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ABSTRACT: ViJlrio mimicu,~ arylesterase, a 20 kDa protein, is a 
nlultiiuln~ tifma] enzyme with Ihioe,qer,tse at:<] chyl~qntl-yl)sin-like 
activilies, gecaLise an aflinily His-tag ,:six consecut ive his{idin0 
affinily' tag:l clirectly, [o the prnh.qn cau,4~d Ihe loss of enzyllq[? aL- 
tivity, a hr,.,xade(-a]X':l::.tide v,.,itl'. His-tag, A1)I'NSSSVf)K1.AAAL.r_- 
HHH1-]HH encoded  from vector pET-2Ob,:+i was (.iJllS]l-Ut:l(xt [{I 

,Pxlen(J (mnl the carboxyl tr,_'lnlil~uls of the arvlesterase. This His. 
taggell pr~lein r,~:,[a]rqr,.,.(] enzyme fLJn,r..-ti,r'~l~,S. Thermal unroh-ling l>e. 
hm,.'i[~r ol l~oIh proteins was ahnosl identical, and lheir T vakles 
were near 54:>(.7 as rnonilored 1),,. cilr.:ular dicl:,loism. l-ryl:>tic 
,: le,tvage of lhe I'un~:tiemal His-tagged enzyme fm~du,:ed 1,a.'o 
smaller i)rGeins, which slill i~{~ssessed enZynlC a(_livily and whi{ h 
suggeslt.,ct [hal the addilii~na] ]leptide extended ~)n the i:~rotc.in ~t_tr'- 
Iat:e. fl',tt spa( htg pepfide hetweerl His-tag and arylesterase suc- 
cesslullv FXeVenle,d tl'i{, iNlerr'erulce of lhe His-tag to the enzyme 
functions. lhu  kh~,:,li,: sludies sh(),,.ve~l ~l~<lt Ihc esteFaSe and 
thioesterasu activilics of tl',e Hb,-h~gge(I erlzw]qe were similar ~.o 
flqose oi lhe wikr type. ()n the other hand, {he cata]yti,: effidencv 
of (I~ym~tryl)sin-like activity of Ihe t lis-lagg,:,d prolein was b.'e,~ 
lilll,{O':, higl;er than Ihdl r,.>( the wild q,'pe. 
/A(.)C5 74. 1}7l-1:176,:1 !;97). 

KEY W O R D S :  Arvle~,tei-ase, enzyme ){iriticati{m, I1is-tag, re. 
coml~inar, l i)remN n. 

t'Lsterases (esler  hydrolasenl  (E.C. 3, I ,1. xvidclv disu ' ibuled 
in nalure,  ca t :dyze  tile h y d ro ly s i s  of  es lc r  bunds  { I )  
Arv le s t c r a se s  IF-.C. 3 .1 . l , 2 . ) sho , a .  a prcferen~_ial subs l ra tc  
spec i f i c i l y  for alx~nl,:Eic es ters  (2). The I).6 kb gone. egpA, 
which encodes  an extrace[luhlr  aryles terase ,  was isolated ;.',nd 
sc~_[UCll.ccd ['l-ore ll~,e g e n o m e  of  14'hrin mimirzrs {3). The 20 
kDa :~rylcslerase is a l~uvel ser ine a ry le s i c rase  thai also has 
d]iocstcrase ;_k[1,L] chylnotryps]l l -] ike activi t ies (4.5). It has been 
proposed Io belong Io a distinct nuhf:lmily {5) wifll]n a l ipoly- 
tic" Cl~xyr~I~C f:lm]ly (6L 

The l inkage of  the His- lag ~'s]x connec:tHivr hist id inc 
res idues)  tt~ :it] e n z y n l e  i s  tLSoful Ic~ I"acilitale pur i f ica t ion  by 
an aff ini ty co lumn (7.g], However ,  lhere  is no reporl  for 1he 
His-tag effects upon enzyme act iv i ty  and b i o d l c m i c a l  prop- 

�9 ~:Iu ~s hem ct~rrc,p{,r~dcr~cc nh,t~uld be addlesned. 
I'-tlla[l: ht~pl>ha~,~, @~;cvax,sielica.edtl.hv. 

eylies.  His - tag  added  on the an~ino leriIl]TlUS of  the ~,': mim- 
hx~,s ar} . les lerase  resl_tlled iu :t large  d e c r e a s e  of cs{er:tse 
a c t i v i l y  (Chang ,  R.-C. ,  t m p u h l i s h e d  da ta l ,  In the p rcscn l  
s tudy,  we Found Ihat d i rec t  a d d i l i o n  oF l-lib-tag to the car-  
hoxy l  {ei'illiilllS of  this pro~-ein rexulJ,ed in lo s ing  ci11yitle 
t 'uncl]tms COlilplelely.  [n conm~st ,  a I'eCt'alllJ'a[ll;_ltIll el]z',/lllr 
wilh :t pep l ide .  A D P N S S S V D K I , A A A I , E H H H H I f f t  en- 
c o d e d  frcu'n v e r i e r  pET-2f lb (+)  seql, ience  aftd spac ing  the 
at 'y les terase and C-IcT-minal His- tag.  re ta ined enzy tnc  act iv-  
ily. This  i'eCOlllb]ll;_lill em,'.yn]c was ea/siIy pur i l i ed  by nnmo-  
hi l ized Ni-rexin co lumn and sequent ia]]y  charac te r ized ,  "l"he 
, 'lddlticma[ p e p l i d c  has l i l t le  e l fee l  on the cslm-asc and 
d l i~es te rase  ac t iv i ty  bull resul ts  it1 doub l ing  Ihc cat : i ]vl ic  ef- 
I ' iciency of c h y m o l r y p s i n - l i k e  activity.  

M A T E R I A L S  A N D  M E T H O D S  

,Mal~,rioLs. O]]g.ont~cleofidc pl-i111c1"5, ',3,.'el'e J11;.IdC bV D N A F a x  
(7~. ('l-aipei. Taiwan). and "Faq I )NA polylnerase and D N A  se- 
quencing kit WCl-C obl:tined f'ro117, HT Bioteci]nohtgy Lid. 
(Cambt'idge. Eilgl:Lnd} and [.iS [~]o,ct,,ellliC;.i]s (Clevr (-)H). 
respectively, b, opropyl Ihic,-[~-D-g:llal:lt:.s]de ([PTG:I was c~b- 
mined fl'om B.M. Bi{x_'hemic:ds (Mannhehn. Germanvl. wh]h:" 
/.,-nitnq:;iteny] butyr:ite, b~-n]lror~hctlyl dc'car]oatc. ,{7.-T1Ltp.hThx.] 
bufyralc ,  d c c a n o y ] - C e A .  5.5 ' -diT.hiobis(2-ni t robcnzo]c au'idl 
(DTNB}.  N-carbobcnzoxy-I . - i :~henyla la i ! inc  / J -n i l rophenyl  
ester t I..- NB PNPE), N-carhobenToxy4)-phcnytaku] inc  p-n im)- 
pheny] enler (I:,-NBPN])I"). ;rod N-c:u'l '~oberl/oxv-D-lvro:,inc 
l>-nitrc~pherly] ester (I:,-NB'T'NI:'Ii)were purchased from Sigma 
Chemical Co. (SI. Louis.  M O f  N i -NTA resitl f6xHis-bindh]g 
rc.,.in.t was purcl'lascd froln Novugene Co. (Madison. ~VI). and 
I)[,:Af': Sepharoxe CL4,B.  Superdex 75 HRI0 /30  am_l Q 
~,,:pl;,'trose I-:;.lsl H o w  gel were the products  of  PhaFII1;_l~:ia Co. 
lQuarry Bay. H,:,,~ Kon~). Protein nlolecul:tr-v,,eight markers  
were purchased I1{1I]1 NI1'V't,2X C(I. { SI, III l ) iego.  CAI,  

('e.~,vlr~cgio,t qf' lhe recr  ~rrvfe.~leRY,ve genie'. Re- 
combil tal l l  arylestm-asc genes were svnlhesized from plasmid  
pI .662dFIE (3) by a l w o - p r i m e r  p o l y m e r a s e  chain  rcac l ion  
I.P('R) me thod  (9). F o l l o w i n g  are lhe p r imers  used I"ol-the 
gent whose His-lag direct ly fc, llc, wed the C-lerl l l ] l ] : l l  enr._l of 
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~.l~c wild- type protein: the 5'  end was 5 ' - T C C G C C G C A T C G -  

C A T A T G A G C G A A A A G C T T C T T G T T - 3 " ,  and the 3'  end 

was 5 ' -GGGCTCGAGATGTTTAACCAATTC-3" .  These  are 

the (,rimers used for the gone whose  His-t.'.tg was adjacent  to 

~he hexadecapep t i de  fo l l owing  the C- te rmina l  end of  lhe 

wi ld- type:  the 5'  end was the same as the h}rmer, and lhe 3'  

end was 5 ' - G A G G A T C C G  C G A G A T G T T T A A C C A A T T C - 3 ' .  

The former  PCR products  were  d iges ted  wilh Ndel 
ICA/TATG} and Xhol ( C / T C G A G I  rcstrictiol~ cnzymes ,  and 

then l igaled into at 3.7 k i lobase  Ndel/Xhol-restricted 
pET2()b(+) vectoF (Novagt :nc Co.t.  The  latter PCR products  

v,crc d iges ted  with Nde[ and Ba,d t I  (GG/ATC.C'J restr ict ion 

e~lzyines, a11d t h e n  l igated into the Ndel/Bamff l-restr icted 
pE' t '20b(+)  vector .  The cons t ruc ted  p lasmids  were  c loned  

from E.~'cherir'hia crdi HB 101 (P romega  Co. .  Matdisoll. WIt  

and then were  I r :mshmned  into E. r BI .21(DE31 (No-  

vagene Co. } for target protein overexpress ion ,  The D N A  se- 

qunertces o f  the recombinan t  enzymes were  cr  (t0'~ 

f rom plasmids  isolated fmn~ H B I 0 1 .  Bacter ia l  gro\vlh  and 

protein ove l ' express ion  cond i t ions  were  :is previously de- 
scribed (4.1 ] ). 

.~'rraleg)'.fi;r lh.e design Ot~fimcfim~a! recombimml prurr 
The secondary  structure of  the arylesterase was predicted by 

the methods  o f  (hot1 and | ;asnt:m (C[;') (12) and of  Garn ie r  

el er ( G O R )  ~ 13.). The  C- te rmin :d  end of  the ary les ter i l se  

w:ts predicted to fold into an o'. helix, and the helix to be ex- 

tended  to the last h is t id ine  if  His - tag  was d i rec t ly  a t tached 

to the C- t e rminus  o f  tlle pro te in  (data nol shown) .  F o r  pre- 

ven t ing  the e f fec t  o f  Hi s - l ag  to the enzyrne ,  a r e c o m b i n a n l  

a ry les terase  was des igned  wilh  a C-tern'final ex t ens ion  o f  a 

h e x a d e c a p e p t i d e  lo l ink His- tag .  The  e x t e n s i o n  pept ide .  

A D P N S S S V D K L A A A L E H I - I H H H I - [ ,  was  e n c o d e d  frc, m 

vec to r  pET-20b(+) ,  and it i nc reased  the prote in  ino lecu la r  

we igh t  to 24.5 kDa.  The  third a m i n o  acid o f  the additicm:~l 

pcpt[de, proline,  was des igned  to fur, cl ion as a helix hreaker  

to separa te  [he irttacl e n z y m e  d o m a i n  f rom C-tcn-minal ex- 

tended pcptide.  The  predic led  secondary  structure ;}I" the ad- 

di t ional  peptide cont:uns an ~ helix,  which  tblds into ."1tl altl- 

phipathic helix fl 'om the eigh{tl to the e ighteenth  a ln ino acid 

res idue ('l'.'~Me I : m d  Fig. 1). 

Cell gmwH~ co,dilion. Bacter ia  were  g rown in I.B broth. 

which consis ted o f  1% Bacto Tryptone,  0 .5~ Bacto yeast ex- 

n'act, and 192 NaCI (pH valve  was ad.iusted to 7,(11). got" plas- 

mid select ion,  ampic i l l in  was added at a c~mcenm~tion o f  50 

pg tmL,  Lkluud cultures were shaken at 2 0 0  rpm at 3T 'C,  The 

cul tures  for protein overe•  were  induced by adding  

[PTG Io a final concen l r a l i on  o f  2.5 raM, when  the ab- 

sorbance  va]ue ol- OD(~00 was a p p r o x i m a t e l y  (I.6. Cul tu res  

were  I h e n  incuba ted  at 3(YC while  v igo rous ly  shaken until 

harvesthtg the ceils. 

E ,  cyme ea'lracfimt (rod pur(fic'(r Recornbinar~t arvl-  

es te rase  was  puri f ied by aff ini ty  c h r o m a t o g r a p h y  with Ni- 

TABLE 1 
Secondary Structure Prediction of the Added Peptide, According to the CF and GOR 
Melhods (provided by the Genelics Computer Group, Madison, W[) 

["os '~ AA" Glyc:oS '~ ItvPhtl a Sulfll-h ~ FlexPr d ( F-'rc-('" (,OR ~r:,d r 

1 A [ . 7 0 0  1 . 5 7 1  1 . 0 0 [ )  - -  

2 D 1.520 1.647 1.0t)['J --  
3 P L .4C,0 1.727 1.00[} T 
4 N (2- r.3 I , t  2.291 1 .Otto T 
3 S - -  O.q? l  t.OIg 1,113 I 
6 S - -  0.q71 ] .10[1 1. ] (1,1 1 
7 S - -  I .",Or } 1. :;68 1 .(185 t 
8 V - -  0.2.37 0.842 1.061 Ft 
~) 13 -0.114 0.63d I.[/3,r Ft 
0 K - 0 . 4 8 6  11.47t] 1.010 I t 
1 1_ - -  -O,~'~.57 ( ) , 65  I 0 / . ) 7  ~ I t 

2 A - -  -O.[3(1(1 ()..',21 0.945 It 
~ A - -  -O.R.Ofl 0.278 (),q!4 H 
d A -().9[)(} [1.45q 0.918 l t 
5 I. - -  kl. 100 [].fll 9 0.925 I t 

16 L: - -  t].~r 1 ;1 0.8-~ 3 0.927 II 
17 k.I - -  1.52t.J 1.12!2 O.fl2.t H 
bg I I  - -  2.24", 1.852 0.91 ..I t-I 
19 t-[ 3.243 1.45.5 1.000 H 
20 H 3.2I}(t [,3(J7 1.1)()[1 F[ 
21 f-I 3,200 i,284 1,000 - -  

22 I--I - -  '1.,20(1 E.206 1 ,t)o[l - -  

H 
t-t 
H 

H 
It 
I-t 
I-t 
H 
11 
l-t 
H 
H 
H 
I-t 

""Aht'JroviatiOns: 1."osr l~OF.i[itlll; A,'",., , .q i l lO itkirI: C~Iy,LnS, ,L~lycI)sy[dfiOl~ ~.itc. 
rIHycrrc.philiL-ity ,:Kyte-I )~l~llillh,! ;J"b. 
'Surface f~m!~ability ;Ll.,cordln R tr) f:mini ~"t ;ft. t2.l i. 
'elham fle• ac<ording tc~ K,lrF.lus-9,:hulz i2 % 
" S e o . m d a l ?  slrul.ll.lre., act.cn,tt i l l~ li~ (.-hi:.~_l Fit>r'Olirl .', ] d ), 
"~{ !10 i ! [ ] i l l y  strt.lC1LlrC? a ( c l l r l h n ~  1~5 ( . ;ami0 r - ( )Sp ,  t.et!~Oi13e-l'~ohsoq i [  .~1, 
�9 h'.-'~l'rtl~(:[ll( [Ey irl(t~.'• al ' :cIJrr]m,~ to  Jamt 's lm-\ . 'V~JI f  126.1. 

Ablnd. ~: 

0.900 
O. 90{J 
t . 3 0 U  

t. :R)0 
I. ~,o[1 
1.300 
t .  1 O0 
0.45[] 

-0.150 
-0,450 
--0,600 
-.O.6f'lO 
-fl.600 
- 0. (',CI0 

0,3{}0 
tl.600 
[1.7'~0 
[1.750 
0.900 
0.900 
0 .q00  
o . 9 0 o  
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FIG. 1, Ser.on.dary SII'LICtlAI'C t:,re(li(.tio'r~ <)l lh,~, additional iXTJtide, ,'.A:, The 
i)redic[inn is. a,.:cor,clirng lo Ihe Ct arlt't GOI{ mr.~thc, ds, vvhJt I~ are f',,.r,r> 
rioted by the (.;,,.!no:lies ("oml)tit~.'r Grout'~ (,Madiscm< ',,,'\"1), T iYii.';jns [Llrtl, 
anti FI I'tlod'rl':; u-I'u,lix. P:rr.~nq 111(.' eit4hll'n l<t the e:,ighle,c'rllh amin'n,o ocid 
f<.,sir.tue, the' ,utdilkm<n.I pC.'F, tidt, b; analyzed wil h the "F Iplicdb, vh,r,,c-,l" F, rc> 
grdm l)iovirled b$' the (.;t,nelics (- . ] ( )M[3 t l lOr  ( ] r f l t . l l J :  . hyrlrophf~hil. 

NTA resin, which is a His-tag binding resin as previously de- 
scribed (9). The protein bound to the coheres was cluted with 
1.0 M imid-tzole, a, hisiidine analog. For wild-type aryl- 
esterase, the harvested cell pellet (from 500 rnl.-LB broth cul- 
ture) was .suspended ifl 40 ml. of 50 mM "Iris btLflbi (pH g.tL 
c o n t a i n i n g  2 I11M E D T A )  :rod then f i 'nzen at - 7 0 ~  ' t'<~J" 20 

rnin. After thawing, the suspension was sonicated and then 
cenlrifl_~ged. The Stlpernat;tl]t of  crude e x.traci was separated 
{m at DFAE Sepharose CL-6B column (2.6 cm x 20 cm). eqt, i- 
libratcd in 25 mM sodium phosphate buffer, pH 7.0. Elwitm 
was carried out wilh a linear gradienl of equilibrating btlffcr 
that contained 0.2 to 0.3 M NaCI. The fractions with enzyme 
activily were pooled and concentrated. Gel filtration was per- 
ft~rn-,ed on a Superdcx 75 column tHRIft/30), equilibraled 
in 25 mM sodium phosphate buffer, p[--t 7.0. that contained 
O. i M NaC1 a]td I).02% scuJium azitle. Elution was carried 
otB with lhe equilibrating buffer at :; flow' rale tff0.5 in[../min. 
The collected cnzymc fractions were further purified on a 
cohlmn packed with Q Sepharttsc l:asl Flow gel (1.0 c m x  
12 cm), equilibrated tlnlden" the same conditions as I)EAE 
c o l t l i l m  c h r o ; r l a t o g r a p h y .  Pi 'oteinl p u r i t y  ',,.'.<.';is n',.onit,.'s, red by  

sodium dodecyl sulfate-poly;tcrylamide gel electrophc~resis 
(SDS-PAGE) in every step of puritication. 

SDS"-PA GE analysis q(m3"h's~eru.~e. 15~ S I)S-PAGE was 
prepared fin analysis. Loadin~z samples were made t~f equal 
volumes Oi" protein solution and SDS-PAGE [oadinlg ,,lye, 
which contained 2r,~ �9 SDS and 200 mM dithiothreitol in 100 
mM Tris buffer, pH 6.8. Loading samples were boiled for 5 
rain. lhen cooled in an ice bath ft~r 10 rain. After elec- 

tmphoresis, separated protein gels were stained by Coomassie 
brilliant blue and by activity stains. Befiwe activity staining. 
SDS in the gel was removed by submersion in 259b ist~- 
propanol for 30 rain twice, then in 0.1 M sodium phosphate 
buffer, pH 7.(), for 30 rnin once (14). Esterase and protease 
activity stains were performed by the metl'tods of  Tanksley 
and Orlon (l 5) and by Dickey and Collin {I 6), ivspectivcly. 

Thermal t t~!/'(*Mi~g q[ wild-Upe ond fiutctionol His-m,~,qted 
urv/estera.ves. Enzyme s{l]utions ofO. t5 mg/mL in 25 mM 
sodium phosphate buffer (pH 7.0) whh 0. ] M NaCI were cm> 
tinuously heated fi'om 36 to 72~'C (I 7). The thermal unfolding 
of  the proteins was analyzed by circular dichroism (CD) 
tlarough tnonimring changes in As at 235 and 235.5 nm for the 

wild-lype and the recombinant aryIesterase, respectively. "['he 
M e ] l i n g  ter l lpel 'a t t i rcs were  c a l c u l a t e d  ["t'C, ll] d ie  u n l ' o k l i n g  

ct l rvcs.  The  C D  spec t rum was measured  on a spect l 'opholL)n lc-  

ter (Jasco J-720, T o k y o ,  Japai1.L and temperature was a.d.iusted 
with a c[~oll'low temperature c{mtrollcr (Nesiab. Portsmouth, 
NH) by water circuhitiolt will'tin the jacket of  the ceil. 

l'he,',mU imt('livazio~ &" wi/d-lype mid./)mclionat His- 
fag,qed ao'lester~se.s. "['he experinlents were accontplished 
according to the method described by Shaw ei aL (i8). [;11- 
zynlc solutions were immersed in a 95~ water batl'~ ['or v.'~ri- 
ous pc,-iods, lind Ihell cooled by il;llltersion H1 an ice ball'i. Tile 
remaining enzyme aclivity was assayed in triplicate of  es- 
terase activily with p-nitrophcnyl btttyrsite us subslrale (19). 

77Tptic di<,,e.vtitm. 'l"he wild-type and the functional His- 
tagged arylcsterases were treated with trypsin. One tal.. of" 
trypsin ( 1 mg/mL) was added into a reaction mixture that con- 
tained 60 I-fg arylesterase and 41.3 M N;IC1 in 25 mM sodiLull 
phosphate buffer (pl-t 7.0). Digestion was carried out at 3T~C 
aBd s a m p l e d  pen'iodically. Reactioil was stopped I~y add ing  an 

equM v{flume of  SDS-PAGE loading dye and then heated in 
boiling water tk~r 5 rain. Samples with 2 ,ug of  protein were 
analyzed on 155f. SDS-PAGE. 

En=yme a.~.~'ayx. Esler;lse activity for the substrates p-nitro- 
phenyf butyrale and p-n itropheny] decanoalc was detcrrslilled 
at pH 7.0 and 3T~C by the increase ol 'absorbance at 346 nm 
as described (19). Thioesterase activity tbr decanoyl-Cc~A and 
pahlaitoyI-CoA were determined at pH 7.0 and 37~ by the 
increase tfl" absorbance at 412 [1Ill wilh a cOl_lplhlg rcactioll of 
DTNB as described (2[)}. Chym<m-ypsin-like activity with 
I..-NBPNPE, i)-NBPNPE, and I .-NBTNPE as subslrates was 
determined at pH 7.5 ;t11(1 37~ by the increase of absorbance 
at 400 nm as described 121 ). 

RESULTS A N D  D I S C U S S I O N  

Direct additioJt q/" Hi.~'-ta,q, re Ute C-termimd epld ~/' am't- 
esterase. Direct addition of -[-'/isit;.t[Z tO the C-terminal o f  

aryJcsterase resulted in a protein that failed to exhibJ! esterase 
and prmeasc activities as showll by the activity stains on 
SDS-PAGE gel (Fig. 2. lane 2). This recombinant protein 
ctx.lld not be purified with an afl]n]ly Ni-resin cohmm. Be- 
cause it has n,.) activity, this protein was not Iurther purified 
by conventional tl'~e.t[lod. 

IA()(S, Vr 74, no, I111097! 
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FIG. 2. I:'rott:,in. ,~,.,:,lcrase, mM prolea::,e at!iv!IV analysis h;.r wilcl-lype 
,rod F4is-Laglged aq,.lesterascs r)n St:')S. FJACIE. P;lr[ A, Counlassie brilliant 
I)luc staim,. I'afl B, e~;Ier,nsP ac l iv i l } ,  qains. Parl C, pr{Jtease aceivity 
sI,ti['~H. [.dl~r.., M. pro[eilq molecular weight markers: lane ], pLlrlt'i(?d wi ld-  
type aryh.'stcrase, 2 p,q; lane 2, crude exlracl of lh,.:, ovcrcxpressed re- 
c~.m;hir'.an[ [m~tein whose F lis lag ',,v,ls directly added rm I};~, (-Ir_?rlllt[]LIS 
,..w,r..t +.;4 the v,,ild I,/fx,; l,m.e 3, p,uriried m,, ,rm]lm:~ant 13r(;t-ein. 2 pg, ',,,',,,]'~;',:,r,., 
His I,tg v...'~_t,:; q),'wed ,.vilh ,~ h+..+xadecapeptide. 

FIG. 3, [hermal urffc~lclin~ profi les (>r wilrJ-t,/pe and iunclic~nal tris- 
tagged arylc, ster,lsr._'s. T ,  i54"C) values v,<.r,r., ra lcu lafed for b,~fih er',- 
zvn ;es  fr,nr'n 1he, qLIrV(.'s, o f  unfnlding II;.tc[ioRs Vs Icm[3~?r;.IttlrP. 

Protei~ pm'~/Tcutiop~. "l-he wild-type el~zylne was .sequen- 
tially purified by ion exchange (DEAF Sepharose CL-6B).  
gel filtration (Superdex 75) and a .,,econd icm exchange IQ 
Sepharosc Fast ] :Mw)chromatography (Fig. 2. lane I ) T e n  
mg of purilicd wikt-type protein was obtained from I L of I.B 
brotll culture, l'ilO His-tagged pmlein with it spacing hexade- 
cal)eplidc ;,,.':is pt,rilied or~ an affinity Ni-resiI; column (Fig. 2. 
lane 31. and 12 mg of put!lied protein was ~btaincd from I [. 
of  1,B brotla culture. Both t:mri['icd pmleins Silt)wed a single 
band on SDS-PAGE stained by Coomassie brilliant bluc (A), 
as well as estcrasc activilv ( B ) a n d  pro!ease zictivity (C) in  
Figure 2. It revealed Ih;.tI the recombinant protein retained ell- 
zyme activity. 

Tht,t this l'Lmctianal His-tagged proteh; could bc success- 
tully purified on .'.In affinity Ni-rcsin column ilnplicd lhat lhe 

spaced  H i s - t a g  was  no l  b u r i e d  in the i n t e r i o r  o f  Ihr p r o t e i n  

and m a d e  the p u r i f i c a t i o n  by  a f f i n i l y  c o l u m n  poss ib le ,  Th is  

rCSLIII supports  thc prediclion c~t" pr~tein y, ccondal-V strucU.ire. 
Yherma! ul!J'~fldip~,~ and flzermaf inactivation q/" wild-type 

(md /imcriomd ftis-laxs m3"/esteruse.~. The unfolding frac- 
tion vs. temperature pr~>files revealed that thermal denatura- 
tion o f  these two proteins is almost identical (Pig. 31. "Y,r 
melting point, is lhe Ieitllleratl~rC al which hail t~l the proleia 
molecules have unl'idded. Tile cMct, latcd ;r),, values were 53.5 
,'rod 53.7"C [br !he wild-type and His-lagged arylesterascs, re- 
spectively. In the experiment o lpmtc in  thermal iaacliwllion. 
tile residual cslerase activity ~.tfler heat !tea!men! at 95~ is 
shown in Figure 4. Although tile protein ,,',,as r162 un- 
folded and presumably tlad no enzyme acfivily at this high 
temperature, cooling Oil ice immediately after h(:al trcalmellt 
could recover enzyme activily. The heated times Ik)r wild-type 
;llld His-tagged proLeins to lose Iz:dl" o1" the enzyme activity at 
9Y'C were 25 mill and 1 g.5 rain. rcspeclively. Tile difference 

could be due to the rcl'o]dill8 abiliLy between the two proteins 
after heat treatmenl and suggests !ha! the additional peptide 
did not significal 'J t ly alter the intact protein Stl-tlcttll',2. bl.ll 
soir tchow it did afl'cc! protein rel'otding ill'for heating at high 
lemperature. 

"l)'yplic di,~,esfion ~4/ u'ild-type and./ilnctirmaf Hi.~'-tagA, ed 
arvlestera,~'e.s. The trypsin-digested proteins wcrc analyzed 
~m SDS-PAGE (Fig. 5). The wild type (lanes 1-6) w'as rather 
intact after pl'otoasc trcatmenL however, tile His-!aggcd pro- 

FiG. 4. ThGrll~l inacl ivalkm ~l tile wEld-type and lLlllCtJOll~l] F Ih,-hLgged 
aryk:sWrases at 95'C. l-he heat~,d wi ld lype and I-tis-ta~ged prote[ng re- 
1.ained half o( I]le Crlzvme activity a[ter heating al 9r~ C [or 25 IllJF1 all(! 
1&5 rain, deq~ectivuly. 
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FIG, 5. ]lyi'Jli~. digesti~in~i wild-tYl~U' and ~ecnml.m~,ml arvlc,r, terase The 
,~pri,ll-digestu(I protcin~ were sepamled ~)n I 3% SDS-I'A(;E. I-'arl ,\ 1)ro- 
lein C~{.w~as~k., hrillian~ blue st,fins- P,~r~ R. <:sterase , lc i ivJty _sta[rL-,. l_an{" 
,\l. prnl{' in molecular  v, eight m.~rker,~ I.anus t 6, Ihe wih l  lY l l l ,  v,,aq di- 
gcsEcd ~*~r O. 5. 1H, 20. ;0, 4{) rain, resl)ecqively. I.tll~eS 7- [ 2. tim r('~ om- 
hiri,ll lt was r.li/4ested liar O, 5, 1[), 20, 30, 411 mhq, rcb[}tx g' , 'd\.  

tein ( lanes  7-  1 2) w:ts d iges ted  into two sl ight ly smal le r  pro- 
teins, which still possesscd cnzynm function as moni tored  by  

activi ty stain {B). 
The only difference between both. enzyrnes  was the C-ter-  

t r t ina l  r  o f  the H i s - t a g g e d  p r o t e i n .  T h e r e  are  two  Jy- 
s ine res idues  l o c a t e d  in the C - t e r m i n u s  o f  th is  p r o t e i n ,  one  in 

the eXtellSJo~l pep t i de ,  and  a n o t h e r  one l o c a t e d  ~text to the C-  

t e r m i n a l  a m i n o  ac i d  o f  w i l d - l ~ . p c  a r y l e s l e r a s e  s e q u e n c e .  

T h e s e  t w o  c o u l d  bc the  s i tes  fo r  p r o t e a s e  d i g e s t i o n  t ha t  

c l e a v e d  the  H i s - t a g g e d  p r o t e i n  i n t o  t w o  s i n : d i e t  p r o t e i n s .  [t 

alsr se rved  as ev idence  that  ~.he add i t iona l  pep t ide  expos;cd 
O11 t i l e  prote in  s u r f a c e  thux read i ly  h y d r o l y z e d  a n d  conY,  c -  

qttelll.]y did not interfere with the enzyme  i n tac t  gll'tlCttll'C. 
Enzyme ki ,etk '  smdie.~'. "['hc I l i s - t ao , , ed  a l 'y les te rase  had 

the .'.,alne ftw.Ctioias a>; t i le  w i l d  type to  I 'Gdrolyze es le r ,<  

tim)esters, and :u'ninc~ acid der ivai ives .  The re,,,.tt.,, of  e l l ly l t le  
kinet ic  s tud ies  are ghown it1 Table 2. In genera l ,  both wi ld-  
type and H i s - l a g g e d  e n z y m e s  e x h i b i t e d  s imi la r  ac t iv i t i e s  
when h y d w l y z i n g  ester  and thioestcr  substra lcs .  The ,,horter 
acyl  cha in leng th  of  p - n i t r o p h c n y l  es ter  (p - i f i t ropheny l  bu- 
tyl-ate} was preferred to the lot]gel- o n e  fo1- btxh CllZyll!eS. As 
for th ioes te r  s t lbstra tes ,  lhe H i s - l agged  cnzyl 'ne had ~,imilar 
/s values (18.5. lg .6  s ' t )  and the same K r values (31. I ]_lM) 
for  p a l m i t o y l - C o A  and d c c a n o y I - C o A .  However .  tile wi ld  
type  p re fe r red  ta  h y d r o l y z e  the longe r  acy'l c h a i n l e n g t h  o f  
acy l -CoA (pa lmi loyI -C~A) .  

W[1c chyln ,a t ryps in- l ike  act ivi ty  of the Hi s - l agged  enzyme  
showed twice the caialyl ic  ef[ ' iciency w4uc o1 thai o I  the wild 
type.  The  increased  ac l iv i ly  was la rge ly  con t r i bu t ed  by the 
decreased K,,, values.  I t suggests  fllal the ~.,dditional pepl idc of 
the r ecombinan t  enzy lnc  i-night s l igh t ly  change  the e n z y m e  
CC~IIt'CaF|IILIIiOII ;Mid illCIC;_lSC tile enzyme affhfity loward .:.lllliIl,,) 
acid derivat ives.  

('om-lu.sion. In general .  His - tagged  protein pur i f icat ion is 

TABLE 2 
Kinetic Parameters fi)r Wild-Type and Recombinant Arylesterase a 

\.u aryIc, , tcrasu Recomhir~ant ar~'lcsh-.'r~y..;t' 

Kr.'! ~', ,,I ~ ,,,,'K,, '~" .... ~",,,I '~" ,r'~ea �9 
,.l_pd ,~ '.. p..i HM:, ,:HM, ' ts ~1 ,C I p,'vtl 

F~utg 

p-Nim.lpheuyl hulyram .3.~ 1.1 122.1 H. ~(~ 47fl.7 161. I O. ,I.-N 
/>Nitrol~hem,,I de,:an~aam 741.5 21U.7 (~.2l]4 76f~. I 21,1.q {).2gO 

AcvI-C~.~A 
Duc.;mm.]-Cc~A 3 ~.l~ 17.~ IL512 31. I t ;k3 I).5c~7 
Palmil~wl-(ZoA 22.7 I kO  1.1.5 hfl .", 1.1 18.6 0.5q7 

Amino acid derival~ve 
t-NBVNt'L 2 2 2  7.4 0. I ]2 l~;'fl 7.2 ().68r) 
-NI:}I NPE ~ . 7  7.C l _'!.[}-t4 2 I_~ s 4_03g 

~'1 hv acliviflu~, m >r4u!icm w c i c  dtq~'rH-ilrlI.X] dS de~cr ihed in Ihc lhc ,Mak'ri,fl~, ,mrl ,Method> '.(,( li(in, 
Kinc.,tic. data kveu, ca lcu lamd I rom fi le I_iI'w',*,e0v(.r-t]urk lily,Is ~32' ,u . !  hm.,a~ :egrc, f, skm pled,~ I-ach 
dak~ pMnl  i,~ Ihu avera,qu valul., <~1 1Elr~" indupundcrH rl~uasuremurl!s. K,., k, ,,,, and L, ,,,.,"K,,,, h,sve Ihe 
unib, ol H,M, �9 I <mrl ~,i IJM .i, ruH.m( m,..l,h;: i -N[~I<NIPE, . . '~ ' -carhobunz~xv-~- l f lmnylahmine-p-ni l rn-  
~)!wn}'] l.'~,[l.'l; I -NBTNI~[ , .N'-carhcflx.uznx~ L-t~,rI~5,JllrJ-rO rl[[ll~)~l(.~llk.'l es t ( ' r .  
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easy and rapid, but a different a r rangement  o f  His- tag in the 

recombinant  protein may result in differen! effects  on protein 

structure and functions. Tile resulting aIteralions may invMve 

changes  in m:uly h iochemicaI  charac ter i s t ics ,  inc lud ing  ki- 

netic behavior,  substrate specificity, and thermc, sutbility. 

His-tag can cause loss  of  e n z y m e  activity, such as hy di- 
rect addition to the C-terminus of the V. mimi('us arylesterase. 
Our experimental resulb; revealed that a spach'~g of  hcxade- 
capepl idc between C-terminus arid His-tag can both raciiitate 

enzynle  purif icat ion and retain e n z y m e  functions.  The func- 

t iomd His - tagged  protein has been crys ta l l ized  ( I I ), and the 

X-ray crystal lographic study for this protein is underway. The 

kinet ic  study shl,',wed that chyrno t ryps in - t ike  ac t iv i ty  c,f the 

e n z y m e  was even increased by this modi f ica t ion .  It inlpl ied 

that tile C- te rminus  of  the ertzylne can bc engh'teered to :dter 
or improve  e n z y m e  activity and b iochemica l  properties.  For 

both industr ial  appl ica t ions  and basic research,  we have in- 

troduced at new method to rearrallgC the His-tag for functiorm] 

protein processing.  
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