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"for the discovery and development

of the green fluorescent protein, GFP"

.'E?; The Nobel Prize in Chemistry 2008
Osamu Shimomura, Martin Chalfie, Roger Y. Tsien
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Proc. Nat. Acad. Sei. USA
Vol. 69, No. 10, pp. 2004-2000, October 1972

Biochemical Method for Inserting New Genetic Information into DNA of
Simian Virus 40: Circular SV40 DNA Molecules Contmmng Lambda
Phage Genes and the Galactose 0peron of Es herichia coli

(molecular hybrids/DNA joining/viral t ion/ g fer)

DAVID A. JACKSON*, ROBERT H. SYMONS{, AND PAUL BERG
Department of Bi istry, Btanford University Medical Center, Stanford, California 94305

Contributed by Paul Berg, July 31, 1972

P roc. Nal. A d, Sei, USA
Vol @9, PP- 3385 3369, November 1972

Cleavage of Simian Virus 40 DNA at a Unique Site by a Bacterial
Restriction Enzyme
(DNA mapping/adenovirus=SV40 hybrid/T4 gene 32 protein/electron microscopy/double-strand cleavage

JOHN F. MORROW AND PAUL BERG
nt of Biochemistry, Stanford University Medical Center, Stanford, California 94305

Contributed by Paul Berg, August 16, 1972
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Asilomar Conference on Recombinant DNA

James Watson Sydney Brenner
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Venture capitalist: Robert A Swanson
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GREG A.FREYER
with DAVID A. CROTTY
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Proposed Molecular Mechanism of DNA Transformation of E. coli

L8
Lipid bilayer

(inner membrane)

= Peptidoglycan layer

= (periplasm)

Lipid bilayer

(outer membrane)

- |—_—LPhosphoIipids

Calcium ion

Cazt 172>

Calcium ions (++) complex with negatively charged oxygens (-) to shield DNA phosphates from phospholipids at the adhe-
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Transformation of Escherichia coli Made Competent
by Calcium Chloride Protocol

Created: Monday, 08 September 2008 o roR

Author ¢ Anh-Hue T. Tu ; MICROBIOLOGY
KEMEDNFS

--------- Many channels or zones of adhesions are formed by the fusion of the outer
membrane and the inner membrane through the cell wall layer. Although the
transformation mechanism is not known, previous studies indicate that these channels
allow for the transport of DNA molecules across the cell membrane (3, 15).
(BEERROEHEA EIHIN>TOENS, CNETOMEERITIEFY —> (zones of adhesions)
BEDFvo IV BLTI-DNAZD FDIEFEE (X)) ZRELTLND, )

The negative charges of the incoming DNA, however, are repelled by the negatively
charged portions of the macromolecules on the bacterium’s outer surface. The addition
of CaCl, serves to neutralize the unfavorable interactions between the DNA and the
polyanions of the outer layer. The DNA and competent cells are further incubated on
ice for thirty minutes to stabilize the lipid membrane and allow for increased
interactions between calcium ions and the negative components of the cell. The
reaction mixture is then exposed to a brief period of heat-shock at 420C. The change
in temperature alters the fluidity of the semi-crystalline membrane state achieved at
0°C thus allowing the DNA molecule to enter the cell through the zone of adhesion
CREZEICEYO CTHiGRREBIESHIEDREMEMNZEILL. DNARDFHEEFY —> ( zones of
adhesions )@ > THBHNICASZ LGS, )
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covalently closed circular DNA:
cccDNA

FAIRIKDNA. 5t ADNAELE L,
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Linear DNA
DNAR fREERICKY YIS IRIRM S
Bk &> -DNA (E 25K DNA)

Open circular DNA:ocDNA
FRADHEICZVINAVIRRERS=FF
BAIRIK &7 > 7=DNA (BAIRIKDNA)
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pBR322: Bolivar F et. al. Gene, 2, 95-113. (1977)
pBAD: Guzman LM et. al. J. Bacteriol., 177, 4121-4130. (1995)

: 3

pBR322
4.4 kbp

l...’



ToE/—ADRHE
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| (AraB) R b—R) 2 B4 [E] B
L—ribulose—> L-ribulose 5 phosphate —T> D-xylulose-5 phosphate

L-arabinose isomerase (AraA) L-ribulose 5-phosphate isomerase (AraD)
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v +DNA —“UINA \ 250 L
;qur‘.#._wsﬁﬁ) \
I R hrath 250 ul =
ﬁ[') AL bj— +DNA —Dr;LA
KEHE. TSASRDNAGMIL, TESLEITIKD B TIT,
ol | AP £ )
K12#% ™ 7 BRELI-EOD 100 pL Z7H—TL—MHEE
KEBHE (HB101) 1)L—T TN
(+DNA, -DNATF21—7) = | prps e
J : 4 4
-DNA O\ X _
N\ +DNA  -DNA
\i\ 100 pL
TSZIFDNA 1JL—7 . ,
(+DNAF2—T D#H) ¥ i e @j ,
212 sisiele

| BEOMICF1—T L THESHEE 3.
T xzBROavE. ] S
KIBHE. FSAINERYIRSIL, =

1:*1,Eq:ls ae TJI\%HH@%EEU &jkwqj—cs;_n b_d-:to o=
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TS5AXAZKDNA pGLOD#E &
SRAET 22 I\ EiEfaF(araC)

CIT]
EcoR V¥

, \
-

pGLO ——70E—4EE5 (PBAD)

5371 bp 4./

© Xho
Sac 1
\ EcoRlI ‘E —
T B4
Kpn 1
Xma 1
[

Hindlll

PUELULHIEEET ) .
(BS544<—=+ (beta lactamase) DiE{EF) TEXFAR2IR—D

pG LOTDSRAERDNADIE B - X X K55-60R—
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PGLOTSRIR D s

. y

amp’ tetr

PBR312 pBR313
il =) ~9.5 kbp [ E—

y pBAD araC
~4.5 kbp \
@\ BAD promoter
cDNA

GLO | e
ﬂ 54 kbp AN TFXARG2R—

pBR322: Bolivar F et al. Gene, 2, 95-113. (1977)
pBAD: Guzman LM et al. J. Bacteriol., 177, 4121-4130. (1995)

: 3

pBR322
4.4 kbp
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=1E{E (HAHSHAA)
S (MM SR~ )
2. BIZR#®ZzBHNEHEE
=B fFHIH

=R e BIGF
Heredity Gene



RERER BRI RE

+DNA +DNA —DNA —DNA
LB/amp/ LB/amp/ala LB/amp LB
| | | |
+DNA ~DNA
pGLOE A XRER pGLOKRE A EER
BinF 1 % EER

(#H#8 Z DNASEER) FEZAMGR—
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Pgap (7RE—4ES)) GFP4& v /x4 B FIE

\ B HIWXA v F
. M OFF
i O L-arabinose (ﬁd)%UﬁH)
i RNA polymerase
. (RNA & BB %)
‘i FHIRAA v F
— ON

(IEDHFIE)

THFRAR2TR—D
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1 B[]

2 B[]

485
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o B ER AT ER (S ASKDNA y g S F-YDao=—%)

250 uL LB broth

250 uL TF soln. (E. coli)
510 uL
10 uL pGLO soln. (0.8 ug

TJL—HMZBWVEEORE TJL—rYE=UDTSRIFE

~——100 e

20 ug/250 uL :1 /NA 7L

1903 ~ 3
0.16 1g _1,187_1.2x110 /ug

TSAZIRDNA 1 pug #fzYDan=—%%
TXAL6AR—T



Tz B8 E D TE
(AFAEICK DM B E DHETE)
250 uL TF soln. (E. coli) |

250 pL LB broth 510 pL
10 uL pGLO soln. —

|||*

= #CHI7E
Fa—TJHEH
STL—RNAEMERK

KMEERROOD=-_—%
TL—rRME#

=W EERiEE (%)

x100

THFAF63-65R—



| 389(H i
x10%: 3.6 x 10%& x104:3.9 x--‘IleIEI

'|I '|__ .

T B R SEE (%) =5.2 x 102/3.8 x 106 = 1.4 x 104 (0.014%)
TFEXRARBER—T




2-8°C (R =) 12:E
iﬁiﬂﬁﬁﬂﬁ% mE
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ARERDER

TXRAR30~36R—

B EEIR
TEXERARIIR—T  50R—T
TEXAR66~68R—
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Luria-Bertani (LB) medium
Lysogeny Broth medium

)Tk (Bacto-Tryptone) 1% (w/v)

B2 T & X (Yeast Extraxt) 0.5% (w/v)
g1k L (NaCl) 1% (w/v)

(NaOHIZT. pH 7.0[ZFRZ)

*LBIZ# 0D 4 #1 : Salvador Edward Luria (19694 /— RN IV EFSEEFESE ) NEED
Giuseppe BertanihVigRIE 77— DiEEL T1951 FEIZHHRE L T-1=Luria-Bertani&FE X

naZEbH 5, (THFAMGOR—)

Bertani G.: “Studies on lysogenesis. I. The mode of phage liberation by
lysogenic Echerichia coli.” J. Bacteriol. 62, 293-300 (1951)
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Lysogeny Broth medium

200 mML=A7>5X0

<« 7K 100 mL

<4— Bacto—tryptone (DIFCO) 10g

<— Yeast extract (DIFCO) 05¢g

<+ NaCl 10g
B

<+— 10 M NaOH 10 pL
l"“_ EXMEK 12¢
1B

A—hIL—T (121°C, 2053)

R

!

| LBEx izt




%E‘@i{ﬁz : n_tﬁ'% /I

KNGE
) § A C nn,\h)blzl_iﬁﬁZEiﬂﬁiﬁi&(”Bu”>250pL,,,\JJu
BEELI-IE. IR T 5,

JZ5AXZFDNAB®:60 yL/AFa—7 -25 )L—TTI1K
TSAINA R CRIEEZIEM) 20 ug/250 uL"Bu”
2-4fEFH IR EL20 ug/500-1,000 uL”Bu” THREIRELELY .
T5RAE hDNA,e,f?zli HEIZIL—TTERT 2LEND
Bf=H. ZLFRINTETRLEBT=N LN,

iz B 8n ¥ FR A % (Transformation buffer: ”Bu”)
0.8 mL/AFa—7

THFRARIIRN—D
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RAE—E—TL—rDEE (EEE)

ERfSEIRINOT
“Bu”(CaCl,) Ak

JL—r2mEICEELTEDLLEL,

THRARIBR—D



REA—B—TL—rDEE (ZERMEX)

Biotechnology Explorer Kit 1 pGLO /\2T VY 7@z FHEEEZ F vk
YZaAT7IILEBERNE (MA119 1512H —24071) —&

pGLO N7V TR FHEBRZFub
= | ZEERT
EEMISRF -RFFEITEL. RBEELUSDNYRNKIBWETLVLELT=.

THALD EBIZAYF—EfFITEL]=,

p.5, 67 XEEFEDFR—LR—CD URLEEELEL=,

p.13 FoEL U DEREREEX I ATILOLEEIZHEL 3 ml EEELELT-,

p.15 ENIZaF7IILOEBIZHL KBEROBEREE. LB IEHICL, />Fa2_—L3
UEMOTL—hOXEEOFEEAREETRLEL:,

p.17 A—E—TL—tOERHPOEHEFIBBLELT-.

p.19 a0=—%#95H%F 2~5 BELEL.

Biotechnology Explorer™
EERATFAL
Kit 1
pGLO N\ TUTEGEFHEBEZFYE
(1660003JEDU)

THFART0-72R—2
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HERATHRN FRERFLAF

Step?|; EBRD 24-36 EFRTICATVET, 1 EQIZJI;:I_?

1. RIFHEEIROME
I-a. KIGHE (B.coli 1IB101) D/3A T A2 250 pl 0> LB HithA 4 Ov ~y hCEBEMZ F9,
BREF L7 LB BEHM I B CRAFLE T,

250 pl

Q0 @

Lyophilized E. coli

1-b. ExRLTAAT NVEELGRLLTRMLET,
ISAT VA TCDAFa—E—|Z 8 BERRI X F9 (K 24 BRI ET),

AR KAFEOBRERICT LB EMEFEALTTZEN, 10 Fa_—2 a0 ORI 8 BrfEl &Y
BLTHRE—E—TL— 00 —FTEFTH, BREICE>TRE—8—TL—+nan
Z—DEORESHEDLYET . (.17 BB]), 2R9—4—TL—r~ORBEBRDE
L. IL—bLICKBRERRORREFDHTOU Y a0 —mEohd&3IcLT
1280y,

MERRNCHRRFL TOE A1, 2 72KEb ¥ A RNCMBEND L BRI L, SR

L
FEIRICELTBEET,
JLEE
2 EXP&
2. AZ—H—TF L —NIKIGH AT E <

L CHRBL = KIGE IR 8 fro“LB” 7L —MNIFEX, 371°CT 24 RFIZ S s U, #E7ed:lto
TOH#ET AL, BEEZEE | mm 07K SADan=—NEx TEET,

= N

2-a. 3TCITE W T e KIGE RO AT N EREIGFE L, T AL — 72T PICE A
NTREBROET, Vv R EAVELRO LN —T DRRICETROBEE RS ET,
N—TFDIERGERBIC DI DDE 1 KOTL—MIX LT 1 [BOATEYTT,

8 DAL — 4 —T VL — AR T DD, V—TIEFECHOEFEHLES,

AT LD FAR—LaVBRARNEEE. L—T ORICEEE LD EB/SEVEDHE, TL—b
CLITKBEBERBICEE DT THE. ABBAEATETIN—OTERVTL—IITETH, KIGE
OEEHBDHENTL—FCHEAIO=—HTE BYERE—I—TL— N EEFTEIENTEET,

2-b. DI, WOEDISNIN—F I EEFESETRALET,
WIZTL—b4 45° BERSHET 2 BIROBHELET, L—7 % 1 B BICBERSNIZRBHE
TRICERASETh D, B ST TRV BT D AR — 2T ENEE S TR LET,

BERATHAL BRERAAF

45° EESET 3~4 BILFEVOEMTET T ZEIZEY, Sy an=—E 85N HIREET
BARSNAINCHIEL £, 4 B B OB 1%, 7L —hOEENSEET,

2. [AFRIZLT, 3F 8 8 “LB” F'L—MIKBERIREZBMLET, | ADL—TTTL—h8
DBI AT TLIES, Fo, 2235 —2al ZPKCTD 1 D7 L —MNIBfR B o756,
FOWE, EHALHEZHDTIESN,

2-d. 8 DT L —NTEAI D e oT2b | T — M BHRLZL T 3TCOA L F o —F — |l —Biis %
F97, 24 BERTRTZIAE R CELIIREF A A F T, AT ERLET L, FDOHDIE
BRI E U RDIENHVET DO TITEELIZEN,

36 WFHEILL ERGH L 7e A2 — 2 —T L — N, TR EHA RIS D TR @< 220 £4 O T
LARWTLIZEWN, e, AF—F—TF L — e E R 2RI FEL RN TIEEN,

3. pGLO FFAIRIEIR DB
3a. FLOREE AL~y MAFE AL T 250 pl O R RYEIK FFEUK TH ) % pGLO /A7 /L
WA ET, BV LIZE v 712 DNA 35 L QAR ER L £,

FERDNA BV | ST T Ao TORNWEINZ R A 57,
BRI ARSI S T 5 TR FELET,

FEBROBE, W< OMITHEL TRAMLIZVIE G, BT 28 &% 500 pl ETHECTHIEHE
TY L 1720, TTAIROKIRE N L3255 | IWETENFEN LD TRHZEnHVET,

| F5RIF

MEGRAER
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FBRAPDE coli 0157%455°C. 5715 CHELUVC0CTHNRLELI-HOERDER

HE:THILERSLELSUICEEHMEXRBEOISTHIODEIZRET A 1 i i &
NEERE CEBRFRFFTKESRD 15

BEFBEEERRRERREMEEEZRR

BmREEME SRAEK(TER27F6A26H) EM LY
http://www.mhlw.go.jp/file/06-Seisakujouhou-11130500-Shokuhinanzenbu/0000090138.pdf
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@ | SEFEETILOOHBEMTE L,
(AHE . =2 L—7RREEV-EE, 70%TAI—LITLIRE

AETFERZ EWSOHEL N, BRRUBACLTH, RERAEER (Hob LHRRERT RS
BoTih. YEES. ) OMZCEARCAETFERZEMFEFFLT S OONMERT 2L,

XEEEE BRIERD F17Y11UAR o | EBasEoLTI. EBEFSEEEHIRRORTE. EURETER: ENSHMEL-LARESIS. &

EFERILWEETFELTOLLHOMBEMTEC L. (AEM: 7 0% T La—RITETHS)
Eﬁﬁﬁ Egﬁ%g EREORLTHALTE( L (RMEICMAY T SL2ERC. ) .

EREFOTHITOVTIR, BEROMAEH LG, MLTE(FSOLEIHEEMT S L.

SHEIRGETEETFHERI RRERET LS. MBI ONAKITAHD D | AR GBRERD OIS O E R BT 6X7 AR ERLY L)

B e 70, Sy T ABRISHTOELLER I, | e T SR B 2T e Sl ot
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MIDNA ™ N A16%2AOHLSATR(RETERALOERN
! i &) OMTISESEL, IR EhEL . ThilR.
: XEBEe - SHEENELLRETERA BB AT R
T ETERLEBSAND) TRHDL—LISEYRET

DoEMBEEGYFE L.

TR ERBETSEOIET <21 -1 b RRETOCLNGETHE LA LNET. £ RIRENRT 57415, RETHRT ENFO
BREMTITOAOREFHERARRC, B, TRORBFVMEERV-MEGLO
TL&I, COLIERBOFE . DILEA ot 1 ) Hi O 0
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