expression, purification and activity assay were we finally adopted the empirical method to select
described previouslf8]. Purified enzyme was used as the adequate protein mutants. Refer to the results
sample for the study of enzyme stability. of Rio and RodrigueZ17] and Rio et al.[18], we
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Fig. 1. The profile plot of modeled structure evaluated by ASSESSOR. The plot was calculated using a sliding window size of 21 to
average the comparability scores of individual amino acids.

Table 1
Selection of residues to be replaced by alanine according to the rules to engineer the protein
Candidate site Number of Number of Distance to Results

salt bridges hydrogen bonds active center (A)
B314Lys 0 4 44.3 Too many hydrogen bonds
B427Lys 0 1 40.9 v
B115Lys 0 0 38.4 Close to active site
B116Lys 0 0 36.5 Close to active site
B430Lys 0 1 35.8 v
A021Lys 0 2 334 v
B492Lys 0 1 324 v
A128Lys 0 1 31.9 v
B277Arg 1 3 27.6 Salt bridge exist
B334Lys 1 2 21.8 Salt bridge exist
B450His 0 2 21.4 Not on the surface
B436Lys 1 2 20.6 Salt bridge exist
B512Lys 0 0 20.5 v
A149His 0 1 19.6 Close to active site
B199Arg 0 1 19.6 Not on the surface
B247Lys 0 3 13.6 Too many hydrogen bonds
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determined the following thumb rules to engineer the Table 2
protein: Yield and the half-lives of wild-type and mutant PGAs in 40%

DMF and at 55C
1. mutate the basic amino acids on surface, which pga

are not in the fatal structure elements (ehelix,

Yield (Uiml)  Stability ¢1/5) (min)

B-sheet ang-turn); 40% DMF*  55°CP
2. mutate non-conservative amino acids in the mul- wild type 30 31 8.6
tiple alignment of PGA sequences from others KB427A 28 32 7.4
source[19]; KB430A 28 54 15.0

. _ L . KB427A/KB430A 25 80 16.6
3. mutate the amino acids involving in few interac-

tions, i.e. no salt bridge and only few side chain ( Hafggn\f’v'ss X)i;eg"\%b{iz%g 50mM sodium phosphate buffer
hydrern bond§<(3) t(.) the other amino acids; . P bS;amples wer(:a incubated in. 50 mM sodium phosphate buffer
4. mutate the amino acids far away from the active (4 75y ar 55C.

site of the enzyme, to minimize the effect of the

mutagenesis on the activity; ) , !
5. mutate the basic amino acids to the neutral amino ffom active center were mutagenesised at first cycle

acids, to enhance the stability of enzyme in ©Of Protein engineering, i.e. Ba27A, KB430A and

non-aqueous medium; KB427A/KB4_30A‘ .
6. mutate the amino acids to smaller ones (i.e. ala- /S Shown inTable 2 the half—hvei of K3430A and
nine), to minimize conformation. KB427A/KB430A are longer in 40% DMF at 2%.

However, although the thermostability of gK30A

There are 31 basic amino acids in the surface loops, and K3427A/KB430A are also increased, the half-life
in which only 16 are not conservative (séable . of KB427A dropped a little in comparison with the
These amino acids were further selected by evaluat- wild-type enzyme. In addition, we found that all these
ing their salt bridges, side chain hydrogen bond and mutants still kept the same expression levels of the
distance to active center. Finally, six amino acids at wild-type PGAs.
positions 427K, B430K, 021K, B492K, o128K To investigate the effect of DMF on different
and 512K were considered to be most suitable for PGAs, the samples were incubated in DMF of dif-
mutagenesis. However, only two amino acids distant ferent concentrations at °C (Fig. 2). As shown
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Fig. 2. Stabilities of wild-type and mutant PGAs in DMF of different concentrations. Samples with the same initial enzyme activity of
5U/ml were incubated in ice bath in DMF of different concentrations. The residual activities were assayed after 3h. The enzyme activity
in 0% DMF was described as 100%. Symbal)(KB427A/KB430A; (O) KB427A; (A\) KB430A; (v) wild type.
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in Fig. 2 the residual activity of I8427/KB430A is comparable to the most thermostable PGA ever
in 60% DMF is 29.4%, and B427A with 17.6%, reported (almost 15 min at 5%) [19]. KB427A
while the wild-type enzyme only has 2.2% residual seemed to only contribute to the stability in DMF but
activity. not thermostability.
In short, we have obtained three mutants with the
same hydrolytic activities as those of the parent PGA.
4. Conclusion Among these, two mutants have enhanced stability in
DMF or at 55°C. Another mutant only has improved
B-Lactamic antibiotic industry is undergoing a stability in DMF.
huge reformation by enzymatic synthesis. Two dif- No obvious stability enhancement of PGA in acidic
ferent strategies, kinetic-controlled synthesis and pH was observed; perhaps the lowering of IP was not
thermodynamic-controlled synthesis, were brought enough. We hope that multiple mutations of amino
forward. Thermodynamic-controlled synthesis is con- acids may bring about certain change.
trastively direct way toward synthetic reaction. But
highly stable enzymes are necessary in this strategy,
especially in cosolvent condition, which increase the Acknowledgements
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