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Strength of the Mutant Promoters for the B-xylosidase gene of Bacillus stearothermophilus No. 236.
Kim, Mi-Dong and Yong-Jin Choi*. Graduate School of Biotechnology, Korea University, Seoul 136-701,
Korea — The xylA gene of Bacillus stearothermophilus No. 236 encoding {3-xylosidase was cloned and
sequenced previously. The transcriptional start site of the xyl4 gene cloned in E. coli was identified to be the
guanine (G) by primer extension analysis. This supports that the expression of xyl4 gene is also directed in the
E. coli cells by the previously determined transcription initiation signals, -10 sequence (CATAAT) and -35
sequence (TTGTTA) separated by 12 bp. To increase the expression of B-xylosidase, firstly the spacer region
of xyl4 promoter was extended from 12 to 17 bp, and then the -10 and -35 elements were converted into their
respective consensus sequences. The mutant promoters thus obtained were tested for their activities in both the
E. coli and B. subtilis host cells. The change of the length of the spacer region from 12 to 17 bp resulted in a
1.6- and 2.5-fold increase in promoter strength in comparison with the wild type promoter in E. coli and B.
subtilis cells, respectively. Also, strength of the promoter with the fourth T to A transversion on its -35 ele-
ment increased in the transcription level by about 35 times compared with that of wild-type promoter. How-
ever, surprisingly the 5' end C-to-T transition of the -10 hexamer showed a 5- to 15-fold reduction in B-
sylosidase activity in both E. coli and B. subtilis. Together, the present data demonstrated that the 5' end nucle-
otide C of the -10 sequence CATAAT and the fourth nucleotide A of the -35 hexamer are two most critical
nucleotides for the promoter activity in the context of the xy/4 promoter.
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Fig. 1. Construction of the pWPBR-1. Plasmid pWPBR is a E.
coli- B. subtilis shuttle vector containing a promoterless subtilisin
gene (aprA). Plasmid construction of the pWPBR-1 was described
in Materials and Methods. The 2.8 kb fragment which contain
complete xyl4 gene was inserted into a pWPBR that was digested
by Hind TII. Amp® means ampicillin-resistance gene. Km denotes
the gene encoding the kanamycin nucleotidyltransferase.
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E 31Abs}el 32, 3?P-labelded DNA probe2E primer NorF
(5-TACGATGGAATCGAT-3)3} primer NorR (5-AAA
TTGCGCTAACGC-3)E AM-3le] PCR3}e] Lsict.
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£ labeling 3}t 5 E. coli M| EZRE deo|zl RNAE
10 ul labeled primere} &3 F 0.1 #|2] 3M sodium
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42°Coll M 1217 ¢t WEgA1Z] F, 1ul 0.5M EDTAZ. uf
JR]A)1712. 1 pl] pancreatic RNase AS A71sle]
2 RNAE 38l AAsid. 2 F wg-& 5 phenolt
ethanol. & A A] 7] 3L loading buffer(80% formamide, 10
mM EDTA(pH 8.0), 1 mg/ml bromo-phenol blue)ol] =<1
% 8% acrylamide gel®ll loading3lqoF. DNA &2 o-
[*°S]-dATPZ. labelingdh X-ray filmeZ =ZA)ZT}H15].

4n 9 %

2| transcription initiation site 0l

B. stearothermophilus No. 236 A Eo|AM2] xyid9]
transcristional start site 243 xyld4 F7] MA-S AAFE o]
1 ¢d=tell A transcriptional start site¥ translational start
codon® ZHE] 15 bp $1Z<l $1*I3t guanine(G)el A=
BAMES1em xpyld promoter?] -35 elements TTGTTA®]IL
-10 element CATAATS] # o= FA3lgiv}H{13]. ¥ A+
ANE xld FHAE AT Qe AZG Eeep)=S o
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Fig. 2. 1dentification of the transcription start site of xyl4 by
primer extension. (A) E. coli XL1-Blue containing recombinant
plasmid pMG1 carrying xyl4 was grown in LB media supple-
mented with ampicillin (50 pg/ml). The cells were harvested when
the cell reached to the early mid-log phase and total RNAs were
prepared as described in Materials and Methods. The arrow indi-
cates the transcription start site. (B) Nucleotide sequence of tran-
scription and translation initiation site of xy/4. The transcriptional
start site of xy/4 (+1) was determined to be guanine (G) located at
24 bp upstream from the translational initiation codon (UUG). To
increase the expression of B-xylosidase, the sequences of xyi4 pro-
moter were converted into their respective consensus sequences
and the length of the spacer region was changed from 12 to 17 bp
using a QuickChange™ site-directed mutagenesis kit.
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Table 1. B-Xylosidase activity assay of spacer region mutants.

Promoter Specific activity®
Clone 35 bp* E. coli B. subtilis
(unit/mg) (10"3unit/mg)
xylA TTGTTA 12 CATAAT 1.57£0.14 6.91£3.61
12SR17 TTGTTA 17 CATAAT 2.75+0.28 15.77£2.01

#One unit of enzyme was defined as the amount of enzyme required
to release 1 (mole of p-nitrophenol per min. The values shown are
the averages (+standard deviation) of three independent experi-
ments.

bp* : length between spacer regions.

oF 2.5 Z7F=%dvH(Table 1). WP prokaryotic organisms
°] 73-%- promoters T4 5= 7 hexamer Atol2] 7 ez}
promoter strengthell & °33FE- v|X|w =2 A7} 17 bp I
o] promoter DNA$} primary sigma factor7} 74 &3¢l
2h8-S- 3 4 Qle 7, 19F= S AEds 4~ Al

%371 spacer region®] Wzl 2|3t 424 STt AN
| Z transcription level £710l 7]91% A E Eelslr]
18l Northern blot A18-2- A1A]3}ed mutant promoterel]A12]
mRNA AAFRFS- Z38] Bolvh(Fig. 3). Spacer region®] 7
2] 2 12 bpoll A 17 bpE AAAI RS W wild-type xyl4
promoterell B8l E. coli®t B. subtilis ¥ S5 ME 5%
(B-xylosidase &4 Z713l B|#| 4 22 mRNA AJAleke]
Z718 B 4 2lgde) webA transcription levelell 1o
% % hexamer Ato]¢] Azl7F 17 bp & © promoter
strengthel] 1ol 7 E&2YS & 5 U

Promoter sequence?| tHO| &z}
xylA 2 2}2] transcription start site (+1) % -10] A

E. coli B. subtilis

- B-xylosidase

«- 23S rRNA
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Fig. 3. Northern blot analysis of the 12—17 bp mutation of
spacer region. Northern blot analysis in £. coli and B. subtilis.
Total RNAs were prepared from cells grown in LB containing
ampiciltin and kanamycin, respectively, for 10 h at 37°C. 10 ug of
RNAs was loaded onto 1% formaldehyde-agarose gel. After capil-
lary blotting, the membrane was hybridized with radiolabeled
probe and exposed to X-ray film. Lane 1, E. coli XL1-Blue; lane
2, xyl4; lane 3, 12SR17; lane 4, B. subtilis MW15; lane 5, xyl4;
lane 6, 12SR17. The upper panel indicates the position of full-
length xyl4 mRNA and the lower panel indicates positions of the
23S and 16S rRNAs as pointed.

Table 2. B-Xylosidase activity assay of promoter sequence
mutants.

promoter Specific activity*
clone E. coli B. subtilis
-35 -10 . 3.
(unit/mg) (10~ unit/mg)
xylA TTGTTA CATAAT 2.61+1.70 10.11£22
cioT 0 - T----- 0.18+0.09 2.42+1.00
T35A A e 5.98+1.24  346.80+145
T35C e 0.57+0.05 315.62+89
TT35AC —AC- - 0.47+0.03 250.82+64
TTCI7ACT --AC-  T--—- 0.30+0.06 1.6742.00

?One unit of enzyme was defined as the amount of enzyme required
to release 1 umole of p-nitrophenol per min. The values shown are
the averages (*standard deviation) of three independent experi-
ments.

-5 Alolo]] x|}k Q)= -10 element® F4E = hexamer
o] 7] Mh-2 CATAATEZA A 4719l C F7[3tel
consensus sequence (TATAAT)2} U] 951 ) vh(Fig.
2B). et AWA 97] CE w2 UES M= T
2 o] AlA consensus sequenced} 2FA U X F = ol
promoterS 311 xyld gl v|X= oJ3kS P8 2
73}, Table 20| FA|H o] Qh= wkel 7o) ol AFSIR E. coli
o] A9 o 15w 2]l B. subtilis AEANME= o sull Z]
= EA o] ZAanE Boldt HAS Ve o]}
7o A= FARA elA e AYE & 4 e B
stearothermophilus No. 236 759 xyl4 A A= =
3 YA R 10 hexamerd 5 F WA g7)7}t
consensus sequence®t THE- C |71 | xyi4 FAAL wE
o 2lo] o #2l3 promoter TEEIL & 4 e AYH 2
= Aol

o}e-2 35 clement?] 5 ollA 4HA 7] T= consensus
sequence (TTGACA)S} ZEo] A 7|2 WolA|A & A}
xyid FAA}E gl E. colelAe wild-typeoll vlsl 2F 2.3
vl 2713 A B, subtilis A ZANME o 340 AL FolR|
= ARE 9o £33 5 elM SHA 471)] TR CE ol
AR & dellE E colidlAE HEE FAE B2 B
subtiliso| M= BFAE oF 31 71 EIE vehd o2 A
5 &5 AFEZ) o] Exfe] FEist xlelE Bgvh(Table 2).

3hH R S5 M EIAM xyld FAF BEES oF 1.5~5m)
AE 224417 345 29 10 element®] 3HA] 97]
Z T #ole} Hage) 7 £ F71HES Rl
= 235 element®] T—AH ]S SAlol 7IX]AL Q&= o|F ¥
o] promoter?] 7%, -35 element?] T—A Wolol] &J3F ¥
£ Z7} 37} -10 elementd] C—T ¥Heo|&E 1 37} A
AH= Fr|ze A7E Ak oFA] e T hexamer®
%47] Mdo| consensus sequencedl| 717EE L go] S

742 oleka uglevt ] Yol AR B k)
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« B-xylosidase
mRNA

« 23S 1IRNA
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Fig. 4. Northern blot analysis of the change of promoter
sequence. Lane 1, E. coli XL1-Blue(A) and B. subtilis MW15(B);
lane 2, xyi4; lane 3, C10T; lane 4, T35A; lane 5, T35C; lane 6,
TT35AC; lane 7, TTC12ACT. The upper panel indicates the posi-
tion of fi ll-length xylA mRNA and the lower panel indicates posi-
tions of the 23S and 16S rRNAs as pointed.

Z-Foll w2} promoter strengthZt 2ol & 4= ek A&
o 4 A

o]Ake] xpl4 promoter sequence2] Heo| EIE Fgle| B
A3}, T promoter elements AFo]e] A=E 17 bpE AR
713} B-Alof] -35 element®] 5' Zel] 4°H4] 972l TS AR
o] A]Z] mutant promoterZ} 7P 52 promoter strength®-
R 7 88491 xyl4 promoterele &S S 4
et

o> A7) xyld 322 promoter sequenceS H A
7] Z}% promoter ¥ |7} transcription THA ol B]X]= o3k
£ A 1H 7] $]8le] Northern blot 288 A A3} Fig. 4
o} 2 ANZ Agieh. AR wiel Ze) xyid®) AAMA
2 B-xylosidase B4 ZAo) 2|3t walgke] W3K(Table 2)
o} ok dAEE AHE HH) o9} 22 A= E coli
2} B. subtilis 5 S5 A E A thzte] -10 element®} -35
element AF0]9] 718]Z 17 bp= 2T -35 clement®} 5' 2=
oA A ¥7)el TE AR #3138 mutant promoter} 7}
2 2312l xyld promoterghs A& AERIAIA FHHL
sl

oj i B AFoMe AR ARE FF - B ¥y
prokaryotic organismsoll 4] oJ® E2] promoter?] promoter
strengthl= Al 8] &l ulelr] o]z} vhe & EEo|
735l wEbME 3B A EeA M= FAAke] el wel =2
A B E 4 dee i F=83 A4S 942 5 sl

o [e]3
pes =

Xylan %3\ 5-Q) Bacillus stearothermophilus No. 236

Fa]#e] Bxylosidase AF AR xyl4)e] d7] M o
transcription start site® ZAA3F o] AT A}el ostd
xylA AR w9 o8} UUG codonellA] translation®)
AlZF=]m initiation codon 15bp R Zol| = promoter® 5%
H= @7 MEE 7R ol AeE BAFEAY. o9 7
2 xyld 737} promoter region®] T-F= E. colPll F24
g x4 FRAE ol 43 AF AR = FIEN xylA
promoter2] -10 element= CATAATEA] 19 97] 5 )
7b 28] 2 -35 element®] -5 TTGTTARA 67]¢] 47
Z 4717} consensus sequence®} U X =921} F hexamer
Atele] Al7b A AzrlolA ZA Bleld 12 bpel A=
FAFAS & AFolXE Bxylosidase®] A YA H
8k A7) UZO =2 xpi4 promoter sequence®] HAA F=
W 3loll ©]3} promoter strengthel] T]|X|= EIE E. colis}
B. subtilis ¥ %3 M EoA ZA} BAE) B Az (A=
5 promoter elements AF¢] 2] A& A7l 17 bp=
WS W wpide] HHELS E colidlME= 1.64, B
subtilisol A= 2,59 AE F7HEe BelFdeh. 283 35
elements consensus sequence$} 7ol §' ZollA] WA ¢
Ao 3 T-AR Weo] AFE 9 E coli 7% 2.34, 53]
B. subtilis| M= 358} Bl 71 %2 promoter A2
271 29g9vh. 22} -10 sequence?] 7% consensus
sequence?} Z+o] 5 Zol M AR $ X )= C-TE
transition AlF-E o AR 23)e] WEHEo| 5~15 wi7HA|
WolA e Bolgt S Aot e B A7 A3} xyid
promoter®] 739~ -10 sequence?l CATAAT®] C$} -35
element?] A2] F 97]7} promoter EAdell glo] 7P 2
g 97193 o 5 sl

ZArtel 2

B A= 2002905 vt BT oste] 4
Y5 ALZ ofof] HAE=ERY.
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