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Abstract: To investigate the factors influencing the artifical transformation in Escherick-
ia coli, E. coli C600 was transformed by pBR322 DNA with tetracycline and ampicillin resi-
stant gene purified by CsCl-Etbr equilibrium density gradient centrifugation from E.coli
HB 101.

The influenicng factors in the transformation such as concetration of calcium chloride, time-
of ice incubation, temperature and time of heat shock, time of gene expression, effects of
plasmid DNA concentration and adding time were examined in these experiments.

The results obtained were as follows,

1. The highest transformation frequency was observed in the treatments of 100 mM CaCl,
before heat shock and the treatment of CaCl, was essential step in the process of E. coli
transformation.

2, The highest transformation frequency was observed in the treatment of heat shock at
42°C for 4 min. or 37°C for] 6 min., but the prolonged heat shock resulted a decreased
transformation frequency.

3, Treatments of ice incubation at 0°C for 45 min. before heat stock, or at 0°C for 30
min. after heat shock resulted an increased transformation frequency.

4, There was a linear relationship between DNA concentration and transformation freque-
ncy at the concentration of 8x103 recipient cells. The highest transformation frequency
reached in case of 7 mcg of donor DNA, but above 1 mcg of DNA concentration, transfor-
mation frequency was not remarkably increased. Addition of donor DNA just after the
treatment of CaCl; was the best.

5. The best condition of gene expression at 37°C were 40min. for TC-resistant gene and
100min. for AP-resistant gene. TC-resistant gene was higher in the transformation frequency
and faster in the gene expression time than AP-resistant gene.

In these results, the best conditons for the transformation of E.coli C 600 with pBR322 DNA
were: treatment with 100mM CaCl;, ice incubation at 0°C for 45 min, heat shock at 42°C
for 4 min., 30 min. of ice incubation and incubation at 37°C for 100 min. for gene expres-
sion in that order.
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Fig. 1. Electropnoretic pattern of cllear ysate(])
and purified plasmid (II) on 0.75% agarose gel.
SC : Supercoiled plasmid DNA.

QOC :Open circul.r pl:snid DNA.

4.0 4

3

Trans

1.0 7

" 1 1 ! 1 1 1
0 20 40 &u 80 100 120 min.

Fig. 2. Kinetics of gene expression in transform-
ed E. coli C 60) with pBR 322 DNA respect to
incubation at 37°C.

AP : Ampicillin resistant gene
TC : Tetracycline-resistant gene.
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Fig. 3. Effect of calcium chloride concentratioon:
in the transformation of E. co/i C600 with pBR.
322 DNA.
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‘Fig. 4. Effects of heat shock at 42°C and 37°C in
the transformation of E. coli C600 with pBR322
DNA.
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‘Fig. 5. Effect of ice incubation in the transform-
ation of E.coli C 600 with pBR 322 DNA.
®—@ : Before heat shock.

O——0O : After heat shock.
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Fig. 6. Effects of the concentration of plasmid
DNA in the transformation of E. coli C 600 with
pBR322 DNA.
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Table 1. Transformation frequency respect to the CaCl, treatments at the varied stages in the trans-
formation of E. coli C600 with pBR322 DNA

Treatment

Transformation frequency x1078(%)

. before first ice incubation
. before heat shock
. after heat shock

W o

. after second ice incubation
. Jjust prior to plating
. control

@ Ui

318 (86.5)
268 (73.0)
24 (6.4)
5 (1.4)

0 0}
367 (100)

Table 2. Transformation frequency respect to the adding time plasmid DNA in the transformation of

E. coli C 600 with pBR322 DNA

Addition of plasmid DNA

Transformation frequency x1078(%)

=

before first ice incubation (control)
before heat shock

. after heat shock

. after second ice incubation

[y

(9

[S20

. just prior to plating

375 (100)
167 (44.5)
56 (15)
3 0.8)

0 ()]
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AdAd] Wopshrl A gel CaClE ¥7Ht A& tra-
nsformatione] ==z $3k+f.

plasmid DNA<o| =39t ot 3} : donor
DNAE recipient celle] uptakedty 3R] A CaCl,
4} heat shock & &3& oo} 17 $3td DNA -
AN S 22|t A5k table 20142} #Fo] ice incub-
ation #¢] plasmid DNAE 7 A5 bl 2238
W m% A3 ice incubation’ heat shock ¢l plasm-
id DNAZE 73 7 -& 44.5%, heat shock F A7t
T AL 15%, T ice incubation Fo] H7 T A&
0.89%¢9] =] &2 transformation frequency& +Fer gl
on], recipient cell® transformationd 2E ¥ 3}
QL AAe A Ao wlokstzl A4 plasmid
DNA%E 3713 A& transformation == %stet.

27} 2ko|2 =230| transformationo| n[X]l= H&:
recipient cell® competent state® =37 $5he
CaClzA A& a2 w9t CaCl, 4| A w8 27} ofe]
2 EAe¢ MgCl, & BaCl,2 xj2]8}w] transformat-
ion frequencys] =&t ztol7t AeAE 271 $ldd
JE EAY »x& ety e ¢hg transform-
ation A7l A5t table 3o Ao} o] CaCl,E A3

Auko] transformation ¢ v}, v}& 27 oke]241Ba
Cl; & MgCl: 24 4+ transformation = x| ¢
ket

-
X}

Table 3. Effects of divalent cationic salts for
inducing competent state of recipient
cell in the transformation of E. coii
C 600 with pBR322 DNA

Transformation frequency/cellx 1077
(Concentrations
Divalent \ 0mM 50mM  150mM 200 mM
cationic salts
BaCl, 0 0 0 0 0
CaCl, 0 1.25 25.25 6.25 3.25
MgCl, 0 0 0 0

plasmid DNAS| AT SRRl . E. coli®] pBR 322
DNAZE- recipientsl E. coli C600s] &4 A8 4dS A
A%t vb&, pBR 322 DNA7F 247xx gld W4dd
#pal TC 8 APoll 1%t #5h4 geneo] §AAg =9
A sty = o G4Ad dstd FeAE A
A3t A3 table 49} &+, & recipientql E. coli
C 600 AP, TC, GM 22 CMq % MIC+ =+
6.25mcg/mlolske]lx, KM 3 PCE 12.5mcg/mle]3]

t}. plasmid donor Fo.2 443 E. coli HB 1012
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TC, AP 3l PCol % MIC7} 100mcg/ml o] 4o}4] o,
=, KM, GM & CMd} +}3t & 6.25mcg/mle] s}
o]git}t. donor DNA=Z A A3 E.coli C600¢] MIC
+ AP ¥ PCol wjste 100meg/ml o] Felgl ok,
KM, GM & CMd]| dsted% 12.5meg/mlo]5ko] g1 6},
o] A+e] A sl 2 ¥e} donorF E. coli HB 10128 &4
2] 3t plasmid DNAE TC = AP 7144 ol recipient
-6l E. coli C 6004 transformationg #e¢] =gl
=k, 2 donorie] AR gl TC 2 APWA 9
plasmide A AR 1F = = MIC/ 100meg/ml
eldez dehlred JA JxdE Wisl g4
w AP et g4 Ao e §AT A% PC
of Al AR FAd dd=9-+E o 4 el

Table 4. Susceptibility of transformed E. coli
C 600 with pBR322 DNA to antibiotics

Antibiotics {[Minimal inhibitory concentrations
. {mcg/mD
Bacterial AP TC KM GM PC CM
strains
E. coli C 600 _
(transformed 100 100 12.5 6.25 100 6.25
cell)
E. coli C 600 |5 95 g5 12.5 6.2512.5 6.25
(recipient
control)
E. coli HB 101
(donor 100 100 6.25 6.25 100 6.25
control)
a &t

Escherichia coli®] plasmids} AUz Y& A6
conjugation, transduction o ¢
ste] A sEvhe AL axleld] ole] HuA
wo JgFaanrt vk, 53 A 33 el 4 recombinant
DNA9 A 6]® 7}535te] 3 0 2 A recombinant DNA
E Mol %50 transformation A7]& g9
Aol W asiA Hgiek, old] ¥ AYA A= E. coli
HB 1012 ¥-5] CsCl-Etbr equilibrium density grad-
ient centrifugationsl] 2] 3}ed H2]% pBR 322
DNAZ¥ recipientql E. coli C600¢] transformation
A7 ARANA dFe FE FFa40d Behe] A3
ol

#AZ3E DNAYE S8 A& $dsted 247 A
7t¢ o7l $18le] transformation®] =hA|=} X A4
o} 4 LB-brothg 7}33F 37°Ce) 4] incubation A 714
s TC A A& oF 40%, APAFZA L 1008 o=
wasEdm, TCAGA APARH vt A4 oz w

@

transformation,

PN
TT

Eia o= 2} L& alx2 3. Cohen EM&
nonchromosomal antibiotics resistance factors] =t
%t transformation A 3|4 kanamycin A FA
donor DNA7} recipient celle] F<=33% oF 6057
Faz dg et sk, o] dsel vasd ®
Al A ALY £8A70] TCAZAL olart
Hia w2 APA A4S & Ao 24 o]& gene map:
A48 AA5 Az B E gtg e 2 AZs e, TCA g4 o]
24 TEs AR ol ol felm A,

E. coli®] transformations] glelA CaCl:9)
=% 47 915t CaClel %% weldled recipient
4l E. colr C6004 Xelgr A3 CaCl, 2+ 100mM
el 743 =& transformation frequencyd 1hehu]
9,1:1 100 mM o} Abell Al = FA 3] 3FA38le] 250 mModi| 4]

£ transformatione] ¥ = 0}9&4 Weston 5292 E.
coli C600-% recipient® st 3F5£4£CH)z A TA 7
NTP16 DNA & transformation A7 =] CaCly¢] 3
HEE7F 75~100mMojg s,z = o] $-E 100 mM
7tx18 ¥-& Ca**ione DNAs complex® =&z .
Aol AxAdZ F45%E AL 245145k 100 mMo] 4
2] Cat*ion 5o A+ recipient cells} 7 §}sl+= DN-
ase-resitant DNA9] F2 3 742 ql35ld transform--
ation frequencyr} #]s-zivtz 4l

heat shock¥ 42°Cell 4 4237 37, o 37°C
A A 637 A qk Ae] 28 tranfsormation freq-:
uency& x.grt. Mandel 5% heat shock: Ca*+ion
o] 2x%2 ZAGH E. colit 5] Z DNAE uptake
3 2 §l& competnet states SE3tE, Azt
ZA 35 DNA% heat shock®z q15}4] DNaseo] resist-
ance ¥ Az A ela g,

2.8t Nichol F19& heat shocksl ¢35t donor:
DNA7} DNaseell resistance®d ez A=A u
B E. colid] Azowhe] A o] ma] Aol 4 of Al AFo.
2 3}s o] competent statez T o 24 donor DNA
9] uptakes} £olsld A vlx s} e}. < heat shock.
+ recipient cello] Ca**ion Z&A]s}o] 4 phase trans-
itions] £j3}e} donor DNAE uptake & 4 9= &
WA 2 WEAslE Aom Adds. 42°Co| 4 heat
shock Ae]A] 4%-o]F e transformation frequencyz}-
FA35 Fadte AL £57) 37°C o|Fow Aidy
Axzake] KA o] mA 3 (immobilization) = A1}, A
=49 gel-phase lipide] oFo] £x9 of & wubol
A =xrte) §4-% A A phospholipide] 3%¢lst2 b4
19 A = golrh doiwtyl = Folzkam A=}, heat
shock A3 el 47 453 8l 304 ice incubationit

A%

— 46—



22 jce incubation 8}4 ¢-& W} ZFe| wuldle tran-
stgEd olE
Cohen £7¢] reaction mixtureZ 0°Cell 4] 60¥-7} ice

sformation frequencyr} 3~du] ZF7}

incubation ¥ 224 nonchromosomal antibiotics
resistance factor?] transformation frequency g 3~
12 FAAD 4 QGeHE A5kt fAsdeh. 2ol
ice incubation® 3}4] o}= transformation o] -}
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