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Abstract

Aqualysin 1 is an alkaline serine protease which is secretet into the culture medium. by
Thermus aguaticus YT-1, an extreme thermophile. Aqualysin | was purified, and its
partial amino acid sequence was determined. The gene encoding aqualysin I was cloned into
E. coli using synthetic oligodeoxyribonucleotides as hybridization probes. The nucleotide
sequence of the cloned DNA was determined. The primary structure of aqualysin I, deduced
from the mucleotide sequenc, agreed with the determid amino acid sequences, including the
NH,~ and .COOH terminal sequence of the tryptides derived from aqualysin I. Aqualysin I
comprised 281 amino acid residues and its molecular mass was determined to be 28350. On
alignment of the whole amino acid sequence, aqualysin I showed high sequence homology
with the subtilisin type serine protease, and 43% identity with proteinase K, 37-30%. with
subtilisins and 34% with thermitase. Extremely high sequence identity was observed in the
regions containing the active-site residues, corresponding to Asp32, His64 and Ser221 of
subtilisin BPN’. Aqualysin I contains two disulfide bonds, Cys67-Cys99 and Cysl63-Cys194,
and these disulfide bonds seem to contribute to the heat stability of the enzyme. The
determined positions of the twe disulfide bonds of aqualysin 1 agreed with those
predicted previously on the basis of computer graphics of the crystallographic data for
subtilisin BPN’. Therefore, these findings sugests that the three-dimensional structure of
aqualysin I is similar to that of subtilisin BPN’ Aqualysin I is produced as a lage precursor,

which contains NH,- and COOH- terminal portions besides the mature protease sequence.
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oA Hde FEYL 0~80% 2 A on
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s 94 %kt = AR 43,
ZA Fo] A7)9 subtilisin £3 FatetAwd, Cys
A71E &332 9 & proteinase K¢} thermit-
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aqualysin 1 $R 29 cloning
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A, B a9 -FAAE cloning sl 2 g7
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1 15
AspArgIledsplGin

Probe 1. 3’ CTGGCCTAACTGGTC 57 (l5mer)
T G T
2oe 29
TyrThrTyrThrilaThr
Probe 2. 5' TACACCTACACCGCCAC 37 (17mer)
G G G
3 EXY
ValTyrVallleAsp
Probe 3. 3° CACATGCACTAACTG &~ {15mer)
G G T
Fig. 1. &4 oligodeoxyribonucleotides
obul 4k R 9 WM EE aqualysin [ ¢ N 289 9
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gk ohv e}, 8] 5olq i ol(site-directed mutag- W A& ARGk 2o AR of NEwk of
enesis) 52 ulg 4 3]3]] cloning 8§ %, =z w4 oA W dE codedlE 3709 oligodeoxyribonu-

29
o

T2 F5S A &8 FA) g4 cleotide(oligo DNAYES FA . o] oligo
=3 7. aquaticus YT-19 aqualysin ]-& DNA @A Ao & Thermuss FF¢ DNAF gA 9

AAAol 28 EA GotA AT L AdH ez codon AHEWE o] &t T. agquaticus YT-19
ol g3t=dle e Aol Yo, o9 oy FFE Agagz Tag ['& Aase, 944
o 98 Jr AxE A9 Aowm Agad DNA 8 G+C 3z 67%2 Eek.'® Kunai

aqualysin 19} $-AA% cloning3l7] $3 A 9o 98 7. caldophilus GK 24 2] lactate

a1 A
)
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-30

i60

250
31
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94

520
124

610
151

700
181

790
211

880
241

970
271

1060
301

agualysin [ AAste], Nt ofwlia  dehydrogenase SAAS 739, oj&sx &
2 tryptic peptide 59 F-EAHq o}r] A codon o] A 3Exe 95.5%7 G = C=2 XM

.Pstl
I CTuCAGGCACGGCTCGCTCCTCAGGGGGTAGTGGIGACCCAGGCCIACACGGCCGCCCTCCAGG”AxIY
-53 Leuu*rAlaArgLeuAla?roGLnGlyVa1ValVa1THtG1nAlaTerhrGlyAlaLeuGlnGlyPne

Rsal
GLGGCCGAGATGGCGCCCCAGGCCLTAGAGGCCTTTAGGCAGAGTCCCGACGTGGAGTTCATAGAGGCGGACAAGGTGCTACGGGCCTGG
AlaAlaGluMetAlaProGlnAlaLeuGluAlaPheArgGlnSerProAspValGluPhelleGluAlaAsplL LysValValArgAlaTryp

> Mature
GCTACCLAGAGCCCGGCTCCTTGGGGCCTGGACCGGATTGACCAGCGCGACCTTCCCCTxTCCAACAGCTACACCTACACCGCTACGGGA

AlaThrGlnqerProAlaProTrpGlyLeuAspArgIleAspGlnArgAspLeuProLeuSerAsnSerTerhrTerhrAlaThrGly
(n)

Smal
AGCGGGGTTAACGTCTATGTGATTGACACCGGAATCCGCACGACCCACCBGGAGTTCGGCGCCCGGGCCCGGGTAGGCTATGACGCCTTA
ArgGlyValAsnVallyrValIleAspThrGlylleArgThrThrHisArgGluPheGlyGlyArgAlaArgValGlyTyrAspAlaLeu

KpnI
GGGGGGAACGGCCAGGACTGCAACGGCCACGGTACCCATGTGGCGGGAACGATCGGCGGAGTGACCTATGGGCTAGCCAAAGCGGTTAAC
GlyGlyAsnGlyGlnAspCysAsnGlyHisGlyThrHisValAlaGlyThrIleGlyGlyValThrTyrGlyValAlalysAlaValAsn

CTCTACGCTGTGCGCGICCTGGACTGCAACGGTTCCOGCTCCACCTCTGGGETCATCSCTGEGCTGGACTGEETCACGCGGAACCACCGT
LeuTyrAlaValArgValLeuAspCysAsnGlySerGlySerThrSerGlyVallleAlaGlyValAspTrpValThrArgAsnHisArg

Nael
AGGCCGCCCCTThCCAACATGAGCTTAG”AGGCGGAGTCTCCACTGLCCTGGACAACGCCGTGAAGAACTCCATCGCCGCGGGAGTGGTC
ArgProAlaValAlaAsnMetSerLeuGlyGlyGlyValSerThrAlaLeuAspAsnAlaVallysAsnSerIieAlaAlaGlyValVal

. Smal .
TACGCTGTGGCTGCGGGGAACGACAACGLCAACGCCTGCAACTACTCCCCAGCCCGGGTGGCCGAGGCCCTTACCGTGGGCGCTACCACA
TyrAlaValAlaAlaGlyAsnAspAsnAlaAsnAlaCysAsnTyrSerProAlaArgValAlaGluAlaLeuThrValGlyAlaThrThr

TCTTCCGACGCCCGTGCCAGCTTCTCCAACTACGGTAGTIGCGTGGACCTCTTCGCCCCTGGGGCTTCCATTCCCTCGGCGTGGTACACC
SexSerAspAlaArgAlaSerPheSerAsnTyrGlySerCysValAsplLeuPheAlaProGlyAlaSerIleProSerAlaTrpTyxThr

Xbal .
TCGGACACGGCCACCCAGACCCTTAACGGCACCTCCATGGCCACCCCCCATGTGGCCGGGGTGGCTGCTTTGTATCTAGAGCAAAATCCT
SerAspThrAlaThrGlnThtLeuAsnGlyThrSerMetAlaThtYronsValAlaGlyVa1A1aAlaLeuTereuGluGlnAsnPfo

Nael
TCGGCTACGCCGGCLTCTGTTGCTAGCGCTAECCTCAACGGAGCCACTACGGGGCGGCTTTCGGGGATCGGATCGGGGTCCCCCAACCGT
SerAlaThrProAlaSerValAlaSerAlalleLeuAsnGlyAlaThrThrGlyArgleuSerGlyIleGlySerGlySerProAsnArg

LPyvull .
CTCCTTTACTCCCTGCTCTCCTCGGGGAGTGGTTCCACAGCCCCCTGTACCAGCTGTAGCTACTACACGGGCAGCCTTTCCGGTCCTGGT
LeuLquyrSerLeuLeuSerSerG1ySerGlySerThrAlaProCysThrSerCysSerTy:lerhrCLySerLeuSerGlyP:oG}y

) T () ’

.PstI
GAClATAACTTCCAACCCAACCGCACCTACTACTACAGCCCTGCAG
AspTyrAsnPheGlnProAsnGlyThrTyrTyrTyrSerProAla

Fig. 2. T. aquaticus YT-1 9] aqualysin [ §dx DNA 29| grlejds g opvid wjd

olelxeat W5 aqualysin [ & N @k obje s AAdeh. WEA FE& BA2YE 24T opdx

A W goelch, NH, Zgte& (N)&, COOH%%e (O 7474 24 .
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HPon, Taq I site(TCGA)Y W= EA 3
A gkgkrl. 28 B2 probe £9 oligo DNA &4
2 codon g A3EAE GrEECE Hor, 2
Wgo]l TCGAW o] Aol o f2A A 3EA
FAEET=E g ogdA F449 Fig. 19
oligo DNA £2] 5 #g+& r-%2p ATP 2 %X

<, aqualysin [ 3% cloning 347 3
probe 2 o]-&3c}.

T. aquaticus YT-19] FA22H A3 DNA
E zA4% % Hind I, Bam HI, Sac I, Pst |
T AFsAE SALEHE Ao o] AEL aga-
rose gel o A7 g E3te], XA ¥4 probe £
agarose @ hybridization?©¢ 88 Azt Hind [J
2} oF 7kb, Bam HI9} ¢ 10kb, Sac 19 ¢ 3.5
kb, Pst T2 < 1.1kb 2] DNA g5 3742 3
A probe 7} F%# o & hybridize §r}. o] & hy-
bridizedt= 4] (Bam HI¢] DNA g5 & A E
#§7 agarose gel 288 ¥ g|de PUC vector
o] Z72 A A7 o}g 9 RFo] transformation??
& ARk o] E transformant o w3 colony
hybridization®>g- 3 A3 Hind & Sac I
ko] 4 FH g transformant E2 EZEHE= F4
probe &} hybridize 3+ colony & g1 t}. o 7]
A A+-23F Hind Mo oF 7kb, Sac 19 <F 3.5kb
) DNA %4 §¢ aqualysin [ A% F34
E FE8 EHE 4+ = A7 e]B2 aqualysin
19 %ol g host T3 A 71 75
Aol &% o1% AF BRL Jacobs Fol
subtilisin Carlsberg 9] 4 A& cloning & # &
Eus e, 2l A A7 AR AL pst T %4
£ o] &P & w, = transformant S 23 < 280
A&l colony 7} ¥4 probe & hybridize g}, o]
recombinant plasmid & 3§38z Q& colony &
24 12clone & Ad3te] Adasdd 98 A
pattern ¢ ZAFg A3 9 cloneo] TQ3 Ao
el dideoxy w2429 0 2 clonings] DNA
wHe drlid-g AASY F aqualysin ]9
N#g obul st g codedtx Qe 9794
ol $AAGAt o 2A 3o aqualysin [ 3
A7} cloning ® Ao el gc}.

aqualysin 2| {EX} Fxe} Hrluido] s

dideoxy o] ¢ls] A4 Pst [ = (1105bp)
9 A g-71M Q¢ Fig. 24 Jegul gl o] DNA
@7l ol code 5 ofn: 4 #] 9 aqualysin

19 992 z5e A4d N2 ¢ Caa(C2
% AR E FE®E £¥F tryptic peptide £2
olvl = wl gt 943 dA Pk aqualysin |
9 Cabst obvlie it W94 A & Kumazaki 52 0]
Aud W& o] 43k, C o olvlx g 2%
3 peptide & ¥ F, =z opvx=a A& A
Aoz Gly(281)e] aqualysin 12 Cdgto]
g A Fskch® webd] DNA g7l d 254
AAY ov|xa AJjFE 281, EAFL 28350
o, o]RAL AWA FFLAH] g ofvx i
A 2 2453 AY dAF AF4E ekl
(Table 2 Fzx). =3 o] Pst T @) 9r]wjgd
o code =& efw] x4 ¥ A& ¥ codoneo] Q&
open reading frameo & = o] 9lc}. aqualysin |
o fFAAN G coded] & ofvl g Wl gL nw,
N@e obrlxat %o Met o2 Agsh 2749
peptide 7} ZA]&A 7k, & 4# A signal peptide
9 54 23 94 gges, = C¥u ofw)
4 g 2zo FA codono] EAEA Fkeh
wtela] aqualysin [ N 2 Cbgte] ¢Zd) 71
propeptide & ##3+e 553 ATAZ A o
mature aqualysin- [ ¢ 2 processing = o}z A 7
.

Thermus 4-2] codon usage 7} o] A9 codon
usage & 433 wEZrtiE Aol Ruso] g, ®
HAA AR Ba® Thermus 4 §Rx2 codon us-
age Z Table 1¢] A3t} & Thermus <
F+A A9 codon usage £52%3 A 3 codone] G &
2 Crl g Fgo] 90~95% FEx= Eor}, T.
aquaticus YT-19] aqualysin [-& 75% A==
A3 dteon), £33 WxE A Leu, Val, Pro,
Ala, Tyr %94 random & condon usage & X
k. 28y B9 AN Y 7. ague
ticus YT-1 9] lactate dehydrogenase %3 3¢ A]
= aqualysin ¢ A A9 codon usage 9} o}
A9 Thermus < A A2 codon usage &3 7
2 AAE LG (e[ E data). = FEIAA 0L
aqualysin [ 9] o}mlxal 13 F2& & v &
serine protease 3 H& AE AL ngd. o
A ol g AAES FEd & W agualysin [-&
AN Thermus & EASd F4AR7 obiz,
AARFA fHeAA Eo& AR 540
43 ok |

TCGA = Taq 1 (7. agaticus YT-19 Agza
&) & Tth 1111*(7. thermophilus 111 ]
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Table 2. aqualysin ] 3} subtilisin-type serine protease £3}¢] ofw] i} 24 H| &
Amino acid . ﬁqualysinp}[ﬁme. Prote[ilraz}se K Thergilliga se Subtilisin
sequence analylsnis BPN'(6) Carlsberg(7)

Lys 2 2 8 10 11 9
His 5 5 4 4 6 5
Arg 15 16 12 5 2 4
Trp 3 4 2 3 1
Asp 13 (Asx)28 14 13 11 9
Asn 19 — 17 21 17 19
Thr 25 24 22 22 13 19

er 29 28 36 29 37 32
Glu 3 (GIx)9 2 4 5
Gln 5 — 7 12 11 7
Pro 11 12 9 12 14 9
Gly 37 38 34 33 33 35
Ala 40 41 32 44 37 41
Val 25 27 19 23 30 31
Met 2 2 5 1 5 5
1le 9 10 10 14 13 10
Leu 19 19 13 19 15 16
Tyr 12 12 17 15 10 13
Fhe 3 3 3 3 4
Cys/2 4 4 1 0 0
Total 281 284 277 289 275 274
M, 28, 350 28, 500 28,930 28, 369 27,537 27,277

A E 4 dAwdolct. 2 E=E T. aquaii-

cus YT- 14 DNA vl @ <ol = TCGAHj o] &4
s $& Aold whk E£A4 ?ﬂ'ﬁ BE 2 QAR
7} methyl 3} sle] Tag [ 98 QA=A g=
host restriction system“)O] ZAE RAolg B

24 Qe oA o)2e FASA A pst 1
=3 (1105bp) &6 A TCGA e =Apetg o,
2 g o] EASA gk s =3 TCGA 9 &
At} @ 24 NCGA, TNGA, TCNA, TCGN(N &
DNA 9 4947 A#E BA)) 72 TAFE 24
3t A, T. aquaticus YT-1 DNA 98} 1105bp &
= 474 2§t 6,11,15, 1295 o] Ajay
¥ 7. aquaticus YT-1 DNAE ¥73 TCGA
A& I e ol FAdHNG. =g °]'“]
A dFIAE TCGA Wd & HA3lr 93
3]

& codon o] AHg-E AxE FHAH e}

Il. aqualysin [ 3} CI2 B{A{Z serine

protease 2}2| H|

A F74A w4 E serine protease & L Tz
A AAA F AFH] Foh 53 AEA
A8 uked o] subtilisin BPN” % proteinase
K& 259 ohvxs 97228 Q3727
A AAF AT ek welA aqualysin

19 524¢ wrr #4337 98 o)L vw
stnzd g AAL 4& Aoz A4

Otaj AL Z=AM0| CH5H0d

aqualysin ]9 ofn]:x=a ZAE&
2.7 9] serine protease $} ] 23+ A7} Table 2
o]}, aqualysin 19 ofrjeit 2AL & 44
9 FAEFH $AY ). subtilisin & Cys -2 g4

e vAE
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Ho] Bnwso] ¢lort, aqualysin 1-& 53] W4
gl & AQlE TR 479 mas M=
el Ew 3 £2-4 ofulxat, Ala, Leu, Val 3
o] A% 9}, ofnp 2714 disulfide bond ¢ 2]
@ Fx9 A3 e = Az g

= A AR
OjnlicAt Biol| ALEA

A% aqualysin 19 olrjxit Wask =#E
u] A E serine protease &) ofu]x L Wl H-L B=
3 Zo] Fig. 39t} aqualysin [-& o] & &4 %
AE FAE S 53 F9o] f@ 9 proteinase
Ko % A A4 o&d 4548 A4
8 ®m aqualysin [-& proteinase K& 43%,
subtilisin &3} 37~39%, thermitase & 34%%}=
2 AFAE e 28 aqualysin [ &
proteinase K 8} 7to] o327 A8 Cys A5 T4
a2 P ETEa obria Wdd el
259 9% 943 H2d. @44 w4 7
48 ¢7t=l A serine proteased] $)lof 4] disulfide
bond &) Tz& A% Fd 2y Aol oz
FAATY BAR 2R g8 47 Ao 4%
& 4= Qlth. #E subtilisin BPN’ %o} cysteine
AAE 99z do] disulfide bond & FAAIN =
2 YdAE FAANHE 4T A QR

g S ofnjAb T7lel MESM

ul A 59 serine protease A4 F-9d = Asp,
His, Ser 9] A3} relay A& FA3t+ catalytic
triad k2 FE2E FA7F EASE QAw T

aqualysin o] #dte] =z &Y A719] 94X =
FZ opu i WlgE A4S Ad, Asp 39,
His 70, Ser 2229l Ao 2 AT 4 9+ (Fig. 3
o g A=), A4 dNF 28 H-DFP & 9
45} AAYT FA TS serine A% Ser 222 %
o1 ol E FAH9 Y obrnabg EEE ofwk
A dd AEAL B3 won, FYE serine
A7) B2 ohwl A A E-E F HEF ] YA

=3} aqualysin | subtilisin BPN”*®2} X A
AR Fx2EHE Q2 substrate binding site ¢l
Sy, Sz, Sa(Ser 125-Len 126-Gly 127) ¢} 72 wj &
(Ser 128-Leu 129-Gly130)< Zx 919t}. © g
3 At insulin B chaing¢ 7|d =z &3l
aqualysin [ ¢ 7|2 50l A-& =8 43} subtil-

isin 3 448 A2Z R

o

Ser 161

Fig. 4. Subtilisin BPN’¢] QA Fx
Subtilisin BPN'9 A T2 4] aqualysin [ & Cys-
teineZt7] o] g3tz Y& ofn] 4k 7] [Ser 161(Cys
163), Glu 195(Cys 194), Asp 61(Cys 67), Asp 98
(Cys 99IEY ZAHE AT Aojv. F¢ Hide
ZA A7 (Asp, His, Ser)E9] A% vebdl Aloj .

M=o sty

subtilisin BPN’$} proteinase K & A}o]o] o}n
= Widey AFAHL BRI, XA AA+x
A ozHE oY dATERA FAT Aoz
BaE gk 27 olvl e At Wl g 9] w w(Fig. 3 3
2y A £ A 7o} aqualysin [ ofr] =4k o]
defl gl o] Frtt FFAHol Fod, =G &
RS EHY otvlxig MAgAE B AE4
$ HolZ= aqualysin 19 gATRE °1EY
YAF24 4% Gtz 4.
aqualysin [9 A Tx7} subtilisin BPN’3+
Abstehs A Zsbd, aqualysin 1] Cys 37 ¢
<3tz 9 subtilisin BPN” ¢ o}u] =2k 27
A A el X =2 disulfide bond 913 & &
& 4 9t} aqualysin 19 4749 Cysar]d]
031 subtilisin BPN‘¢] %] & Fig. 3614 &
g Z Cys 670] Asp 61, Cys 997} Asp 98,
Cys 163 ¢] Ser 161, Cys 194 7} Glu 195 o] 3} 3
8k}, subtilisin BPN’9) X A AAF£¢] compu-
ter graphicso] 93] ol & A7 a-grx YA
7+8 A3 A= (disulfide bond 8] AL cysteine
o a-BadA Ax7o AP 5~6A0] BIE)
E wzs A Asp 61-Asp 98 Ao]s} 5.84,
Ser 161-Glu 195 Aol 7 12.7A o2 74 &34

PO R A
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AT 5shes A A3 (1988)

Je Aoz vEkye®® webA aqualysin [
Cys 67-Cys 99 @ Cys 163-Cys 194 9 A7 & 7}
o] disulfide bond7} Y=o etz EAG}.®
aqualysin 1 9] cystein &7]d] &3 AES
subtilisin BPN’9] QA F3zo] Z A3 Ao] Fig. 4
olt}. o] Qa|TF=oA A3 disulfide bond 9
AN 5L 9% Az Qo o Fye A
FzAo2 wo}, ou AE W delx B
de 2 9FS AR & Aoz 4% o
24 Ser 161-Glu 195 Ato] 8] 7kA o] 12.7A o] =]
%, aqualysin [olAE = Ags 9 2HAA
A Az disulfide bond & & A

DA A 238 HPLCO peptide mapping
o 98] ¥ cystine peptide 248 279
disulfide bond & $1X & AAPom™ AL A
A9 4% A% YA oldT AdH:
aqualysin 19 QA Fz7 subtilisin & o & §
AEE B FE Aol

[V. agqualysin [ o] ®MEHNo| 71X

cloning & Pst T 23 (1105bp)2 aqualysin I
(A%52)E codedts A olv =4 wid& =23
gz A", o FARY AFAY AT2E X
Fatz QA Sgkoh. 2| A Pst T &3 e} L
= Xba I #§(Fig. 2 32)% A9sA *Pz
77 A th§ aqualysin 19 5" 4F & 33
5 49 4AAE cloning 37 §3§ probeZE A}
2k ol¥A 3o SojA dFHAL Sac 19
3.5kb #H & Xba I& F42E 5 4F 499
¢ 2.5kb(Sac [-Xba 1 @) 3 3% 499
ok 1.0kb(Xba-Sacl %=)S 47 PUC vector
o] cloning §}.3® o % DNAHH%—Q- ARI}ER
A aqualysin 19 AFAY AF+z2F A43%
aqualysin 19 A¥+A & Nadg °§°—".°ﬂ Met 0.2
A &dE AdAq signal peptides TFs}A 127
7719 propeptides} CZzl o §ef 1052714 pro-
peptide & 47 ZtE A(EAF 53912) 0.8 F4
=] aqualysin 1 (¥-#3F 28350) 2 2 processing
Az F28 4 Q. AAZ T. aquaticus
YT-1¢] = fraction®] immunoblottinge] 4 aqu-
alysin 19 3¢ cross3l= 51K9] W= 5 #ql
4 ARG (F2EF).

E. coli. 9] tac promoter(pKK 223-3)-& o]
4-3le] aqualysin [9 48 ATFAE 75

o2 25y,

%, E. coli, MV 1184 4] cloning & 4 9%t}
IPTG(isopropy|-8-0-thio-galactopyranoside) =
of 94 aqualysin [& SAAF o 4o &
grek. g} o] FAE 65°CelA A E el
e FAo] EolAd. ®E FAE dAHY FoE
A aqualysin ] o] A Zzto 2 excretion ¥ 2 o0
C2rgt 9§ do 9 propeptide 7} excretion o
processing 99+ A% FAFRFF T B).

# aqualysin [9 ATFALYL AL T£2F
2x QAu N2t o] 71 propeptide & ¥
# -o gram S T4 Serratia marcescens
protease*® 8} Netsseria gonorrhoeae 8] IgA pro-
teasest mzegch oF AFAEY FEAL
Cmteke) 71 proptide W] o] o] &4 ¢l outer me-
mbrane & $3sted B4Aoletz wagch
24 aqualysin 19 C %%t propeptide ] o o] o]

SR 5e 23 & Ao FE32 Y
t}. 2V aqualysin [ AFH ¢ propeptide &

of g A ) Az ol Al 1. aguaticus
YT-1el4 A4 i 92¢ sfeAt ATTHE
o qFdoF & A ot

V. ¥ g o

X Z7A aqualysin 1o F% 2 F29 715,
o dAA & ot u]A & serine protease & H]
w3k AR gt 74 aqualysin T2 =
2 u] 4 serine protease $} T2 7T &
SR a2 A9 disulfide bond o &3] WA
s ¢AAel zEuTh Held Aoz FAYT.

sebd oldd Ae AR BATFe=A W
gol %e $A4E BaEE H9A THY FHe
2 Wg4o) gL ELE AAT F 4o

aqualysin 1-& Thermus < TFAA AEX &
WEa2 A& cloning {gom weta o] aqu-
alysin 1 & Thermus< TF A9 £y JF
2 wel: Z23% modelo] @ Aoz A7
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