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Investigation of Bacillus subtilis gene amplification
by utilizing chloramphenicol-resistance gene
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Abstract

Gene amplification, reiteration of a chromosomal DNA segment, spontaneously occurs during replication in all organisms.

In this study, we investigated B. subtilis gene amplification using a chloramphenicol-resistance gene (cat) as a selection

marker. When B. subtilis strain TI74 carrying a single copy set of cat and -galactosidase gene (lacZ) on the genome was

plated onto the medium containing chloramphenicol at the higher dosages than its minimum inhibitory concentration, it was

found that all high-level resistant strains carried the multi-copy of cat gene. Furthermore, the lacZ-amplifications were also

observed in the cat-amplified strains, thereby resulting in the increase in [3-galactosidase activity. These results indicate that

the car-amplified strains can be selected for increased chloramphenicol resistance efficiently. Thus, car gene is thought to be

useful as a selection marker for gene amplification in B. subtilis.
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1. FEREH%

T2 AIPFpDL2IEZ BT AT 22— VT T
VEF VAT 2T —YBIET (cat) LB—HFTF 7 b
¥ — XMzt (lacz) ZREW T 7 &5 LD amyE #An
FEEHATHETIAIRNTHEY. ZOTFA3
FDlacZ BT 3EETAE—F —2HF LTV AW
728, pMutinT3” H13K @ spac 70 & — ¥ — il % &
¢ Bglll-BamHI Wi v % lacZ #1%F- 1 O BamHIH 4
(2L, pMSLIZHESE L7z, pMSLI 77 A X F%&
T BREE S Scal 12 X 0 EEHIRIZ U724, Bacillus subtilis
168 (rpC2) WML, dugmL D705 LT =
—a—)V (Cm) #&HLLBERNM ECEIKLA. 5
SN EERARD ca B TIE—HAT]1 2 —
ThbI EEEFPCRIEICTHERL, TIT4 {rpC2
amyE: : (Pspac-lacZ, car)} & L7z.

cat AR T E ¥ Bk X, B. subtilisTITA R % LB £ Hb
T 3— 4 W RE AR, @Y R EE (50, 60, 70,
80 ug/mL) O Cm z & LBIERE M LISHE®RM T 5
ek o THAL .

2. 4/ L\DNAFA%L

77 ADNAOFRBIZIE, FEBRIZSLT28E0) 0f
WEEHWZ, au=—2 5B/ 2 DNA % i #
TAHEEICIE, RO Z ) 2 DNAHBRIE L VR ¥
V=V ATy FH) A HWTHRE L2, B
W57 ) LA DNAZ BT 96120, # Z0iRE
DCm % &L LBE I C—Hli s L7 =il 2 @0 L,
iR EG MR T ) ADNATRETH S
T /= 7aakl AR X ) FEL 7.

3. EEPCRICLZIE—HEE
BETIAC—BOERIZETTIA4 K- "L+
AT D AFED ) TV F 4 A PCREEETI00% ) L 7-.
PCR )t 1Z, THUNDERBIRD SYBR gPCR Mix (M
) MR L, 20 uL JUSTEICEK T 74~ — & #RE
300nMIC 2 A X I BIML T o/z. a2 ha—
BIEFELTYURY =2 7 ESI0% 22— F§ 5%
rps] BIZF W/ HHLAETI4 =13 1ITR
L7

4. B-HZU b F—EEEAE
BYRREDOCm % F L LB C— R L 72 W
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PRI DV T650 nm 12 B 2B (Ag) ZMIE L
72, FTOREFEImL & L% EEERBRELCT,
WA Z G £ T-30C CTHRAF L7z, SiREHK%E
0.5 mL ® Z %% 160mM Na,HPO,, 40 mM NaH,PO,,
10 mM KCI, 1 mM MgSO, * 7H,0, 0.35% (v/v) *
HT MLy = ZEEL, 30uLd MV YRR
MUTHEEE L. 208, ¥ 7Wi20.2 mL O ONPG
B (4mgmLO—=1+T 7 2= )V—Bp-D-#F 2~ b
RS ZEER) 2L TRAFROONS T
T28C TR L7z, F8fafk, 0.5 mL o BUSE IR (IM
Na,CO;) Z W2 T, BULKH (¢43) ZicskL, 420 nm
BT BWEE (Ay) ZMELZ. p-F T2 b
F—BUE (U Ag ' s mL ™) (&, Ayt 1 ' * Ay *
0.17"- 10001 X Y& L 7-.

BRREVOEE

) NEBROEHRIIBWT, X0 R LVIBIREME
TTWET ) AEGEROLBIBEEIMK TS5, —F, I
BRAIRAN 20 AR SAE T, FRFIC T 2 2 oAt
PER R HARZRE B2 AR ICHER L, B0 7r
LAEEMRERIKL 2T UE RS %Ww. Z0720, Wk
WEHA~D 7 AEEOTEHIIZT /7 A EEERE R
PIICEILT & 28BN~ — ) — BIZ T LEAW KT
bb. 5 AEHEKERIKTAERELCE 1) H
RERBERGEOMOMER 2B LEEWIERTH %
iz, WHEOE2 S, (2) INWIIHE AR b
VEAETLHIENET LW, F72, 7 L EBEKOE
R —h—@\EFICEThAHME LT, (1) i
{ZF 0 2 ¥ — BN > TERAN AT B ik 3 B
K352 &, KU (2) &R RSHEBE N
L ERBITOND. 0L nEMIIBWT, 10
FAT7z=a—) (Cm) FEWIEEEZELTE
D, BERZERERMERE S HILE, #BHRITH

x1. TEPCRTERALLET 717 —

774 == iyl (5°—3")
rpsJ-F GTATCTGGTCCGATTCCG
rpsJ-R GTGGTGTTGGGTTCACAAT
cat-F2 GTGACAAGGGTGATAAACTC
cat-R2 TCAGGTATAGGTGTTTTGGG
lacZ-CF ACATCAGCCGCTACAGTC
lacZ-CR CTGGAATTCCGCCGATAC
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LHERE LTIENRERTHLLEFR D, 72, £
DI HEETTd 5 Streptococcus pneumoniae FK D 7
O A7x2=3—=VT7YFNV TV RAT 25— Hilllx
T (car) 1Z#9800bp & /NS <, Y538 Tl B R T
BEHO~Y - —#ETE LTALAHINTEDY,
BN~ —H—HBIEF L LTOEHAPNGETE S, 22
T, AT, BIRICHWLHEHE LTCm%, #
W~e—h—BETELTcarBfzT 2L, 7/ A4
EHEEZNEH LR BRI O W T 2174 - 72,
B. subtilis TITAMRIE 7 7 2 @D amyE 8 A% T 30382 cat
BIEFROB-—H T 27 by ¥ —EiEET (lacZ) %5
L DNA (§95.3kb) 2FAENTEY, 5ug/mL®Cm
it E A L CTw5b. 22T, B. subtilis TITAM % fk %
B (10, 20, 30, 40, 50, 60, 70, 80 ug/mL) ®
Cm% &L LBERK M FIC®EAT L7245 H, 50 ug/mL
VL O EETIE S MR 2 53 5 2 L 25 [T
B o 72h, 40 ug/mLLLT O TSk ST H -
72, CmiidPEW o BB L, Cm 50 ug/mL TIEH
10°Ca Y, 60 ug/mL Bh EOREEETIZ#10°-107C
Hole. TITHBBRRETHEK LTI Z—D car
BIEFOaAC—HEEm Lz (£2)., avbu—n
ELT, S5ugmLDOCm%ELLBREKE M LTEERS
72 B. subtilis TITARR 2 10 = — 12DV T b [A kD ZE5R
Tl o7z, TOE, wE L7z CmEEMER (50,
60, 70, 80 ug/mLii?E) P& TIZB VT car BT D
TE—HPEML Tz (382). ZTHiECmilws
% FRERERRPIBI LI E WO RIZ X 5 b0
LEZOLN, caBInTAETITENIEIRY—H —
ThHHILERTOIDOTHLD. HEE FEHOIHEL
72 O OO IR~ — A —Tid7r / &
EHEEONBIHEIRAETLI0%HRETHY, 7/

AEHEPPHETELVWD DL D o7 (RERT—
5).

CmiBEEAB0 pg/mL DM TER SN za o =—17
BRIZDOWT, catiBfa T O 3 ¥ =¥ F4135.0+0.96 T
HY, 60ug/mLOIEETEKSINAaT=—108T
¥ —BFEIE12+30TH o7 LA LENEDS,
708 X U080 ug/mL TEK S N/za 0= —2BIF 5 cat
BAZF O3 ¥ —HDOFH1360 ug/mL O JE Tk &
N DL BREFALTHo72Z 0, REHFTD
cat BIZTOa¥—HiZ12a¥ —RBENEFRTH S L
Bbhi:. 5%, caBlZT %7/ HEHEKEOERIC
FIHT 57290121, cat#faT O3 ¥ —$ % T2
BRLUENRD L. FOOICIE, cat#BinTHEYT
HHLIVATANT == VT F VT VAT 2T—
I EZRT S5 L9 REREEAT LD, LD
WIEG T OE—F — OB IEL T LTI ) EET
HHEEZOND., ¥R b, /BT AT=a—)
TEFNVENT VAT 2T —EEEIET Lzl T
X, 0% Cm PR T 50 ca IR TF O
I—FBr L0HMEeLTNELsnzDdTH
5.

—J, lacZBIETIZOWTH RIS —HKoE =
FEBREAT % 572, 3 =B car BIET L 13T
ETH Y, catBIETOEBIN> TlacZ@nTHE
BL-ZLARENT (F=F3RET). Ihoy
JAEHWRIIBII AT by —EiHMIE, Cm
50 ug/mL CEK I N0 == 2BV TFHH2-3
R, R TR SREHMT A2 LRI (F2).
L2L%AS, Cm50ug/mL CiERSh/za0=—
60 ug/mL CTEKEN T O =TI FH -
B2/UEHIMLTWAIZWeT, p-F727 b

x2. CmEzHEREE LT/ LERICL ZHERBE

Cm itk (ug/mL)

5 50 60 70 80
cat EHROE G (car EAREL RERED 079 17717 10710 10710 10710
cat ¥ =% (F1) 0.94=0.045 5.0+0.96 12+3.0 12+17 11+13
car A =% (A - 1K) 0.84-0.98 27-68 82-15 8.1-14 9.1-14
B-HTF U+ F—ElEE 110+22 270+90 310£58 240+ 46 250+53
B-H#TF 7+ =¥ (A -&K) 64 -139 166 - 532 252 - 447 180 - 329 186 - 359

cat BRI rps] T —BUTH T B cat A =D 2D DB DL Lize HRHE I ¥ —HOE R 217 7% o W ZE R T,
INOHEB L2 ETOKRIZOWT, B-FTF 27 by =¥z le L.
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