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Knzymatic generation of mutant Libraries for random mutagenesis
nf aspartase gene from F.coli ), was made. A mutant enzyme with 4-fotd
increase in  aspartase activity was found. It is stable at phi7.5-9_¢
(wild-type , pH7.0-8.0); heat stahility and o -helicity are higher than
those of the wild-type. By using site directed mutagenesis, the
aspartase was activated hy replacement of Lys-126 with an arginie
residue. The mutation produced functional atterations without
appreciabte structure changes. The optimum pH for the mutant enzyme is
8.5. The stable pH range is 7.0-9 0. Heat stabitity is higher than that
of the wild-type one; Activity af the mutant enzyme is about §-fotd as

much as that of wild type ane.  © 1993 Academic Press, Inc.

Aspartase (i -aspartate ammonia, KG4.3.1.1) catalyzes the reversihte
conversion of l-aspartate to fumarate and NH . It is an impartant
enzyme in industy, which i< maimly used to produce L-aspartic acid . In
recent years, the requirement for L-aspartic acids is increasing all
over the world. Thus, scientists pay more attention to the research on

it in order to meet the need of theory research and production.
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Previously, we showed that aspartase purified from £ coli AS[.881 celfs
is compesed of four identical subunits and has a molecular weight of
193,000. ‘the aspartase gene and its nuclentide sequence(]) from ¥ _coli
AS1.081 wused in Chinese industry has been ohtained. Here we describe
resutlts abhout enhancement of its stability and activity by random and

site-directed mutagenesis.

MATER FALS AND METHODS
Materials_. K. coli AS]. 881 was provided Institute of Micro hiology
Academia Sinica, Beijing; E.coli J, containing plaswmid carrying
aspartase gene was stored at our (ab. An ofigionucteotide primer was
synthesized using a System | plus DNA  Synthesizer by the
method of solid phosphoramidiate in the Institute of Lell Biology,
Shanghai

Other reagents were purchased from SABL Company, China.

Enzymatic generation of wmutant L(ibraries in vitro
for random smutagenesis ot the aspartase gene_ This was carried
nut as (2.

Site-directed mutagenesis_The Lys-126 mutant was
constructed dirvectty on the double-stranded plasmid vsing the method

described by Ming, H.(3>. The plasmid pBRI22 containing the aspartase

gene from K. coli }, was as the target of site -directed mntagenesis with
an otigonucleotide of 2] hases in  lengeth, K. cobi f that  has
not aspartase activity was transtormed with the above mutant plasmid.
Hecause replacement of Lys-126 with an arginine had been introduced Mot
restriction site, thus mutant was confirmed by restriction site and INA
sequence analysis,

kEnzyme preparation. Wild-type aspartase was purified
as described in Ref(4). The procedures for the mutant enzyme were
essentially the same as those for witd-type (Tahle 1), Potvacrytamide
gel etectrophoresis was used to identify purification of two enzymes.

Activity measurement and protein determination.
These were carried out as Ref(5).

Amino acid composition analysis. This was made in

HITACHI 835-50 Amino Acid Anatyzer (Table 2).
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RESHLTS AN DISECUSSTON

Purifications nf hath wild-type and mutant enzymes

The mutants were screensd hy the method of cett enzvme activity
and indentitied by restriction site and UNA sequancing. During the
purifiration, the denatured protein was removed by nurteoprotamine
(NHOSO, frartion,  BEAF-sephadex A 30, Sephadex  H-200  column
chromatography.  The results were shown in tah(e 1. Both wild-type and
mutant enzymes were homogeneous hy judgement of potyacrviamide gel

electrophoresis,

€O spectra of both wild-type and mutant enzymes

th spectra of both wild-type and mutant enzymes were measured
in order tn compare the structural differences . The mutants had atmost
the same spectra as the witd-type enzyme (Fig 1), and gel filtration

showed that it had the same molecniar weight as that of the witd-type

one. These results indicate that there are no obvions differences in
secondary and guatermary structures between the witd-type and mutant

enzymes.

The acitivty of mutant enzymes
The activities of the wmutant enzymes ohtained by random and

site~directed mutagenesis were respectively 4-fold and 5-fold as much

Table 1. Purification of the wild-type and mutant enzymes
Enzyme Procedures Yolume Amoun! of Specific Activity Recovery Purification
protein activity units yieid times
(al) (ng) (u/mg) ) (%)

Wild-type Crude enzyme 39 960.57 83.95 80641. 44 R
Nur (eoprotamine 13 706. 49 167.80 118549.80 147 2.00

Heat 39 164.58 1166.63 192003. 41 238 13.89

DEAE-Sephadex A-50 175 t3.50 1874. 22 25302.82 3L.38 22.33

Sephadex 6-200 25 2. 49 8974. 48 22364.40 27.13 106.90

Nutant enzyme Crude enzyme 40 70 319.07 2910885.0¢ 2 -—-—--- -
(Random Mutage- Nucteo proatamine 40 611.4 566.92 346613.55 118.175 1.496
nesis) 50%(NH > S0 40 354.2 869.85 308100.92 105.56 2.295
Heat 36.5 192.16 2579.26 496146.02 169.98 6.801
35%(NH ) 50 10 124.17 2747.63 342629. 49 117.39 7.248

DEAE-Sephadex A-50 60 6. 165 35509. 14 218913.82 75.00 93.67

Mutant enzyme Crude enzyme 42 335.58 300.87 177669.15 e e
(Lys126 ~Argli26> 50N ) SO 40 216.00 1038.87 224395.92 126.3 3. 42
80%(NH > SO 10 67.20 3895. 25 261760.93 147.3 12.95

BEAE-Sephadex A-50 30 1.40 46266.56 64541.85 36.33 153.98
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Fig. 1. LD spectra of aspartases from wild-type, site-directed
(solid tine) and random mutagenesis (hroken line) strains,
The caleulated a -helicity is as follows,

The aspartase ohtained by witd-type and site-directed, 29 3%
The aspartase ohtained by random mutagenesis,36.3%

as that of the witd-type one under standard assay conditions(see Tahtle
1.3>. The enhancement of former activity may bhe owing tao the change of
amino acid composition (see Tahle 2) and the new spatial rontormation
af active site is more reasonable. When aspartase was modified with
maleic anhydride and o-methyl-isonrea, respectively, rapid inactivatinp
took place. According to the conservation region (MGHUKEEYQYL) for
different resources of aspartase, we putative that Lys-126 wmay be
rafative to aspartase activity. Because of similar properties of ly<
and Arg, the enzyme structure will nol show ohvious changes after

mutation. But atkatinity of Lys is lower than that of Arg, which can

Table 2. Amino acid composition analysis
of the wild-type and its mutan?

Amino acid Mutant Witd-type Amina acid  Mutani  Wild-type

residues residyes

Asp+Asn 57 55 Iie 30 33
Thr 25 26 Len 40 43
Ser 20 22 Tyr 16 16

Gluthiln 56 51 Phe 13 13
Gly 33 35 Lys 27 27
Ala 41 42 fis 3 9
tys 1 1 Arg 19 15
Vat 41 43 Fra 22 20
Ne't 17 1h
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Table 3. At pH7.0, the kinetic properties of
the witd-type and mutant enzymes

Enzyme Km(M) Vm(nM > L Xnin)
wild-type(w) 0.016 39.850
mutant (random) n. 100 159.360
(mr)
mutant (site-dire- 0,120 196,10
cledy (mud?

Vatur) Vo(w) == 4
Ym(modd ¥m(w) =2 §,

lead to the change of the optimum pH. The resutts showed that the mutant

enzyme was activated by replacement of Lys-126 with an arginine residue

Thermostability of mutant enzymes

The mutant enzyme obtained by random mutagenesis showed the
increase of thermostahitity (Fig. 2). At 30°C, the activity increases
gradually with the incubated time, but wild-type enzyme decreases
gradualty under the same condition. At 40°C, both decrease graduatly,
but the decrease of wild-type is faster. After heing incubate for 45
minutes at 50°C, the wild-type conserves about 17% of its activity,
while mutant enzyme conserves ahout 30% of that. At £0(7, bath
inactivated quickty after heing incubated for 5 minutes. That is 1o say
that the heat «<tability of mutant enzvmy is better than that of
witd-type one_ Comparison witha -helicity of hoth wild-tvpe and mutant
enzvmes, we know n-helicity of mr is higher, i e, the mutant
enzyme increase the rigidity of conformation. this may he the reason of
improvement  of  heat stahitity. The wmutant enzyme obtained by
site-directed mutagenesis teads 1o an increased thermostability as well
(Fig. 2). This may be due to an increase of ratio in the Arg to Arg plus
bvs and conversion of lysine to arginine residue leads to an increased

thermostabi (itv(§, 7).

The pH stability of mutant enzymes
The optimm pH of mutant enzyme ohtained by random mutagenesis is

8.0(wild-type,8.0>. The stahle ph range is 7.5-9.0 (wild-type,
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Fig. 2. Thermostability of the wild-type and mutant aspartase.
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Fig.3a The optimum pH of the witd tvpe ami mutant enzymes.
Jwitd -type, pHY 0.
e==e== Random mutagenesis, pHE 0.
seveses  Nite-directed mutagenesis, pHR_s.
Fig.3b. The pit stabiiity range of the wild-tvpe and mutant aspartace,
-~ —,witd-type. pH7 G-8.0.
- - ,mutant enzyme by random mutagenesis, pH7 S-4. 0,

—-,mntant enzymes hy site directed matagenesis, pH7 0 9.0,
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7.0-8.0). The optimum pH of mutant enzyme ohtained by site-directed
wmulagenesis is 8.5. bis stable pH range is 7.0-9.0Csee Fig.3). This may
be due to the change of Lys to Arg. Owing te lower alkalinity of Lys
than that of Arg, there is a change in optimum pH. At pHg.Q, both mutant
enzymes show negative cooperativity, while they show positive
cooperativity at pH$. 0.

Our results suggest that two mutant wmethods produced simitar
action. There are, however,obvious differences in the properties of the
wild-type and mutant enzymes. The malecular basis of these alterations
is now hbeing investigated in order to clarify the retlationships

between the two enzyme types.
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