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[ ABSTRACT] AIM: To constct nine novel L-asparaginase mutants and study their enzyme-activity. METHODS; The mu-

tants were constructed using overlap extenson PCR according to the principle of alanine-scanning mutagenesis. The enzyme-ac-

tivity was detected by Nessler' s method. RESULTS: The DNA sequencing showed that the mutagenesis was consistent with the

theoretical prediction. The enzyme-activity assay demonstrated that each mutant possessed enzyme activity equal to the original

enzyme. CONCLUSION: Through gene madification epitop of L-asparaginase was changed without activity loss. These results

pwovide foundation for further study of the structure-function relationship of L-asparmaginase.
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L-Asparaginase (L-ASP, L-asparagine aminohy-
drolase, EC. 3. 5. 1. 1) is widely used in the treatment of
acute lymphoblastic leukemia (ALL, mainly in chil-
dren), acute myelomonocitic leukemia, lymphosarcoma
and melanosarcoma, for its ability to catalyze the deami-
nation of L-asparagine (L-Asn) to L-aspartic acid (L-
Asp). Tis antitumor activity is based on the fact that cer-
tain tumor cells, especially ALL tumor cells, have nutri-
tional dependence on the external supply of Asn. In con-
trast, nomal cells are protected from Asn-starvation dur-
ing L-ASP therapy due 1o the ability to produce
Asit*? _The emyme is currently employed within the
framework of combination chemotherapy schedule which
achieves a treatment response about 90% and long-tem

34 .
(34 . However, seri-

remission in the majority of patients
ous side effects often happen during L -ASP therapy. The
hypersensitivity reaction, the main restriction to L-ASP
clinical application, is caused by antigenicity for the rea-
son that L-ASP is a foreign protein with high antigenici-
ty.

Studies indicated that two predicted peptides,
2TPARKHTS™ and *°' KNGTAV*® exhibited stonger

[ Atticle ID]

1000— 5048(2005) 05— 0468— 05

antigenicity than other peptides . The fomer involves
thiee continwous alkaline residues Aw-Lys-His, and the
latter contains three polar residues Lys-Asn and Thr.
Thus, an interactive site with macromolecules pwobably
formed because of the asymmetric distribution of charges
on the enzyme molecular sufacd ®”'. In addition, study
on protein structure-function elationship showed that Iys
was essential in the antibody-antigen interaction. There-
fore, we selected these polar residues as mutagenic sites.
These two peptides were not involved in the active site of
the enzyme, so the mutants shouldn't lose the activity.
In Silence’ s study, the charged residues in these
two antigenic peptides of L-ASP were systematically con-
verted to alanine according to the principle of alanine-
scanning mutagenesis . We selected alanine as the re-
placement residue because it eliminates the side chain
beyond the B-carbon and does not alter the main-chain
conformation (as can glycine or proline ), nor does it im-
pose extreme electrostatic or steric effects. Furthermore,
alanire is the most abundant amino acid and frequently
appears in both buried and exposed positions of all vari-

eties of secondary structures. Alanine-scanning site-di-
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rected mutagenesis can be used to assess the residues’
individual function and characterize the role of the
residues'

Site-directed mutagenesis is a powerful tool for ana-
lyzing protein structurefunction relationship. Techniques
designed to introduce mutations contain mainly the
oligonu cleotide-directed mutagenesis system, box-muta-
genesis and mutagenesis using overlap extension PCR
(OE-PCR)''™ ™ | OE-PCR can generate site-directed
mutagenesis through three PCRs only. This mutagenesis
technique does ot rely on available restrictive sites and
multiple subcloning steps. In addition to point muta-
tions, insertions and deletions can be obtained using this
method independent of the taigeted sequences. So OE-
PCR is widely used to generate site-directed mutagene-
sis. In this paper, nine novel mutants were obtained us-

ing OE-PCR.

Tab. 1  Complementary primers used to generate the mutagenesis

1 Materials and methods

1.1 Materials

The recombinant E. coli pKA/ CPU210009 con-
taining the asmB of L-ASP was previously constructed
and preserved in our lab'?. E. wli JM109 was pre-
sewved in our lab. Pfu DNA polymerase and dNTP were
purchased from Shenergy Biocolor Biological Science &
Technology Company. Bgl I, KpnI and T4 DNA ligase
were products of MBI Fermentas. Potein standard mark-
ers were obtained from TaKaRa Biotechnology Co. Lid.
DNA gel purification kit was from V-gene Biotechnology
Co., Lid.. All primers were synthesized by Shanghai
Genebase Gene-Tech Co., Ltd. .
1.2 Site-directal mutagenesis

The mutated genes were generated by OF-PCR! =
Primers used for site-directed mutagenesis are listed in

Tab. 1.

Mutants Primers Sequences
Foward primer a 5'TAC CCA C GG TAC C GA CAC GAT G 3'
Kpnl
Reversed primer d 5'CTG ATT GA A GATCT G CTG GAT CIG C 3

192 ~ 199 peptide nucleotide sequence

Bgl Il

5'ACC CCG GCA CGT AAG CAC ACC AGC3'

Arg Lys His

L-ASPm 1 /RI195A K19%6A
HI197A
L-ASPm II/K 196A H197A

L-ASPm IIV R195A K19%6A

bl
cl
bl
cll
bIIT

clll
L-ASPm [V/ R195A H197A b1V
clV
261 ~ 266 peptide nucleotide sequence
L-ASPm V/K261A bV
cV
L-ASPm V/N262A b VI
cVI
L-ASPm VIV G 263A b VI
c VI
L-ASPm VIV T264A b VIl
eVl
L-ASPm [X/K261A N262A bIX
G263A T264A cIX

3'G GTT GCA TGG GGC CGT CGT CGT CGT 5'
5'A GCA GCA GCA ACC AGC GAT ACG C 3
3'GCA TGG GGC CGT GCA CGT CGT TGG 5
5'G GCA CGT GCA GCA ACC AGC GAT ACG C 3
3'GCA TGG GGC CGT CGT CGT GTG TGG 5
5'G GCA GCA GCA CAC ACC AGC GATACG C 3’
3'GCA TGG GGC CGT CGT TTC CGT TGG 5
5'G GCA GCA AAG GCA ACC AGC GAT ACG C 3'
5'AAA AAC GGC ACT GCA GTA3'

Lys Asan Gly Thr
3'GAC CGT TGG CGG CGC CCTTTG €CG 5
5'CC GCC GCG GCA AAC GGC ACT GCA G 3
3'CGT TGG CGG CGC TTT CGT CCG TGA 5’
5'CC GCG AAA GCA GGC ACT GCA GTA G 3
3'TGG CGG CGC TIT TTG CGT TGA CGT 5
5'CG AAA AAC GCA ACT GCA GTA GTG C 3
3'CGG CGC TITTTG CCG CGT CGT CAT 5
5'AA AAC GGC GCA GCA GTA GTG CGT T 3
3'AC CGT TGG CGG CGC CGT CGT CGT CGT CG 5
5'CG GCA GCA GCA GCA GCA GTA GIG CGT TC3'

Sites of mutagenesis are underlined. Letters in box are sequences recgnized by restrictive enzymes

Primers ¢ [ ~ cIX were forward primers and primers bI ~ bIX were reversed primers. Amino acids that were mutagenized to Ala are represented in holdface.
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The recombinant plasmid pKA/ CPU210009 was ex-
tracted and used as the template for PCR 1 and PCR 2,
which produced fragment AB and CD using primers a b
and ¢, d , respectively. Primers b and ¢ containing mu-
tagenic sites were partially complementary to each other.
Therefore, these two DNA fragments had overlap ends
and could serve as a primer for generating mutated genes
(ADm) in PCR 3. All the PCR products were recovered
from electiophoresis gel using DNA gel purification kit.
The nine mutants named L-ASPmI ~ IXwere obtained
using mutagenic primer-pairs bl /¢l ~bIXcIX
1.3 Cloning of mutants

The mutated genes were digested with Bel I/
Kpnl , then ligated into the plasmid pKA/CPU210009
digested with the same restriction enzymes. The recom-
binant plasmids were transformed into E. w/li JM109.
The positive clones were identified by PCR. The site-di-
recled mutagenesis were further verified by sequencing.
The obtained mutants were designated as E. coli pKA/
CPU210009-L-ASPm1 ~ IX.

1.4 Emyme-activity assay and SDS-PAGE assay

The positive mutants, as well as wild-type strain
were cultured in LB liquid medium supplied with
100 #g/mL ampicillin at 37 “C for 12 h. The seed cul-
tures were inoculated into fermentative medium (5%, v/
v) for expression under the same condition for additional
18 h. Then the bacterial cells were harvested by cen-
trifugation at 8 000 1/ min for 5 min.

The cells were suspended in 0. 1 mol/L borate
buffer (pH 8.4), containning 40 mmol/ L. L-Asn , and
the reaction mixture was incubated at 37 C for 15 min.
The reaction was stopped with 1 mL of 50%
trichloroacetic acid. The amount of NHy  was deter-
mined by the Nessler's method " . A unit (U) of L-ASP
was detemined as the amount of enzyme that catalyzes
0. 04 mol/ L L-asparagine liberating 1 mmol of ammonia
at 37 Cfor 1 min.

The bacteria were subjected to SDS-PAGE for the

analysis of expression pwoducts. The gels were stained

with Coomassie Brilliant Blue R-250.

2 Results

2.1 Site-divectad mutagenesis

PCR products were analyzed in 1. 5% agarose gel
and the bands with correct size were clearly shown in
Fig. 1. Taking L-ASPm [ for example, the fragments of
337 bp and 3% bp were ABT and CD1I , respectively.
Both of the mutated OE-PCR products of L-ASPm [ and
wild-type L-ASP were 721 bp. The mutagenesis of
L-ASPm] ~IX were verified in gel electrophoresis
analysis( Fig. 2).
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Fic. 1 L-ASPml constiucted by OE-PCR

(A)Summary of mutagenesis strategy for L-ASPm 1 by OE-PCR;
(B)Gel electiophoresis analysis of L-ASPm [

M:DNA Marker; 1: ABI ;2. CD [ ;3: Wild-type L-ASP; 4. L-ASPmI
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Fig. 2 Gel electophoresis analysis of OE-PCR products of 9 mutants
M: DNA Marker; 1; L-ASPm [; 2 L-ASPn II; 3: L-ASPm 1[I} 4: L-ASPm [V;
5.L-ASPn V; 6 L-ASPn VI;7: L-ASPm VI 8: L-ASPm VI 9: L-ASPm IX
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2.2 DNA sequencing
The DNA sequencing results poved that the mutat-

Tab. 2 Partial sequencing results of mutants and amino acids replaced by Ala

ed genes were consistent with the theoretical prediction

(Tab.2).

Strains Partial sequences Target residues
Wild-ty pe 515/ CGTACCCCGGCACGTAAGCACACCAGCGAT 3 - ArglysHis. ..o
L-ASPn [ 5115/ CGTACCCCGGCA GCA GCA GCAACCAGCGAT 3' . AlzAlzAla. .. ...
L-ASPn 11 515 CGTACCCCGGCACGTGCAGCAACCAGCGAT 3 - ArgAla-Ala. . ... L
L-ASPn 11 515 CGTACCCCGGCA GCAGCACACACCAGCGAT 3' . AlaAlaHis. ... ...
L-ASPn IV 515 CGTACCCCGGCA GCAAAG GCAACCAGCGAT 3' . AlalysAla. .. ... .
Wild- type B5' GCGAAAAACGGCACTGCAGTAGTGCGTTCT 3 . IysAsoGly-Thr. . . . .
L-ASPn V ®5' GCG GCAAACGG CACTGCAGTAGTGCGTTCT 3' . Ala-AsoGlyThr. . . . .
L-ASPn VI ®5'GCGAAA GCAGGCACTGCAGTAGTGCGTTCT 3' . Iys AlaGlyThr. . . . .
L-ASPn VI ®5' GCGAAAAACGCAACTGCAGTAGTGCGTTCT 3' . IysAsrAlaThr . . . .
L-ASPn VI B5' GCGAAAAACGGCGCAGCAGTAGTGCGITCT 3' . IysAsnGly-Ala . . . .
L-ASPn IX ®5' GCG GCAGCAGCAGCAGCAGTAGTGCGTTCT 3' . AlaAlaAla-Ala. . . . .

Bases undeilined are according to the target residues and the mutagenic sites are indicated in boldface

2.3 Reults of activity assay and SDS-PAGE

The comparative enzyme activity of wild-type strain
versus mutants was studied parallelly. The enzyme activ-
ity of mutants didn"t decrease significantly compared
with wild-type strain. These results indicated that the
mutated residues were not involved in the active site of
the enzyme and not necessary for the catalytic activity.
The results provide a foundation for further investigating

their structure-function relationship.
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Fig. 3 Comparison of the L-ASP activity of wild-type and mutants( n= 3)

The SDS-PAGE analysis of the mutants was studied
parallelly compared with that of E. wli M109 and
E. coli pKA/CPU210009. Clearly visible bands were
observed with the same molecular weight (34 kDa) as
wild-type L-ASP (Fig. 4). Gel scanning showed that
the content of targeted protein in the total bacterial pro-
tein of mutants didn’t decrease markedly compared with
that of wild-type strain.

3 Discussion

Studies shawed that the active site of L-ASP was

located in N-teminal domain, in which a scarce left-
handed B-a- structure composed the bracket of active

centell 15 16 .

In this paper, the mutated peptides were
not involved in the active site. The results indicated that
the mutagenesis of peptides 2 TPA RKHTS'”  and
PIKNGTAV™® apparently didn't affect L-ASP activity
and expression. These studies provided foundation for
further exploration of the stmicture-function relationship

of L-ASP.
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Fig. 4 SDSPAGE profik of proteins expressed in wild-type L-ASP and
mutants

. E. oli M109; 2. Wild-type; 3: L-ASPm 1 ; 4. L-ASPm 1I; 5. L-
ASPm I 6: L-ASPm [V; 7. L-ASPm V; 8: L-ASPm V[ 9: L-ASPm
VIt 10; Z-ASPm VI 11: Z-ASPm [X; M: Protein martker

Antigenicity is the main reason for the toxic effect
of foreign protein drug and greatly restricts the applica-
tion of this kind of bio-tech drug in clinical use. Various
methods were used to modify L-ASP in order to elimi-

nate 1its (1719

antigenicity such as monomethoxy-
polyethylene glycol modification, liposome shielding, im-
mobilizing modification and so on. Though these methods
countercheck the antigenic determination, the loss of ac-

tivity was great and this poblem was not well solved. In
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our work, we modlfy L-ASP on molecular level flI’Sﬂy [ 10] Aiyar As Xiang Y, Leis J. Site-directed mutagenesis using overlap ex-
. . . . . tenson PCR[J]. Methods Mbl Biol, 1996 57:177—191.
The mutated sites were not involved in the active sites of ension PCRLJ] !
h Al th o o [ 11] Newton DI, Rybak SM. Preparation of recanbinant RNase single-
e enzyme, so all the mutants possessed enzyme activity chain antibody fusion proteins| J] . Mol Bioiechnok 2002, 20C1); 63
equal to the original enzyme. —76.
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