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Abstract — Pectate Iyase produced by recombinant strain containing pectate lyase gene from alkali-
tolerant Bacillus sp. YA-14 was succesively purified with 257.6 purification folds and a 10.2% yields
by the affinity method, CM-cellulose column chromatography followed by gel filtration on Sephadex
G-100 column. The optimal pH and temperature for pectate lyase activity were 100 and 60C,
respectively. The enzyme was stable between pH 4.0 and 10.0, and up to 50C. The molecular
weight of this enzyme was estimated to be 43,000 daltons by SDS-PAGE. Amino acid analysis
showed that the enzyme contained more polar and basic amino acids, especially serine, glycine
and tyrosine, than that of various pectate lyase from other strains. The N-terminal amino acid

sequence was Ala-Asp-Leu-Gly-His-GIn-Thr.

Pectin is an important structural component of
the plant cell wall and heteropolysaccharide with
a backbone consisting of partially methyl-esterified
galacturonic acid. Pectic enzymes are classified into
two main types : de-esterifying enzyme such as
pectin methyl esterase, which removes methoxyl
groups from pectin to yield polygalacturonate and
methanol, and a range of depolymerizing enzymes.
This latter class can be further divided into those
which break the glycosidic linkages of the pectin
backbone by hydrolysis, e.g. polygalacturonase, and
those which cleave by B-elimination, the lvase (20).

These enzymes act in concert at the onset of
pathogenesis with pectin methyl esterase being re-
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quired for maximum degradation since the pectate
lyase will not degrade highly methoxylated regions
in pectin.

In addition to their role in pathogenesis these
enzymes provide an excellent model for the inves-
tigation of protein secretion in Gram-negative bac-
teria (5,7, 8, 13, 15, 19, 23, 24) because these enzy-
mes may have common domains or structures re-
quired for interaction with the export machinery.

Pectinase 1s used in the food industry, particulary
for the clarification of fruit and vegetable juices.
They are commonly used in combination (3).

In our laboratory, a pectate lyase gene from al-
kali-tolerant Bacillus sp. YA-14, which was isolated
from soil to have produce the xylanase (25), xylosi-
dase (16, 26), cyclodextrin glycosyl transferase (4, 9,
27), P-galactosidase (28), endoglucanase (11) and
pectate lyase (18,29) was cloned into E. coli, and
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invesgated its chemical or physical properties of
the purified pectate lyase from donor and recombi-
nant strain (29). In this report, we describe the
characterization of the pectate lyase exported ext-
racellularlj/ from B. subtilis harboring recombinant
plasmid and analysis of its N-terrminal amino acid
by th® amino acid sequencing.

We also discuss the whole physical and chemical
characterization of the purified pectate lyase.

Materials and Methods

Chemicals

DABITC (4-NN'-dimethylaminoazobenzene 4'-
isothiocyanate), PITC (phenyl isothiocyanate), TFA
(trifluoroacetic acid), polygalacturonic acid (sodium
salt), Sephadex G-100, CM-cellulose were purchas-
ed from Sigma Co., LTD.

Polygram polyamide-6 TLC (thin layer chromato-
graphy) sheets were purchased from Macherey-Na-
gel Co., LTD.

Bacterial strains and media used

Descriptions of bacterial strains and plasmid used
are given 1n Table 1.

For puritying the pectate lyase, Bacillus cells
were grown in LB medium, or YC broth (0.2% (NH,),
504, 0.3% casamino acid, 0.2% yeast extract, 0.02%
Mg50,+7H,0, 0.7% sodium polygalacturonic acid,
0.04% CaCl,-2H,0) for enrichment of the enzyme,
and for seed culture, we used PAB medium (Anti-
biotic 3 Medium). Antibiotic levels used to select
and maintain plasmids were 10 ug/m/ for kanamy-
cin, 0.1 yg/m! for chloramphenicol.

Enzyme purification

Each 5 m/ of the 13 hr-seed culture of the orga-
nism was inoculated into the main culture flask
(1%), and incubated at 37C for 16 hrs on a rotary
shaker. Crude enzyme solution was prepared by
affinity method modifying the Ward’s method (14).
Bacterial cells were removed by centrifugation and
the pH of the supernatant fluid was adjusted to
8.5. Sodium polygalacturonic acids as a substrate
(5 mg/m{ 1n medium) were slowly added in a step-
wise manners. Next, 1.0 M CaCl,-2H.0 was imme-
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Table 1. Bacterial strains and plasmids used in experi-
ment

Strains and _ Source
Properties

plasmid reference

Bactllus sp. YA-14 alkali-tolerant Yu ef al. (30)

Bacillus subtilis rk™, mk ", amyEQ7 Shirozo ef al.
207-25 aroi906, hsrM

lys21, leuAS8, recE4

pl2BS-Af1+15Kb Kim, J.M.

pelk gene
Km', CRS

p12BS-Af1-PL

diately added and the resulting calcium precipitate
gel was filtered through Whatman No. 43 filter by
vacuum with a Buchner funnel. And then it was
washed with equal volume of 0.1 M Tris-HCI buffer
(pH 8.5) containing 0.1 M CaCl,:2H,0. Precipitates
were then eluted with 50 mM Tris-HCl buffer (pH
7.5) containing 0.1 M CaCl,-2H,0O and 0.5M NaCl.
The solution concentrated by an ultrafiltrater (Ad-
vance Model UHP-43, Toyo) was applied to a co-
lumn (3.7X22 cm) of CM-cellulose, which was pre-
viously equilibrated with 50 mM Tris-HCl buffer
(pH 7.5). The enzyme was eluted with a linear gra-
dient of zero to 0.7M NaCl in the same buffer.

Pectate lyase rich fractions were pooled, concent-
rated with ultrahltrater, and then subjected to gel
filtration using a Sephadex G-100 column (1.8X90
cm), previously equilibrated with the same buffer.

SDS-polyacrylamide (12.5%) electrophoresis was
performed for homogeneity determination according
to the method of Laemmli (12).

Assay method

Pectate lyase activity was assayed as described
in the previously paper (21, 22). The initial reaction
rate of the enzymatic action was determined by
measuring absorbancy changes at 235 nm during
the initial one minute in the reaction mixture (0.5
m{ of 0.2 M Tris-HCI (pH 85), 0.2 m/ of 3 mM CaCl,
2H,0, 1 m! of 1% polygalacturonic acid, and 1.27
m/ of Hy0). Under this condition, one unit of pec-
tate lyase was defined as the increase in absorba-
ncy at 235 nm for one minute per 1 m/ of enzyme
solution (AO.D. 235/min/m/). The amount of pro-
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tein in the enzyme solution was estimated by the
method of Bradford (1) using bovine serum albumin
as a standard protein.

N-terminal amino acid sequence determination

To determine the sequence of amino acid near
the N-terminal region of purified enzyme, DA-
BITC/PITC double coupling method of Chang ef

al. was used (2).

Analysis of the amino acid composition

Amino acid analysis was performed on samples
hydrolyzed with 6 N HCl at 105C for 24 hr by
using a modification of the Pico-Tag system of Wa-
ters Associations, Inc.

Results and Discussion

Purification of enzyme

The overall purification procedures are summari-
zed 1n Table 2. The results of the last two steps
in the procedure are shown in Figs.1 and 2. The
enzyme was successively purified with 257.6 folds
and a 10.2% yield. The purified enzyme was demo-
nstrated to be homogeneous by polyacrylamide gel
electrophoresis, as shown in Fig. 3A.

The molecular weight of the enzyme was estimat-
ed to be about 43,000 daltons by SDS-polyacryla-
mide gel electrophoresis as shown in Fig. 3B. App-
roximately the same value was also obtained by
gel filtration with Sephadex (-100.

Properties of enzyme

Effect of pH on activity and stability: The effect
of pH on the activity and stability of the enzyme
is shown mn Fig. 4. The activity was the greatest
at pH 10.0. The enzyme was relatively stable within

657

a pH range from 4.0 to 10.0 at 30C.

Effect of temperature on activity and stability:
The activity was greatest at 55C at pH 8.5. The
enzyme was relatively stable below 50C and 60%
of initial activity was lost at 65C (Fig. 6).

Effect of cations on activity: Highly purified so-
dium polygalacturonic acid was used to avoid the
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Fig. 1. Chromatogram of pectate lyase on a CM-cellu-
lose column (3.7X22 cm).

Pectate lyase was pooled fractions which have pectate
lyase activity and loaded directly to a column of CM-
cellulose (pH 7.5) and eluted at 50 mi/h with 0—~0.7 M
NaCl. Collected fraction volume was 6 ml.
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Fig. 2. Gel filtration chromatogram of pectate lyase
on a Sephadex G-100 column (1.8X90 cm).
Flow rate: 10.2 mi/hr, Collected fraction: 3 m/

Table 2. Purification of pectate lyase from alkalitolerant Bacillus sp. YA-14

— YT

Step Total acti:vity Total protein Specific activity Yield Purification
(UX107%) (mg) (U/mg) (%) fold
Culture supernatant 1.3 9672 14.34 100 1
Affinity in batch 1.04 66.1 156774 79 110
CM-cellulose 0.46 16.2 28249 32.8 197
Gel filtration 0.14 3.84 3694.4 10.2 257.6
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Fig. 3. A) SDS-polyacrylamide gel electrophoresis pat-
tern of the pectate lyase in each purification step.
Electrophoresis on 12% acrylamide gel in the presence
of 5DS was performed. For each lane; A, standard pro-
tein molecular weight marker; B, culture supernatant
of B. subtilis 207-25 (p12BS-Af1-PL); C, after the affi-
nity method in batch; D, after CM-cellulose column
chromatography; E, after Sephadex G-100 gel filtration
column chromatography.

B) Molecular weight estimation of pectate lyase by
SDS-PAGE.

Molecular weights of marker proteins are (from top to
bottom); albumin beovine, 66,000; albumin egg, 45,000;
glyceraldehyde-3-phosphate  dehydrogenase, 36,000;
carbonic anhydrase, 29,000; trypsinogen, 24,000 and
trypsin inhibitor, 20,000
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Fig. 4. Effect of pH on the activity (A) and stability
(B) of pectate lyase.

These buffers were each used in the range; pH 2.0~
7.0 (@), 50 mM citrate phosphate buffer, pH 7.0~9.0 (a),
50 mM Tris-HCl buffer, pH 9.0~12.0 (m), 50 mM gly-
cine-NaOH buffer. Reaction was performed at 30C for
30 min in each pH buffer.

masking effect due to contaminating cations in the
substrate. The enzyme required cations for activity.
Ca?~ was most effective in the activity. Sr°*, Co® ",
K", and Na' produced a third of the maximum
activity, but Mg®* had no effect on the activity. The
optimum CaCly-2H,0 concentration was 0.4 mM on
0.1% sodium polygalacturonate, and 0.9 mM on .33
% sodium polygalacturonate, respectively (data not
shown).

These results suggest the possibility that calcium
combines with the substrate rather than the enz-
yme. Nagel and Wilson have discussed the possibi-
lity that the pectate lyase of B. polymixa may deg-
rade the calcium-bridged substrate (6).

Amino acid composition analyses and N-terminal
amino acid sequence determination

As shown in Table 3, this pectate lyase had rela-
tively many Ser,Tyr and Gly. Additionaly, the com-
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Fig. 5. Effect of temperature on the activity (A) and
stability {(B) of pectate lyase.

After the enzyme was treated at each temperature for
30 min, residual activity of the pectate lyase was mea-
sured.

position of basic amino acid such as Lys, Arg, and
His was higher than acidic amino acid, and these
compositions more high than pectate lyases from
other stramns such as Yersinia pseudotuberculosis
(15), Erwirnia carotovora (13), and Erwinia chrysan-
themi (10).

To investigate the signal sequence required in
exporting in Bacillus sp., the N-terminal amino acid
sequence of pectate lyase was determined by DA-
BITC/PITC double coupling method.

DABTH derivatives were identified by TLC on
polygram polyamide-6. The sequence determined
for the N-terminus of pectate lyase was Ala-Asp-
Leu-Gly-His-GIn-Thr (Fig. 7), and each amino acd
spot site was compared with its standard amino
acid on TLC at the same condition.
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Table 3. Amino acid composition analysis of pectate
ivase from alkalitolerant Bacillus sp. YA-14

Composition by Composition by

nucleotide acid
sequence analysis
Non-polar
Ala 26 27
Val 20 20
Leu 18 19
[le 25 23
Pro 14 14
Met 3 2
Phe 8 9
Trp 7 UuD
Polar
Gly 40 40
Ser 47 46
Thr 29 29
Cys 1 1
Tyr 25 26
Asx 65 68
Glx 23 24
Basic
Lys 26 25
Arg 11 10
His 11 11
Total 399 397
M.W. 43,890 43,670

*UD: not detected, **Asx: Asp+4+Asn, Glx: Glu+Gln.

This amino acid i1s i1dentical to the amino acid
sequence predicted from the neucleotide sequence
if the protein starts at the 22 amino acid of the
ORF. That is to say, the cleavage point of the signal
peptide in pectate lyase is between two alanines
(amino acids 21 and 22), and it has been confirmed
by N-terminal amino acid sequence of the purified
mature pectate lyase protein. Generally, signal pep-
tide contains a positively charged N-terminal re-
gion, a 10-15 residue hydrophobic region, and a 5-
6 residue polar carboxyl-terminal including a typical
cleavage site for signal peptidase [ (17). In the sig-
nal sequence deduced from nucleotide sequence 1t
contains the two Lys-residues in the N-terminal re-
gion, a 12 residue hydrophobic region. These resu-
[ts agreed with above suggestions. Comparison of
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Fig. 6. Photograph of the polyamide TLC sheets resulting from sequence analysis of purified pectate lyase from

Bacillus sp. YA-14.
Only DABTH-amino acids appeared red. Both the by-products and the added marker were blue. DABTH-derivati-

ves are identified by the single letter amino acid code. 1; solvent 1, glacial acetic acid: water (1:2 by vol), 2;
solvent 2, toluene: n-hexane: glacial acetic acid (2:1:1 by vol)

Table 4. Comparison of the signal peptide in pectolytic enzymes from other strains

Pectolytic enzymes Signal peptide Reference

Pectate lyase K Met Lys Lys Val Met Leu Ala Thr Ala Leu Phe Leu Gly Leu Thr
(Bacillus sp. YA-14) Pro Ala Gly Ala Asn Ala Ala Asp Leu Gly

This study

Ito ef al. (33)

Pectate lyase |
(K. caroto)
Pectate lyase A
(E. caroto)
Pectate lyase E
(E. chrysa)

Pectate lyase B

Met Lys Tyr Leu Leu Pro Ser Ala Ala Leu Gly Leu Leu Ala Ala
Arg Gly Pro Thr Asp Asn Gly Ala Asn Thr Gly

Met Lys Tyr Leu Leu Pro Ser Ala Ala Ala Gly Leu Leu Leu Leu
Ala Ala Gln Pro Thr Met Ala Ala Asn Thr Gly

Met Lys Asn Thr Arg Val Arg Ser Ile Gly Thr Lys Ser Leu Leu
Ala Ala Val Val Thr Ala Ala Leu Met Ala Thr Ser Ala Tyr Ala
Ala Val Glu Thr

Met Lys Ser Leu Ile Thr Pro Ile Ala Ala Gly Leu Leu Leu Ala

Lel ef al (4)

Keen et al. (31)

Keen et al. (31)

(E. chrysa) Phe Ser GIn Tyr Ser Leu Ala Ala Asp Thr Gly

Pectate lyase Met Lys Lys Arg Ala Leu Leu Leu Ser Met Ser Val Leu Ala Met Manulis ¢f al. (5)
(Y. pseudo) Leu Tyr Ile Pro Ala Gly Gln Ala Ala Glu lle Asp

Pectin esterase Met Leu Lys Thr Ile Ser Gly Thr Leu Ala Leu Ser Leu lle Leu Plastow, G.S. (3)
(E. chrysa) Ala Ala Ser Val His Gln Ala Gln Ala Ala Thr Thr Tyr

Polygalacturonase Met Asn His Arg Tyr Thr Leu Leu Ala Leu Ala Ala Ala Ala Leu Huang et al. (8)
(P solana) Ser Ala Gly Ala His Ala Thr Gly Thr Ser

*Arrow indicates the cleavage site for the signal peptidase. Bacillus sp YA-14: alkalitolerant Bacillus sp. YA-14,
E. carolo: Evwinia carolovora, E. chrysa: Erwinia chrysanthemi, Y. pseudo: Yerstnia pseudotuberculosis, P. solana:
Pseudorionas solanacearum.

signal peptide with various pectolytic enzyme pro- contained in N-terminal region, and the Ala-Ala

duced by other strains is shown in Table 4. In most bond 1s cleaved mostly by signal peptidase. The

cases, basic amino acid such as Lys is commonly existence and its length of the signal peptide in
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pectate lyase was also confirmed by amino acid co-
mposition analysis. The derived amino acid compo-
sition by DNA sequencing was agreed with compo-
sition by analysis to purified protein as shown in
Table 3. In addition to this, the mass of matured
protein was consisted with the one of precursor
if the first 21 amino acids are removed.

From the above results, we can say that pectate
lyase from alkalitolerant Bacilus sp. YA-14 1s diffe-
rent from other pectolytic enzymes in physical pro-
perties and the part of protein structure containing
N-termini region.
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