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Abstract — The alkaline elastase is an extracellular serine protease of the alkalophilic Bacillus
strain Ya-B. To increase the gene copy number and the production level of the alkaline elastase
Ya-B, we designed, on the B. subtilis chromosome, a gene amplification of the 10.6 kb repeating
unit containing amykE, aleE (alkaline elastase Ya-B gene) and tmrB. The aleE was inserted between
amyE and tmyB, and B. subtilis APT119 strain was transformed with this amyE-aleE-tmyB-junction
region fragment. As a result, we succeeded in obtaining tunicamycin-resistant (Tm") transformants
(Tf-1, Tf-2) in which the designed gene amplification of 10.6 kb occurred in chromosome. The
transformants showed high productivity of a-amylase and alkaline elastase Ya-B. The copy number
of the repeating unit (amyE-aleE-tmrB) was estimated to be 25, but plasmid vector (pUC19) was
not integrated. The amplified aleE of chromosome was more stable than that of plasmid in absence

of antibiotics.
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rosoguanidine *o]x2}3}e] tunicamycin WA Wo]
FB7THE ATH3). o] B7HE 10 pg/m/2] tunica-
mycinel M= WAde] e FkEch oF 589 a-
amylase #8435 vehligich o] B7#ke amyE, tmrB
£ X sk of 16kbe] doo] YA Aol A 10 copy
ZZglgjon o3 Qs a-amylase?] ZAA} tuni-
camycin® A& ZHAA HAKD. FAHAFHFE
feshe amyE-tmrB °3°] B7F9 |4 ZHE
6.4 kb®) EcoRI wh# 2 2 ) Charond4Ac°l| cloning =3}
th8). o] wHez {FAAFEES FE3H amyE-
tmrB <39o] 87kb& Fo] JAAFlA 20 copy
FE5 Ak

Alkalophilic Bacillus Ya-B #FF7} A4tsk alka-
line elastaset & alkali 3o A pHE 7}A L
9l serine protease®] dFo|tH9-11). Alkaline ela-
staset WEEEQ elasting 3 Falsteg, 2§
AstA L AAZ o] 8 F slv FTHY FLY &
4xo)t},

B ool aj alkaline elastase?) -FAxHaleE)E
amyE S} tmyB A}o)ol| 4tsl8te] Bacillus& A A
% tunicamycin. & chromosome*}<ll A #Z=}2] in-
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tegration @ $% & F =3 ¥, a-amylase ¥ alkaline
elastase Ya-Bel AJAreks} FESEERE Ao FE &
EHES ZAFEIA )

Mz S 2

AFE #F N plasmid

AR ZE8 FFEA B subtilis APT1190metB5
leuA8 lys-21 herM hsmM arol906 amyE07)E A&
#om(8), plasmide] <HAAS FARSLZ] #3t] B
subtilis DB104(hus-101 nprR2 npeE18 AaprE3)E A}
4-3t21tH12). Plasmid +%& dFE2A< E coli M
1098 AF£3}edc). pMM305+= 6.4 kb2l EcoRIWH
(amyE-tmrB-junction region)= pUC19¢l] <1 2§} pla-
smide]™, pED103-2 pUC182] Hindlll, EcoRI siteel]
aleE7} Z1%+ E. coli& plasmide]=, pEX301-2
B. subtilis-E. coli shuttle vectordl pHY300PLK(B.
subtilis Tc', E. coli Tc" Ap', Takara Shuzo, Kyoto
Japan)&l Sall, EcoRI siteol| aleE7} 5<%+ alkaline
elastase Ya-B&] W& vectoro|cH9).

Al U mjstEL

7}& AgAA Y T4 DNA ligase, Mung Bean nu-
clease 52 Boehringer Mannheimel] 4], ampicillin,
tetracycline, elastin, tunicamycing Sigmaell 4, [a-
ZP] dCTP+= Amershamel 4], Random Primer DNA
Labeling Kit+ Takarael 4, nylon membrane< BIO-

RADei| A -7¢] 3}

IOER9 competent cell @RTE

Hass2} Yoshikawae] vl wta} B, subtilis APT
119F competent cell2. & ¥ s A4+ 7kb frag-
ment(amyE-aleE-tmrB-junction region)2 37471 24|
FTH14).

Soluble starch, elastin % skim milk plate

Soluble starch platex S42] uljkel] o8
Ao 7184 HES FFE 1%E FH7EIL
st Fasled}. Bacillus g AE38e] 37Co A 404
7+ vljoFgt % 0.02N I, €42 plateol] spray3}e] co-
lonye] FHell halo2] HAARE FAIHC.

Elastin platex 0.5% elastin® E33h= 05% ¥
A2 & 38 D F 70C7HR A7 £, HE A7
10%(W/V) g4k GEFE 1/10 £8 Hrlsiedc) o
A& olv] Fof sl 53] §Au#|(0.8% nutrient
broth, 1.5% agar, 10—~40 ug/m/ tunicamycin =+ 20
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ug/mi tetracycline)ol] E/@E3} ). Skim milk plate
= 549 kel o] 43l AR E Y HT F
70C7kR] A13l F wWx HFF skim milk(Difco)E
22y 1%2 Ar7}FsFgich elastin ¥ skim milk
platel| Bacilluse 7 F3k 37CNA 40+17F wiofgh
% colony®) FHWel halod) WAAGRE H33)9
o},

B. subtilis YAXH DNAL R
Mori-52] whel we} B, subtilisoll Al G443 DNA
& 523k

Southern hybridization &4

tmrB2] probeE4] pMM3052] Sphlz} EcoRI2
fragment(2F 3 kb)E, aleE2] probeE A+ pED103¢]
Miulz}t Smal?] fragment, vector® probeZ A&
pUC192] EcoRI fragment& A}8-3}9i 2™, random
primer DNA labeling ¥ 2.2 labeling 3}gic}h <of 4
ugel A4 A DNAE AFALE A3 Hs)sle]
0.8% agarose geld|Al A7) 3E¥ F, Southern?
v o] w}e} nylon membraned| transfer 3}53tH15).
Membrane-& 6X SSC, 1X Denhardt's solution, 50
ng denatured salmon sperm DNAmi ‘¢4 65CE
prehybridizationgt ¥, *P-labelled DNA probe®
65C, 3154t -£<F hybridizationd}:l autoradiogra-

phyE stit}.

FHA 2EE #2532 ZE numbers #3
Hybridization& membrane-£ autoradiography%t
F liquid scintillation counter®. chromosome#}2] 1
copy 2] tmrB(15 kb fragment)e} =25 Y59 tmrB
(8.3kb fragment)e| hybridize¥t tmrB probe2| *P

radioactivity & 43}l ¥ a8kl
dn % oy

alefE BEE integration plasmid vector®| &

pMM305+< 6.4kb2] EcoRl ©H-E E. coli$ plas-
mid vector pUC19¢)] <&t integration plasmid ve-
ctore) ™, amyES}t tmrB Alolol Miul B Sphl site&
7}A 322 ¢lek. pED1039& pUC18el| cloning® aleE
7} Smalz} Miul site Atele] &<1%lc}. pMM305&
Sprle.2 Agr 2 Mung bean nuclease® XTE
blunt end & =+E & Miulo 2 Agkslo] agarose gel
A7) X387 gel2HE] 75kbe] fragment-§ FZE38}
). pED103S Smal % Miule 2 He3l aleE &
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E§tsh= 22kbe] fragmentE gelEHEv FE5819 Tm" Amy* AleE* 3| 4EY

t} o] F702] fragmentE& <d7Aste] pEM103& +5 10 yg/mi 2] tunicamycin plateell A 200742 co-
stdrHFig. 1). pEM1032] amyE<}t tmrB Apo]ell<= lony& d3]e o, tjH-8-2] colony”} 40 pg/m/2) tuni-
aleE7} A3l =led 9l o™ tmrBe] §-Sol= 2E 9|9 camycin plateol A = A& Rtk 15 37 colony &

°d A 55| =+ junction regione| glr}. & A AHH 2 1% 7184 AE 40 ug/m/2) tunicamycin plateol] A}
85 Foli, vector FF(pUCLIYS Ele 7 wiokst Axt 709 colony”} a-amylase #FA4-E u}
sl pEM103S EcoRIZ Axkste] 2lsfAke] 7kb el lciFig. 2). ©}A] ©] 5+ colonyE 2% elastin, 40
fragment{amyE-aleE-tmrB-junction region)s. B. su- ug/m/2] tunicamycin plateel| A wlekgt ZHxl BT

btilis APT1195 &2 3A A} elastin %3] #4-S& vJehl gl o m(Fig. 3A4), elastase
B2 & 20 copy ™! plasmid(pEX301)E Zt= #5¢t
L from ¥a8 7] ZetcHFig 3B). Tm" Amy™ AleE* & vjehy&
M‘;rf ) l:"n’r’BJun'::;t'n:m ff/ ale wa:l}:"{: Q] T ﬁ_’_% Tf.l) Tfﬂgi ugug-a]—aiq‘
/‘{regmn F3 EE.""'“
sm ¢ pED103 %
X 6.2kb )
puc18
M1yt
hg’?mnuciease Smart
"Ugation
from Ya-B8
chmmosumaﬂ_:??“:'“__ﬁjm“—_&&m SmiSp
f eV
pEM103 3
Junction
ragion
amyE E : EcoRl
H : Mindlll
M M
Sm : Smal
Sp : SpH

Fig. 2. Selection of Tm" Amy™ strains in the plate con-

Fig. 1. Construction scheme for the aleE amplification
taining 1% soluble starch and 40 ug/m/ tunicamycin.

vector pEM 103,
(A) (B)

Fig. 3. (A) Alkaline elastase activity of gene amplified strains (Tf-2, Tf-2) in 0.5% elastin and 40 pg/m/ tunicamycin
plate. (B) Alkaline elastase activity of plasmid (pEX301)-containing strains B. subtilis DB104 in 0.5% elastin and

15 pg/ml tetracycline plate.
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Fig. 4. Agarose gel electrophoresis pattern (A) and Southern hybridization patterns (B, C, D) of chromosomal
DNA of B. subtilis strains completely digested with EcoRL

Lane 1, Marker A /HindlIl-EcoRI; Lane 2, EcoRI digestion of plasmid pEM103

Lane 3, EcoRl digestion of B. subtilis APT119 chromosome

Lane 4, EcoRI digestion of Tf-1 chromosome
Lane 5, EcoRI digestion of Tf-2 chromosome

Southern hybridization &4 4o}

Tf-1, Tf-2¢9} ¥ dF2HE d44 DNAE =4
3l EcoRICE AHnl ¥ agarose A7) 353 AH
A ZB. subtilis APT119)el] u]ste] 83kbe}l 2.3kb
Ha) Z2%% hand”} 73E5dcHFig 4A lane 4, 5).
aleE probe® Southern hybridization +41& ¥ Z#}
ZZ 5 band(8.3 kb)ol] hybridize3}s1tHFig. 4B lane
4, 5). & tmrB probeZ Southern hybridization %
& g A 91 2Z3 band(8.3 kb)oll hybridize
st tiFig. 4C lane 4, 5). 121} vector F-F(pUC19)
probe 2 Southern hybridization ¥41-& 3 43 pEM

1032 2.7 kb plasmid vector®] bandell hybridize3}
AcHFig. 4D lane 2). Fig. 4D 9] lane 20| 4} 2.7 kb .t}
=2 2|=]ol] &g bandZ} HEE=H o)7L A3
2 =2 & pEM1032] bandz} A 7}=™, agarose
A 713 %(Fig. 4A lane 2)o| M= 7}k 31 F-&of gbd
5] BsR] 2 pEM1032] bandr} &alic},

B oA PAHILe 1542 g4 == 7
kb fragment Alelel]l AZIEMFE FHEES dov|lx
oAl R F-Ax FFo] dojbmE vectord] wjdeo]
integration®| 2] ot} Agarose A7]°3-F E Sou-
thern hybridization #AZ® Tf-1, Tf-22] + 45
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repeating unit

2.3 8.3

EcoRl |EcoR! EcoRl| Psi Pst EcoRl

amyE aleE tmrB ,
25 copies

€
15 kb >

1 kb

Fig. 5. Restriction map of the amyE-aleE-tmrB region
and the proposed structure for the repeating unit.

2% &9 3% 998 Fig 54 et &5
29 106 kb(8.3kb+23kb)E AN E amyE,
tmrB Atolel| aleE7} Aol =l Al 2 ZFo] dojyirh

ZZ A0l copy number

23 B, subtilis APT1192] 3 | 3el& 15 kb2
EcoRl ¥y tmyrB7} 1 copy A&, o] o=
tmyB probe”} hybridized}3 vH(Fig. 4C lane 3). ¢}
# Tf-1, Tf-22] 5 759 83kbe| EcoRl =+#H(Fig. 4
C lane 4, 5)° hybridize&t tmrB probe®] *P radioa-
ctivityS dH|ug A3 15kbe EcoRI R} 83
kbe] EcoRI whsie] <F 258 7 vsich o)L 10.6
kb(amyE-aleE-tmrB-junction region}8] Z%$17}
oF 25copy 2EHUS-S 9v|ic) Fig 4B2] lane 3
| % agleE probe2} hybridizedt band”} #3= o]
o] Z.& A 442 gleES}t AHEAd°] Sl protease®}
A 7}t

SE9| oFdy

Chromosomeol] &E% gleEE 71X ¢+ Tm'
Amy* AleEt 432 <fA|9 SR ¢l WAl A
480 (1A © 20+) w3t Z 3 protease LA
go]x| 2] ¢k kA8l rHFig. 6). 12|} plasmid
(pEX301)ell aleES 7 XAl Qi B. subiihs DB104+=
27]2] Zlo] ulsle FAJo] ofsfH %"P‘éﬁ"f?ﬁ‘:}-

oJuta © 2 Bacilluso Al plasmids &3}, 4
A o] FAAFES JASITL "é’ﬁﬁ 24 TH16-19).
Janniere -2 Bacillus®l Km" 3 AE ¥d5h= 5
Zt}9) 2 kanamycine] $li= wix]o|A 15041 v
&l % copy -"7’“—9] W 3l7) gl B wsiedci4). Van
der LaanSS Bacillus alkaline protease gene=
Bacillus 2] 03/91:4] Alel| integrationt ¥ plasmid2}
alx]x3-¢ w|xwslgdc}l Shaking flasks®] ul ofol] A=
plasmid-containing strain3} chromosomal integrant
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(A}

(B)

Fig. 6. Relative alkaline elastase production and stabi-
ity of gene amplified strains and plasmid-containing
strains after 480 generations without selective pressure
of antibiotics.

(A) After 30 generation; (B) After 480 generations.
1, B. subtilis APT119

2, plasmid (pEX301)-containing strain B. subtilis DB104
3, gene amplified strain (Tm"™ Amy*" AleE™).

gx olAstel o), 10-liter fermentationo| A< ch-
romosomal integrantwte] <t s} cH2). £ -9
gene amplificationo] 4+ amplification number7}
plasmid 2] copy numberQ} H]<=35te] alkaline elas-
tase 2] v} 3 -1—1:1] = -g-o}z]{—:- E.ﬁliz]u} Z=F o} 3]
AL £ Zrlstgr}. udebA] culture volume-g scale
updt 9839 fermentationol] wi-§- HF{Y Hew
ALE ¥}

2 ¢

aleE ZZ £ integration plasmid vector pEMI103
& EcoRIZ Axdsle] A ALe] 7 kb fragment(amyk-
aleE-tmryB-junction region)2 B. subtilis APT119%
HAABAAH) Tm' Amy' Ale™ & Yellle 7 o
& Tf-1, Tf-25 ®=H9ysty Ti-1, Tf-29] + o5&
BE] ogMa DNAES zA8}e] EoRICZ Ach F
agarose 7] 943+ A3} 3ol v]3te] 83 kbt 2.3
kb2l Z2Z% band7} A&} aleE, tmrB probe=
Southern hybridization ¥4& & A3 555 band
(8.3 kb)ell hybridize3tgdv}. 5F ¥+ 10.6 kb(8.3
kb+ 2.3 kb)E A AVZFNE amyE, tmrB Alo]dl| aleE7}
At =l AR 25 copy FFo] ¥e%tth Tm" Amy”
AleE™ #F5 A9 HEERe] 9t w4 480
A wokgt 23} protease BAIL HolA|R] R
olA)stedc), e} plasmid(pEX301)+ Z712] 7]
H)3le] FAJo] <A <At
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