Facile Purification of a C-Terminal Extended His-Tagged
Vibrio mimicus Arylesterase and Characterization
of the Purified Enzyme

Ya-Lin Lee?, Rey-Chang Chang®, and Jei-Fu Shaw™*

“instilule of Batany, Academia Sinica, Nankang, Taipei, Taiwan 115249, and "Depantment of Sea-Food Technology,
China College of Marine Technobogy, Taiped, Tanvan 111

ABSTRACTE:  Vibrior nrinicus arylesterase, a 20 kDa protein, is o
muititune Honal enzyme with thivesterase and chymntrypsin-like
activities. Because an affinity His-tag isix consecutive histidine
affinity tagi directly to the protein caused The loss of enzyme ac-
tivity, a hexadecapeptide with His-tag, ADRPNSSSVDKLAAALL-
HHHHHF encoded fram vector pET-20bi+1 was construcled to
extend rrom the carboxyl terminus of the arvlesterase. This His.
tagged protetn retained enzyme functions, Thermal unrelding De-
havior o both proteins was almost identical, and their T values
were near 33700 as monitored by circular dichrotsm, Tryptic
cleavage of the Tunctional His-tagged enzyme produced twao
smaller proteins, whiclystill possessed enzyme aclivity and which
suggesied that the additional peptide extended on the protein sur-
e [he spacing peptide between His-tag and arylesterase suce-
cosstully prevented the interfercnce of the His-tag to the enzvime
runctions. The kinelic studies showeed that the esterase and
thioesterase activitios of the His-tagped ensyvme were similar to
those of the wild tepe. On the othor hand, the catalvtic efficiency
of civmotrypsin-like activity of the Flis-lagged prolein was bwo
ttmes higher than that of the wild tepe,
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busterases (ester hydrolases) (E.C. 3110 widely distributed
in mure, catalysze the hydrolysis of ester bonds (11
Arviesterases (F.C0 301,120 show o prelerential substrate
specilicity for aromatic esters (2). The 0.6 kb gene. e,
which encades an extracellular ary lesterase. was isolated and
sequenced from the genome of Vibrio oifmicws (33, The 20
kDa arylesterase ix a novel serine arylesterase thal also has
thioesteruse and chymotrypsin-like activities (453, It has been
propused o belong to a distinet subfamily {37 within a hpoly-
tic enzyme Tumily (61,

The linkage of the His-tug (8% consecutive histidine
residues) Lo an eazyme is useful o facilitate purification by
an affinity column (7.8). However, there is no report {or the
His-tag effects upon enzymie activity and brochemical prop-
Flocw Tonen comresprondence should e cddressed.
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Copyright 3 1997 by AOUS Press

1371

erties, His-tag added on the amino werminus ol the ¥ opiim-
feas arylesterase resulted in a large decrease ol esteruse
activity {Chang, R.-C.. unpublixhed datay. In the present
study, we Tound that direct addition of His-tag to the car-
hoxyl terminus of this protein resulted 1n losing enzyme
tunctions completely. [n contrast, o recombinant enzyme
with a4 peptide. ADPNSSSVDKLAAALEHHHHHH en-
coded from vector pET-20b(+} sequence and spacing the
arylesterase and C-terminal His-tag, retained enzyme activ-
iy, This recombinant enzyme was easily purilied by imimo-
bilized Ni-resin column and sequentially characterized. The
additional peptide has little elfect on the esterase and
thioesterase activity but results in doubling the catalviic ef-
hiciency of chymotrypsin-like activity.,

MATERIALS AND METHODS

Muaterials. Oligonucleotide primers were made by DNAFax
Co. (Taipei. Taiwan), and Tag DNA polymerase and DNA se-
yuencing kit were obtained from HT Bivtechaology Lid.
(Cambridge. England) and US Biochemicials (Cleveland, (OH.
respectively. [sopropyl thio-B-p-galuctoside (IPTG) wus ob-
wined from B.M. Biochemicals (Mannheim. Germany). while
p-nitrophenyl butyrate, p-nitrophenyl decanoate. ¢-nuphthy]
butyrate. decanoyl-CoA, 3.5 -dithiobis{ 2-nitrobenzoic acid)
(OTNB). AM-carbobenzoxy-1-phenylalanine  p-nitropheny]
ester (L-NBPNPE), N-carbobenzoxy-i-phenylalanine p-nitro-
phenyl ester (N-NBPNPE), and N-cuarbobenzoxy-D-tyrosine
p-nitropheny] ester (-NBTNPE) were purchased irom Sigma
Chemical Co. (St Louls. MO Ni-NTA resin (6xHis-binding
resing was purchased from Novagene Co, {Madison, W, and
DEAE Sepharose CL-6B. Superdex 75 HRI0/30 and Q
Seplurose Fast Flow gel were the products of Pharmacia Co.
(Quarry Bay. Hong Kong). Protein molecular-weight markers
were purchased rom Novex Co. tSan Diego. CA).
Constraction of the recombinant arvlesterase gene. Re-
combinant arylesteruse genes were synthesized (tow plasmid
PLOGZAHE (3} by a two-primer polyinerase chain reaction
(PCRY method (9). Following are ihe primers used for the
gene whose His-lag direcily followed the C-terminal end of

JADICS, Vol 74, no LD 17



1372

the wild-type protein: the 5 end was ¥-TCCGCCGCATCG-
CATATGAGCGAAAAGCTTCTTGTT-¥. and the 3" end
wits 3'-GOGCTCOAGATGTTTAACCAATTC-3. These are
the primers used for the gene whose His-tag was adjacent to
the hexadecapeptide following the C-terminal end of the
wild-type: the 5° end was the same as the former, and the 3’
end wis S-GAGGATCCG CGAGATGTTTAACCAATIC-3
The former PCR products were digested with Ndel
{(CA/TATG) and Xhel (C/TCGAG) restriction enzymes, and
then ligated into a 3.7 kilobase Ndel/Xhol-restricted
pET20b(+) vector (Novagene Co.). The latter PCR products
were digested with Nedel and BamHL(GG/ATCC) restriction
enzymes, and then ligated into the Neel/Bamf|-restricted
pET20b(+1 vector. The constructed plasmids were cloned
from Escherichio colf HB1G (Promega Co.. Madison. W)
and then were transtormed into £ coli BL2ZI{DE3) (No-
vigene Co.) for targel protein overexpression, The DNA <e-
quenees of the recombinant enzymes were confirmed (1
from plasmids isolated from HB 101, Bacterial growth and
protein overexpression conditions were as previously de-
scribed (4.11).

Strertegy for the design of finetional recombinant protein.
The secondary structure of the arylesterase was predicled by
the methods of Chou and Fasman (CF)Y {12} and of Garnier
et el {GOR) ¢13). The C-terminal end of the arylesterase
wis predicted to fold into an @ helix, and the helix 1o be ex-

TABLE 1
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tended o the last histidine if His-tag was direcdy attached
o the C-terminus of the proten (data not shown). For pre-
venting the effect of His-tag to the enzyme, a recombinant
arylesterase was designed with a C-terminal extension of a
hexadecapeptide to link His-tag. The extension peptide.
ADPNSSSVDKLAAALEHHHHHLIL, was encoded from
vector pET-20bt+). and it increased the protein molecular
weight to 245 kDa. The third aminoe acid of the additional
peptide. proline, was designed to function as a helix breuker
to scparate the intact enzyme domain from C-terminal ex-
tended peptide. The predicted seconcary structure of the ad-
dittonal peptide contains an ¢ hehix, which {olds into an am-
phipathic helix from the eighth to the cighteenth amino acid
residue {Tabie | and Fig. 1).

Cell groveth condition. Bacteria were grown in LB broth.
which consisted of 15 Bacto Tryptone, 0.5% Bacto yeast ex-
rract, and 1% NaCl (pH value was adjusted to 7.0), For plas-
mid selection. ampicillin was sdded at a concentration of 50
pe/mL. Liguid cultures were shaken at 200 epm at 37°C. The
cuttures for protein overexpression were induced by adding
PTG to a final concentration ol 2.5 mM, when the ab-
sorbance value of ODg,, was approximately 0.6. Cultures
were then incubated at 30°C while vigorously shaken until
harvesting the cells.

Encyme exrraction and purification. Recombinant aryl-
asterase was purified by allinity chromatography with Ni-

Secondary Structure Prediction of the Added Peptide, According to the CF and GOR
Meihods (provided by the Genetics Computer Group, Madison, WI)

Pos'  AAY Glycos'  HybPhil® Surfbrt FloxPrt  CF-Prod” GORPred’  Aklnd®
1 A [.700 371 1.0410 — — [ARElE0]
N 3 1520 L6d7 1.000 — — 400
3 K L. 1.727 1000} T — E.300
“* N G [.314 22491 1.006 T — 1300
5 S — av 1.014 1113 I — 1.300
& 5 — 0.971 1.100 1.104 T — 1.300
7 5 — 1300 1.368 1.085% ! 1.100
B Ay — 0257 0.542 .06 H H £.450
t 3] =114 0.634 |.03Y H t -(1.150
10 K —0.486 N.478 .00 B H —0.4350
11 1. — —0.837 0,651 13175 B I+ ~0.600
12 A — -0,800 1.321 1945 n B =160}
13 A — -0.800 n278 4924 H i =0.600
14 A =090 (1.459 (918 H - —0.600
15 L — . 10c (1679 15925 11 H 0,500
1 F — 04614 0.833 0,927 Il 11 (.608
17 H — 1.524 1.122 0.5924 H H (1.750
31 Il — 2243 1.852 AR H H (1.750
14 [ 3,243 |.455 1.000 b=t I-l (L4500
20 H §.21H) FAL7 1.000 b H (hao
21 - 5,200 i.284 1.000 — I-l ARSI £]¥]
2 i — §.200 E.206 1.000 — — (800

“albreviations: Pos, position; A, amino acicd; Glyead, plycosyiation site.

"Hydrophificite (Kyte-Doolite: 17,
Surface probability iccording to Eming eral 240
" B Mexibibily according to Karplus-Sciulz i25),

"Secondary structure acuending e Chesr Tasman 0125
Secondary structure according 1o Garnier-Olsguthorpe-Rohsan 113,

Eaatigemoty index according to Jamesan-Woll 1261
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FIG. 1. Sevondary structure prediction of the additional peptide. (A: The
prediction is according 1o the CT and GOR methods, which are pro-
vided by the Genetics Computer Groups iMaelisan, WL T means turn,
aned Fneans e-helix, From the eighth 1o the eighteenth aming acid
sosidue, the additional peptide is analvzed with the “Flelicabwhee!” pro-

gram provided by the Genelics Computer Grougs: . hydrophehic

NTA resin, which ix @ His-tag binding resin as previously de-
seribed (9). The protein bound to the column was cluted with
1O M imidazole, o histidine analog. For wild-type aryl-
esterase. the harvested cell pellet (Itom 500 mi.-LB broth cul-
ture) was suspended in 40 ml, of 50 mM Tris butfer (pH 8.0,
containing 2 mM EDTA) and then frozen at =70°C for 20
min. After thawing. the suspension was sonicated and then
centrifuged. The supernatant of crude extract was separaled
on o DIAE Sepharose CL-6B column (2.6 cm x 20 cm). equi-
iibrated in 25 mM sodium phosphate bulTer. pH 7.0, Elution
wis carried oul with a linear gradient of equilibrating buffer
that contained 0.2 1o (2.3 M NaCl. The {ractions with enzyme
activity were pooled and concentrated. Gel filfration was per-
formed on a Superdex 75 column (HR1/30). equilibrated
in 25 mM sodium phosphate buffer. pH 7.0. (that contained
.0 M NaCl and 0.02% sodium azide. Elution was carried
out with the equilibrating bufter at o How rate of 0.5 ml./min.
The collected enzyme lractions were further purified on a
column packed with Q Sepharose 1Fast Flow gel (1.0 cm x
12 cm), equilibrated under the same conditions as DEAE
column chromatography. Protem purity was monttored by
sodium dJodecyl sulfate-polyvacrylamide gel electrophoresis
(SDS-PAGE) in every step of purification,

SDS-PAGE analvsis of arviesterase. 15% SDS-PAGE was
preparcd for analysis. Loading sumples were made of equal
volumes of protein solution and SDS-PAGE [oading dyc,
which contained 2% SDS and 200 mM dithiothreitol in 100
mM Tris butfer, pH 6.8. Loading samples were boiled for §
min. then cooled in an ice bath for 10 min. Afler elec-

373

trophoresis. separated protetn gels were stained by Coomassie
brilliant blue and by asctivity stains. Before activity staining.
SIS in the gel was removed by submersion in 25% iso-
propano! for 30 min twice, then in 0.1 M sodium phosphate
buffer, pH 7.0, for 30 min once (14). Esterase and protease
activily stains were performed by the methods of Tanksley
and Orton (15) and by Dickey and Collin (16). respectively.

Thermal unfolding of wild-tvpe and functionad His-tavged
arylesterases. Enzyme solutions of .15 mg/mbL in 25 mM
sacdium phosphate butfer (pH 7.03 with 0.1 M NaCl were con-
tinuously heated from 36 to 72°C (17). The thermal unfolding
of the proteins was anaiyzed by circular dichroism «CID)
through momloring changes in A€ at 235 and 235.5 nim for the
wild-type and the recombinant arylesterase. respectively. The
melling temperatures were caleulated from the unfokling
curves. The CIY spectrum was measured on a spectrophotome-
ter (Jasee J-720, Tokyo. Japan). and temperature was adjusted
with a coolllow temperature controller (Neslab, Portsmoutl,
NEH) by water circulation within the jucket of the cell.

Thermal inactivation of wild-tvpe and functional His-
ragred arviesterases. The experiments were aecomplished
according to the method described by Shaw er al. (18). En-
zyme sodutions were immersed in a 95°C water bath for viri-
ous periods, and then cooled by immersion in un ice bath. The
remaining enzyme aclivity was assayed in triplicate of es-
terase activity with p-nitrophenyi butyrate as substrate (19}

Trvpric digestion. The wild-type and the tunctional His-
tagged arvlesterases were treated with trypsin, One pl. of
trypsin (1 mg/mL) was added into a reaction mixture that con-
tained 60 prg arvlesterase and 0.3 M NaCl in 25 mM sodium
phosphate buffer (pH 7.0). Digestion was carried out wt 37°C
and sampled periodically. Reaction was stopped by adding an
equal volume ol SDS-PAGE loading dye and then heated in
boiling water for 3 min, Samples with 2 ug of protein were
analvzed on 153% SDS-PAGE.

Enzyvime assavy, Esterase activity {or the substrates p-nitro-
phenyt butyrate and p-nitropheny] decanoale was determined
at pH 7.0 and 37°C by the increase ol absorbance at 346 nm
as deseribed (19). Thioesterase activity for decanoyl-CoA and
palmitoyl-CoA were determined at pH 7.0 and 37°C by the
incregse of absorbance at 412 nm with a coupling reaction of
DTNB us deseribed (203, Chymotrypsin-like activity with
.-NBENPE. p-NBPNPE, and 1.-NBTNPE as subsirates was
determined at pH 7.5 and 37°C by the increase of absorbance
at 00 nm as deseribed (21

RESULTS AND DISCUSSION

Direct addition of His-tag 1o the C-termiinal end of arvi-
esterase. Direct addition of His-tag to the C-terminal of
arylesterase resuited in a protein that fatled to exhibit esterase
and proteasc achivitics as shown by the activity silains on
SDS-PAGE gel (Fig. 2. lane 2). This recombinant protein
cotld not be purified with an affinity Ni-resin column. Be-
cause it has no actvity, this protein was not lurther purified
by conventional method.

IACKS, Vol 74, no, 111997
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FIG. 2. Pralein, ederase, amd profedase activity analysis for wild-lype
and His-tagged arylesterases on S8 PAGE. Part A, Coomassic brilliant
Blue stains, Part B, esterase activily stains. Par (, protease activily
skains, Lane M. protein molecular woeight markers: Lane 1, punfied wild-
repre arylesterase, e lane 2, crude exteact of the overexpressed re-
cumhinant protein whose His g was directly added on the C-lermmnus
end of the wild types Lane 3, purified recombinant pratein, 2 pg, wheose
Flis tag wis spaced with o hesadecapeptide.

FProtein purification. The wild-type enzyme was sequen-
tilly puntied by ion exchange (DEAE Sepharose CL-6B).
eel filtraton (Superdex 73) and a second ion exchange (Q
Sepharose Fast FFlowy chromatography (Fig. 2. lane 1), Ten
mg of purilied wild-type protein was obtained from | L of I.B
brath culture. The His-tagged protein with a spacing hexade-
capeptide was purified on an atlinity Ni-resin column (Fig, 2.
lane 3). and 12 mg of purified protein was obtained from § L
of LB broth culture. Both purified proteins showed a single
hand on SDS-PAGE stained by Coomassie brilliant blue (A),
as well as esteruse activity {B) and protease activity (C) in
Figure 2. It revealed that the recombinant protein retained en-
Zyme aetivity.

That this [unctienal His-tagged protein could be success-
fulby purilied on an affinity Ni-restin column implied that the
spaced His-tag was not buried in the interior of the protein
and made the purification by affinity column possible, This
resull supports the prediction of protein secondary structure.

Thermal unfolding and thermad inactivation af witd-rvpe
and funcrionat His-ragged arvlesterases. The unfolding frac-
non vs, temperature profiles revealed that thermal denaiura-
tion of these two proteins is almost identical (Fig. 3). T,
melting point, is the temperature al which half of the protein
modecules have unlolded, The caleulated 7, values were 53.5
and 53.7°C for the wild-type and His-lagged arylesterases, re-
spectively. In the experiment ol protein thermal inactvation,
the residual esterase activity afler heat treatment at 95°C is
shown in Figure 4. Although the protein was completely un-
folded and presumably had no enzyme sctivity at this high
temperature, couling on ice immediately after heat treatment
could recover enzyme activity. The heated times lor wild-type
and His-tagged proteins to lose hall of the enzyme activity at
95°C were 25 nuin and 18,3 min. respectively, The difference

JAQCS, vol 74 no. 111149970
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FIG. 3. Thermal utelding profiles of wild-type and functional Flis-
taged arvlesterases. T, i547Ch values were caloulated for both en.
zymes from the curves of untolding tractions vs. temperatare.

could be due to the refolding ability between the two proteins
after heat treatment and suggests that the additional peptide
did not significantly alter the intact protein structure, bur
somehow it did affect protein relolding afier heating at high
wemperature,

Trypric digestion uf wild-tvpe and functional Hix-tageed
arvlesterases. The trypsin-digested proteins were analyzed
on SDS-PAGE (Fig. 5). The wild type (lanes | -6) was rather
intact afler profease treatment: however, the His-tagged pro-
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FIG. 4. Thermal inactivation of the wild-type and functional lis-tagged
arvlesterases at 937°C, The heated wild tvpe and His-tagged proteins re-
tained half of 1he enzvme activity sfter heating a1 95°C for 25 min and
18.3 min, cespectively,
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FEG. 5. Trypiic digestion of wild-type and recombinam arvlesterase. The
serinb-rligested proteins were separated on 13%, SDS-PAGL. Part AL pris-
tein Coomassic brilliant hlue staina. Part B esterase activity stains, Lane
N protein molecular weight markeee, Lanes 10, the wildh ype was oli-
gested Tor 0, 5, 10, 20, 30, 40 min, respectively. Lanes 7- 12, he recom-
hinanl was digested Tor O, 5,10, 20, 30, 40 min, respectively.

TABLE 2

NANT ARYLESTERASE 1475
tein {lanes 7-12) was digested into two slightly smaller pro-
teins. which still possessed enzyme function as monitored by
aclivity stain {B).

The only difference between both enzymes was the C-ter-
minal extension of (he His-tugged protein, There are two ly-
sing residues located in the C-terminus of this protein, one in
the extension peptide, and another one located next to the C-
termmal amino acid of wild-lype arylesterase sequence.
These two could be the sites Tor protease digestion that
cleaved the His-tagged protein into two smaller proteins. [t
also served as evidence that the additional peptide exposed
on the protein surface thus readily hydrolyzed and conse-
quentdy did not interfere with the engyme intact structure.

Enzvine kinetic studies. The His-tagged arylesterase had
the same functions as the wild type o hydrolyze esters.
thioesters, and amino acid derivatives. The resulls of enzyvine
kKinctiv stidies are shown in Table 2. In seneral. both wild-
d enzymes exhibited similar activities
when hydrolyzing ester and thioester substrates. The shorter
acyl chainlength of p-nitrophenyl ester {(p-nitrophenyl] bu-
tyrate) was preferred to the longer one for both enzymes. Ax

type and His-lugge
e

for tuoester substrates, the His-tagged enzyme had similar
k., values (18,5, 18.6 571y and the same K, values (31,1 uM)
for palmitoyl-CoA und decanoyl-CoA. However. the wild
type preferred 1o hvdrolyze the longer acy! chainlength of
acyl-CoA (palnoyl-CoA),

The chymaotrypsin-like activity of the His-tagged enzyme
showed twice the catalylic elficiency value of that of the wild
Lype. The increased activity was largety contributed by the
decreased K values. It suggests that the additional peptide of
the recombinunt enzyme might shghtly change the enzyme
conformation and increase (he enzyme wftinity toward antino
aciel derivatives.

Conclusion. In general. His-tagged protein puritication is

Kinetic Parameters for Wild-Type and Recombinanl Arylesterase

Wildl-iyvpe arvlesterase

Recombinant arvlesterase

Kr.-.‘ kn al i\ .||"J'Kr|r Krl.' kc -1l kv .n"“lﬁm
[ITant s TRRTLEY HERYY 151 ! puvti
Faters
p-Nitrophenyt butveae R 1221 RIETEN: 4707 1halll 0.3
p-Nitrophenyl decanoae P NI 0.7 a4 i 2104 {1,260
Acyl-Con
Decanemd-Cos RN 17.4 a2 B S 9} 0.7347
Palmitoy]-CoA 27 3.0 {1.569 A 18.0 0.5497
Amino acid derivative
L-NBENPL 222 7o RN 1116 7.2 .68
C-NBINPE 357 73 ERISS 218 B EREE

Mhe activitres msobution were deternuned as described inothe the Materials aned setheds secian,
winclic data were caleulated rom the Lineweaver-Burk pleds 1220 aoed linear segression plots, Fach

data point is e average value of thees independenl measorements. K&

units o g, s e ST M respectively; T-NE
phenyd esler; T-NBTNVE, Necarbinhen ey | -berosin

e e AR B the

PNPE, N-carbobenzosyv-c-pheny lalanine pasira-
w-pr aetrepbienyt ester.
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cusy and rapid, but a different arrangement of His-tag in the
recombinant protein may result in ditferent elfects on protein
structure and functions. The resulting alterations may involve
changes in many hiochemical characteristics, including ki-
netic behavior, substrate specificity, and thermostability.

His-tag can cause loss of enzyme activity, such as by di-
reet addition to the C-terminus of the Vo miniicus urylesterase.
Our experimental results revealed that a spacing of hexade-
capeptide between C-terminus and His-tag can both facilitale
enzyme purification and retain enzyme functions. The [unc-
tional His-tagged protein has been crystallized {11), and the
X-ray crystallographic study for this protein is underwuy. The
kinetic study showed that chymotrypsin-like activity of the
enzyme was even increased by this modification. It implied
that the C-terminus of the enzyme can be engineered to alter
or improve enzyme activity and biochemical properties. For
hoth industrial applications and basic rescarch, we have in-
troduced a new method to rearrange the His-tag for functional
protein processing.
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