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Mechanism of DNA transformation based on mineral
nanofibers and method improvement
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Abstract: Sepiolite—an inexpensive, resourceful, fibrous yet inoffensive mineral-made DNA transformation rapid, simple and
efficient but the mechanism for DNA transformation was still unclear. Through RNA competition test, we proposed the different
transforming mechanisms from the previous report. Meanwhile, we optimized the transforming method and could transfer a colony
stored at 4°C for a month with plasmid through sepiolite fibers. The cells could be transformed well without competent cells
preparation or incubation process. In sum, this was a novel potential transforming method, which could be explored further if the

chemical method and electroporation could not be used.
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1.1 ZHFIE

pET15b Bk A ALHIRAF . E. coli DH5a TR k1A
A b at AR R OR A PR A A R FL R AT
Lactobacillus brevis AS 1.579 W H H ER2# B il A
Py T B op DR L
112 =7

fEHE K. 250 bp DNA marker 4 H TaKaRa 2
H RIESMA 7] o 200~300 bp (9 RNA MATFLERFF 1A
AS 1.579 $E I, EAGLORAT T4 W A 18 [ Kremer
Pigmente A fR /s A (Kremer Pigmente GmbH & Co.
KG, Hauptstr. 41—47DE 88317 Aichstetten, Germany),
PR 58945, WTEME . FRMAK. ki =H
SEIRALNE (CTAB). R FISUIEBE I F b 50 4 [ AR
WA R o AR 55 S AR AR A4
JBAE MR TR | S0 RS RS X A A
W A R s A= A iR
12 7%
V2.1 LB IF IR R R IR o

VR 7 A PR VAR SR E % 490 B AR 1D
£ 121°C K 20 min; FZEK B T/KHE 200 mmol/L
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KCl, 5 mmol/L HEPES £, F NaOH i pH %I
7.4, R BRIG R 5% (WIV) R ARETER
T ANEC 10X A7 2% P (2 mol/L KC1, 50 mmol/L
HEPES, 7.4) #%Hi.

LB 15573 £ 950 mL L& T /KA JBEE A
10 g, BERRIEEUY 5 ¢, NaCl10 g, ¥EEhase i
BV, H NaOH ¥ pH = 7.0, JHEE TKER
% 1L, L200mL, MMA 3 gBiE# . 7 120CK
B 20 min, FRIEEMEE] SOCLEA, IMALMKRE N
100 pg/mL ME R HEEHER, MR 40 MR

MRS FZFEIR AH: 1 L 288K b i R 54
gy JREEER 10 g, FRE 10g, BERHERY) 5 g,
MW 20 g, BEREA M 2 g, MER=%2g, &
fReh 5 g, i 80 1 mL, HRMREE 200 mg, HiMR%:
50 mg, F RS AE 121°C K4 15 min, 3 pH 3 6.8,
o A A T
1.2.2  JEAALTRN pET1Sh id 42 RF44E E. coli DH50.
Vi e

MTF 37°CHFE 20 h 14 H7 &7 A PPk E— A
E. coli DH5a FRTA % , #0710 mL LB AR K 77 4k
H, 37C T IRGE TR . FIZR WL, 12100 (1Y
e B4R F 100 mL LB W ARKE SR, 37°CHR 5
7% 3 h & ODgo=0.5 2247 o B IR ML N B0,
UK EJCE 10 min, A5 T 4°CF 4 000 r/min 5.0
10 min, FF2 bW, FWA A AZ MR 10 mL
BRI EIEAM, 4°CF 4 000 r/min 2.0 10 min, fi%
J5 FH 2 mL (IR A 22 o R R, BT UK A

B 40 uL pET15b %W (100 ng/uL), JiINA 10 uL
5% (W/V) BHAREAEI, ForiRE, HUS uL %%
o FIAEEW 12 000 r/min B0 30's, H] 1 mL
TG B SRR 2 W WS R 1% 135
B M L K ARSI

B I ARME 50 uL, JIA S uL Bokr b6 F )it
WA (FEALWREN 0.1%), T RE . BEHT
A 50 uL, WA 1 pL ¥EiRJE MG (BIEA L
WEER 0.1%), FiReG. ¥ 2 FErmmms) 2 4
LB & N HEE YR (100 pg/mL), 7 BF B HS
RIS 30 s, ISR TR 37 CHEFRI .
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1.2.3  FIHHHEH 470 pET15b F41E E. coli DH5a /17

AT R R DNA F bR A . B H
A 50 pL 2 fy, 1 3] LB BEHRAiML, 540 14
SRR B AT MR . 435 10 ng pET15b Al
1 uL 5% (WIV) MR, FEomRG o 3% 2 Fi
FENE] 2 > LB 2 W B R YU (100 pg/mL),
7 B FH B B AR A SIUR AR 30 s, RJn e 37°CHE R

LR BE XS DNA Fe AL 0952 m . 43 5L
A4 500 pL. 50 pL 1 5 pl, A& 5.0 )5
50 pL V004 92 thRCRIE , SR A 45 L A 92
RTE, XK 3 ADFERT ODgoo 435102 200, 20
12, 439MA 10 ng pET15b F1 1 uL 5% (WIV) i
WATEIAR, TR E . ¥ 3 FE = moms] 2 4~ LB
FNEHERPETAR (100 pg/mL), 57 B B ISR
SRR 30 s, FRJEIRTE 37 CHEFRITR

TR AT B YR BE X DNA S5 AL AR < 43 1 B £
FHEARAEL 50 pL 3 43, 43 5 FC B 1A AR 1%,
0.1%F1 0.01% MIRGW - 735 A 10 ng pET15b 7
SHRAG . B 3 FREIEBOME] 3 4 LB A EE RN
PESFAL (100 pg/mL), 7 B BRI 51 P4 30 s,
R O 37 C R IR

VR BCRN 1 Ab BT DNA B Ak 5 152 - B
R4 50 uL 7 63, 2 BIAA 10 ng pET15b F
1 uL 5% (W/V) AR, R RA . ¥ 4
FEWME] 41 LB Z N R R BUE A (100 pg/mL).
ST B FHBEESAR S BB AT TR 10 . 20 K. 40 YA
100 K, HRJGHAE 37T CHFRAR . 7340 3 hraffs, 1
337 BB AR A A1 0Pl 30's, 55 2 4 10 min J&
B SR 30 s, 25 3 4y 20 min J& B ES
WX 51 30 s, )R TlrE 37 CREFRET
1.2.4  FIH# 4175 pET15b E#F41E E. coli DH5a
B ETE

WA CHR 1 AW E. coli DHSo BARE VS, IA
20 pL VLA G, A 100 ng pET15b A1 1 pL
5% (W/V) HRRAGEAFI, FEMIRG o AL EE
WnE LB 2 N H &R PR (100 pg/mL). 7 AP
FHBE BEAR I 510 30 s, B iU7E 37 CHE IR0

1.2.5 A MBI E AS1.579 /) JEé RNA HI#EHK

J T ARAGEFLRRFT I AS1.579 /N BE RNA, %
LU AN RNAase LA, &% 50
FrobE g im ), JExd oy ik T k. ATk
T B TR R FLIR AT A B 10 mL MRS }i g2 M,
200 r/min. 37 CYEFMH . ¥R HFHEYH 150
A 100 mL MRS H', 200 r/min, 37CH; &
ODy00=0.5. 10 000 r/min &.0> 30 s, WAETLHE, i
500 mmol/L iy EDTA ¥E¥% 3 K, /5 H 2 mL
500 mmol/L EDTA &%, 200 W il 4L B 1 min!*?1,
10 000 r/min #5.0 30 s YARDIVE, HL 50 mg WA
400 pL TE HEAET 1.5 mL Z.0A4FH, IMALKKE N
10 mg/mL ¥ T # , 10 mmol/L ) DTT, 37 CA4i& 1 h.
A 50 pL K (10 mg/mL), 1849, 65°C, 1h,
JIIA 100 pL 5 mol/L NaCl %), FiA 80 uL iy
CTAB/NaCl {4, 65°C 10 min, JIITA [E44 ()5 FR AR
BLUSE 6 mol/L'Y, Frdn IR MR )E, InASE
R /A 5 1 IR B (250240 1), RS,
12 000 r/min B> 5 min, B, A00.6 AR
SRR, RS, EIRACE 10 min, 12 000 r/min 2.0
10 min, VLM 75% M SRR, B+, fjaH
20 pL TE #f#, B3 pL FLIKAG T
1.2.6 /)\/BéRNA X/ pET15b #4/F E. coli DH5a H9
AN

Bl ul 5% (W/V) tAafEfim, A S uL
/NFBCRY RNA $#EUR (200 ng/pl), FE4MiRA, ik
TR A T R RNAS LA 10 ng pET15b F145 1Y
A 50 pL, FEMRG . HANIETFINE) LB &N
HEZPUEFH (100 pg/mL). 57 RFFHBE AR 511
A 30 s, fREEEE 37 CRE SRR . S AN
Bf RNA XTI,

2 HR

2.1 ERAKM pET15b it

ME 1 LA, FH pET1Sb 1A A A,
2 3 VU0 A 5% PR FE 53 VR VAR IS TRV A TL T A
F| DNA, Ib2h 3R Ut BH i A XT B0k Y pET15b W B
AEJ1R S, JL-FEAE] DNA WM. ] pET15b #iF
(AT i AL, K I e B RS I i T YRR S
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MR A AR (2, 16-17) XEEL RG], F
PR A SRR AL, A AT REAS A DNA
ATE E N, T BRI TR A AR T AR Y B
/ML, 530 DNA [ REHLIEA

1 1% IRBEHE SRR B kA NG /8 A IR M pET15b &2
Fig. 1 Analysis of 1% agarose electrophoresis for the ability
of sepiolite absorbing pET15b. 1: pET15b; 2: the sepiolite
absorbing pET15b saturatedly; 3: the sepiolite saturated with
DNA was washed once; 4: the sepiolite saturated with DNA was
washed two times.
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Fig. 2 Optimization of DNA transformation for E. coli DH5a
based on sepiolite. 1-2: the effect of sepiolite buffer for
transformation. 3—5: the cell concentration is ODg =200, 20
and 2 in sample 3, 4 and 5 respectively. 6—8: the percent content
of sepiolite is 1%, 0.1% and 0.01% in sample 6, 7 and 8
respectively; 9—12: the circulating times are 10, 20, 40 and 100
in sample 9, 10, 11 and 12 respectively. 13—15: the pre-dry
treatment is 0 min, 10 min and 20 min in sample 13, 14 and 15
respectively; 16—17: washing effect for transformation; 18—19:
the effect of RNA treatment for transformation.
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22 FAERAX pET15b 31k E. coli DH5a BY
RIESHML
221 ZEME

RIS 25 AR, il B 557 5L e fb e w5y T8
TR ZZ P (B 2, 1~2)0 53 HMEEIHLAT 5% vh I B il
F BEBR TR R E B, R G SR B R PR A,

AL AR A SN 3%
222 Yk E

0 v R AR IR S &m
5T 3 B 24 0 4R B AE ODgop=20 I AL R B i (
2,y®0$ﬁ?%%,%%m§t%%%$@%o

A RE 5 VA B B2 (AT A O, ANk
K, WA dgEAtestrizsy, T Bosx
JfL A A A
223 HHLEE

TR 6 45 5 3R W0 FH Ve YA 1 R LA 1 T
IE 10 f5, MEAALRA S AELL R (B 2, 6~8).
FATA R T 0.1% WTEFAREE , A 0.01%,
bR S, BIRFEFARERE, BGHTA
[FJ Y7 it 22 AL A7 AE G K £ A R 1 22 5
224 IR THRIKRBAIRE

WAL A, HERWTR, MERE
WAL, ez (& 2, 9~12), 534k,
BE & T AL BRET E] AT, AR B RAR (1B
2, 13~15),

2.3 FRERAX pET15b HiE{L E. coli DH50,
BE%

fE A4CHEFAE 1 A H B RRYE , R A1)
SRAT LASE B BTRL I A . B 4°CHREAE 1 D H I
W&, ORI A A, RN T 100/pg
pET15b, fHJE, ZIRIER KT TIE], AFEEH
TR PRGSO B2 2 A B3 IR T R A2 R e
OGP E e, R FRE  fk, mT
P, G R R L S, AR, AR
VEANIE FH T X e A R 2R AR i S8 58, Hn] DLZE
SRR G LR wE T K R R ] TR

SERFIR A SCHG , Ll I 2 LE SO R X BT ORE 14 5 I
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2.4 $EFLERHFTE AS1.579 /K EX RNA BYIREX

N TSR HARAL B RNA /B, SR U [H 20 32
U7 A3 2B RNA F B, 2 izik g, T
B LR AT RS 2 AR /N B RNA: WREERGR, K
F 200 ng/uL; 4 FE7TE 300 bp 247 (& 3), #4kE3C
BRARIE , JEEE G T A - DNA B4 4541
5o RS, FRATd 2T HALRA P RNA $21L,
255 RNA B2 —ZRBR R, o FmEh
£ 500 bp F1 2 kb Z[A], ARFG AT E, XX
Fpeh 25, ok N R b A A

bp M 1

4500
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Fig. 3 Analysis of 1% agarose for small RNA extraction from
Lactobacillus brevis AS1.579. M: marker; 1: small RNA.

2.5 /MK EX RNA %t pET15b 481k E. coli DH5a
=afA

22/ B RNA MR A 44k E. coli DH5a.,
EXAML, LA 2210 (82, 18~19), [F
FEUERA R HIE Ar SE B BOREGAL A P REAS 2 1t
iy DNA HEATE BN, i diEi A 7ers 3238 m™
AERBREINL, SEIMNE DNA BIREHLIEA
3 9t

F R AT AT LLUR A5 e mT LA SE 3R X6
AR AL s R A B AR RR A AT, JCEUEY)
B ARG, RaxtE AR AR,
PR B AT AR IR A s AT B M &
AT LA B m AR DA, BRIRTEE . M
R, X FEAA T RS

HR, XFRFOABIRAGKMER DNA

FEAL ML SR ANAR 5 4 o Yoshida 251 FH i A1 AR 2B 47
DNA {55, $Hsagpll], RO A A A oK s
Bt DNA, {5 B PAR LB ), 2R 229m AT
FWN. 15 FEHNR RNA 5164 AH EAY DNA 32
G, DTS2 B A0 8 5 DRG] TR AR g A i AR 11
Wilharm S5%F I 5 AT T 0k, RAICA Wik
XF NFREE AT I AT HEAT T DNA 4k (A1 48
AL PLEIISR 55 Yoshida ZE3R3E pOAEIR . TR
TR0 2 WD A W DNA B9 BE S AR SR AR 3 , Ve ik
Ja, FEALRRRFEAL, M H RNA MRS e,
AR IL T WA RS, RS2 Ui, T8I A AR
FHRAS By — R BERIAULAR T, FEdn i b-ods i AL, 5
ULAME DNA B RISE AL, X FhF LI G 02 v]
M, B, @RS AR, HIFfLE R
BT, ARG R, TSR0 B AME DNA 3
AHHHE N, s SIS fl sk B, 535k, H
T X DNA S ALHLHI A AT, S 80R1E ik 2
5, Wilharm SFARGEAATHE B O HLEIN R, EURF
BT EE 28 5 T A R ARIETRATXH AL (0 LA
AL FEXT 42 5 DNA HAbRAF] . REH T fe,
FHBE B T B PAR, He bR m o Xt BRZE, B
& T AL PR R R E G, R B AR (14 2,
FE&h 13~15),

FE BT T A X B I F A0 9OR MR E e Ak
PURIERS E, FATZ AR AT T 00 R4k
ARV AR R TE F, HHREE ODgoy #£ 10~20
Z ], AT N 0.1%, AETTiER, A
TEREE R T, FFEER TARBS I FE 1 min D)L,
A LS BB AL AR TR . X SR
FHRGEMHGES, (AT 57 R A1 00 B,
e AL R AR 15 R T FRATTAE T A R AR Y
pET15b R SEgaxt e, X A7 m] LA T 28
JRLI AL o A SR A0 pUCTS 57T LIFS 3K
F 1x10%/ug BORLA AL o SRR Ak 7 7558 FH T X
FER DNA (Fikr), 27 DNA FH AR 90
A RHEER,

AR T R S R LRI A R R 22
B, AR AR, SARKRWES ., HiZ5rETL
TR AN . AT ESTHEMAS . LR
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YR 1 AT DL S A, i DL ik Y
AP BIAR Z 95 3 1 7 bk o A T RUE
Yiy DNA 40 J8 T —Fh AR5 B ik ik, i B
TRy s AR S . TEFRATA IS T K K DNA 5
E. coli DH5a TEMBI BL.OAE IR G, 48k Y BEAL A 3)
HEPTLASEEE DNA (6 Ab , 04 R ) L3 i 163 3
1. DNA FfA P deis F2 i v] LIS 9 DNA 15
b, B FCRE R AR P 1Y) DNA AL $2 BEAR B 1 7
o JIAN, MEMLATRT LI T 2L FCBH T R
HIZ 76 T B A Y1) DNA R LR A ikl , AR
P B AL BLTIHERE , SR TR AR Pk F T
FAZAY AL
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