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1. [ZLHIT

SR 2 28R (R DNA J250) 22 O HICID ANDZEIE, AEN, ERAmL
FEW ki, AmEHRICB A EAM & THH T ILR S < (DNA—SRNA— XL /R B — 3K H],
) R AE F R BRI O A Z T S5ZE T AmBH T O B SICfitiy, BITESFEST2O OH)
BT L7272 59,

ZDTORFEO R TIL, BART-HAHL X FEERO R PR TR EA TR T 5100 Tl K
FERELEB L2 DAE R A B R T OB R ERO AN 2B 2 07, SOITEETED LN BIE T
FAH 2 EBR D2 2 PR IEM LR T EIC O W THIRET BN EN DD,

AHHE TIE, i TR 2 RO B A L2 REORKE TIL M b T D i E
#4”Bio—Rad Explorer (IH4 # : Biotechnology Explorer)” (Bio—Rad laboratories) % i\, #H#a %
DNA 43F%& W2 KB O TE B A I 5k GBS A HR % J2BR) 2 9§ 2, E7- RBRAE R
T, EROL LB, BERW I 1L D ONCEIR FIEIZOWTH BT 5, RERIT, NEE
TR % A % O DRI XD O ZARMEMECR IZB 3 D1 I B S THE H rvid
B2 SEBR ) ThHDH, T, 2002 FEGT SGHRFEE DLz DNA 28R # ) CIdl & H
ARE#L 2 DNA F28R | HLES NI DO TH D,

”Bio—Rad Explorer”{Zi%, 328 FFAIE, SR EIEMND T 50 43 B CRENTEHIIITHE
MTH AL AEFER T F AR, MR T ANR E O E R LB RGN R TEHEEN TN D, ZOF
v N, AT T T (Aequorea victoria) \ 2 & EXDRKEE G4 737 E[Green Fluorescent Protein
(GFP)]DIBEAE & KIGE ~EATHZETHROIRB R AFR T 5 IR Th D, BARRIIZIZ GFP
DB H, KBEE T TAIRO T mE—4%— (PBAD) FIICHLAAATEFHHL X 77 AIR DNA
(pGLO) Z KM E K12 (HB101) #RISE AU EEE T 5, IRICE BRI NZ RIGE AN T,
GFP Bin1ZHBLSHE, GFP XU RV EEELRD, I TH RV ERHEBSNIZ0E9ME,
ZORBGENZERS R Y THOGIZ IR 32, Bin FREAMSICSHER T nEe—2— 3778
S —=AFRarO7 e —F—ESE O TWATEO R IIC T I8 ) — 22 RINT 2050 Cilin
TREFHI AN TED,

ZOFy ML, ERICHELRIE- B - TXAMIEENRITELOTHDHN, KBS E
ERAHNLCTHHEIL, T a2l A0 TR ZTORETAEMEIMEZZ D0 E WL,
RHEDOTNO P THRAS MR EHRA A IEH T 22N RETHS,

ATXANT, O aba— ERERHORALNIDD TR 2BERERLVICSEE
B Z <AL THS,

EERE TR KT F AN OHBIEBO eI THD,

2021 -8 H 19 H
KB
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1. [ZLHIZ p. 3

&
o

i HBTE b6

3. BIn FHBLHEHH p. 7-12
3-1. BIsFHBITONT
3-2. KENZB T DA HAMTEPEFE DI R LB HE
3-3. BInF#HHH ¥~ Bio-Rad Explorer”

UL T4~713 528 ICEREBR 4 D H H THD,
4. Bio—Rad Explorer 7% Ab&x AW H O p. 12-14
4-1. TR BRI S M (R 3 el
4-2. AR ROV T O L F2H - 1 (50 47 x4=+)

5. #E BB IR TR X FEEROTE m L Tiaak  p. 14-30

5-1. Ba 7 Ly O E AT

5-2. DNA Ok

5-3. B IIVR T~ laRk v #E

5-4. fi#z DNA S5k

5-5. il RS L HfEEE R

5-6. Green Fluorescent Protein (GFP) &iX

5-7. 7*ZAIR pGLO D

5-8. 7>V (Ampicillin) & B 9274 ~-F (B lactamase)

5-9. pGLO 7*Z7AIRN DNA B AKIGEIZI T2 I E OB

5-10. 77t/ —A%_ur L a1 R SR

5-11. 7o E—X—{lF| L8 {n TR B

5-12. RIGE~OBIsFEA

5-13. #E HWE R 72 S2BRIC S hE 1B L TOEE A
6. EBROUE(H  p. 30-36

6-1. v hDiEA

6-2. g B Ui, 3K - 7L — b Y

6-3. R O Ui



7. Bin A FEER OB ERA#L)  p. 37-50
7-1. EBRBHAR O FIA
7-2. FEERITE
7-3. FEBROFA Lk
7-4. FEBFEROFLD
7-5. FEDODHRA R
7-6. FEERAE R
7-7. FEERIE T 1R DBEREY AL

8. EDIHefREAB /2O p. 51-52

9. Z2EMFE  p.53-55
9-1. FEBRITHILOA
9-2. KIE & FE PR FHFE
9-3. B URL

10. ZEF &R p. 55-69
10-1. 7*ZAIR pGLO DA IR A &8 An1- D& /7 E RS
10-2. pGLO 7*ZAIR DNA DL
10-3. JEE AN =M E DM BRI DN T
10-4. Luria—Berterni (LB) ¥ #1788 5%
10-5. A —hr7L—7 LIS DU E 7 1
10-6. f#az DNA FEBRICBIT DA BRIEL XL T8
10-7. FEBRIZHWDKIZOWNT



1. KEICBIT DB H#E
2. TR 2 2RO SR N RR
3. Z(E H BB n AR FEER I 0D B

WS/ 8
O % BRIEO=Y
O EBRBRIEOER R
[1“Bio—Rad Explorer Kits” 73+ A~ i )5 1%
ES-F
L. KIGE~D GFP @i+ DF AL E
O =B B AR D Ui
ZUR/EX 7,
2HH
HE L
BT — 2 D FLD B LE

2. ;'%Eﬁ@ﬁﬁﬁﬁ&
OV FEBRIZ B B - 25 B o i
(I 8% Hit - 3K D HE i
O 32Br & D (i
3. BESEMAER Tk
OffE HL7=88 B - 7L — O A
4. BARFHEREO TN 1k

»g

1. B B8l 52
Oan=—0#5
OSSR Z XD GPFP FBLieRR
Oamn=—%KOHlE

2. T8 /=A% GFP s - BLER
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Kv}l—'l:‘
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3. BB TUT TV —HE LBEEM
3-1. BT I7V—HE P zonT

BARTUT T —HE LIL, ERE B DR EICIVEGRI AR T 2RO HfE A2 T 8F
ThD, EMPHFALENE X ZDBInF L T DREIRE DA T 7 /ar—d, At D
BAEHINTTH D, B FHABA FZRZ T T/ MBI R ORET, ZNDbORFE LA DHE N
N AN AR~ DB AR 97130 Tl B - 7L e EDAT 47 il Ul AR A 2B
THRFEZHAZRL, BOEBRETLDOTROVT T — 2R T 572126 HTh o,
Ltk BAGFIT 7L —HEOBEEMIT, 14 mE->TLD,
QAR A~ OB BE (P18 - 5 %52
FEWO LIT T ERA AT EWI AL BIR AR BF
Q@FEBRA WML TERELLHE
SRZ WSRO A TT | E 1A, 7 — 2D R IGaE O FEERE 27 5H8F
(RS S CORIRAE L E £1D, )
@MROVT T —5BER T D E
NAFT 7 /0y — B n - LA AN T B LREMa b B | Bin T SN0 L
I ICIVES IR ER L OZ FICOWTH Y TEERE TEXH20DYT T — %
R 8E BRIVT I — Blnt/ 7 /L) T T —)
@ R P 2 EE
B OHPIL ANV E B R TS
K[E D Advanced placement (AP)
HADAZ— = A T2 ANA A7 — )L (SSH) 722
A e BB 770 — BB ICEDLIEbHD,
<BE >
(1) Oto M, Ono M, Kamada H.: Gene literacy education in Japan. ~Fostering public
understanding through practice of hands—on laboratory activities in high schools~ Plant
Biotechnology 23, 339-346 (2006)

Q) Kk V77— L TCOBBTHBEONERTFHELKEICK T EM ] (4T 7=
Ty 13, 27-35 (2005)

3-2. KENZBI DA AEEDOR BB LT HE

BIRTPIT IV —BEEEZD LT MBI R AT ay — et EThH LT A G RE
ORI DN D, KE T, IR - FEEICB T 2EMELN T AT 7 /ay— D%
JBICHEOWBIR TV T 73— B KT 2 NS C& Tz, ZOREREL T, AP0 BIE
R OB DS P EERE A R TR ENBIED T TRYT TV —L L CORREE N F
BB IR ANDILTE Iz, ZOIIBREE T BN AEMBEBIED K7 RFEBE~D



HEFOWFIEE - HIE ~ OB LEFEOHHIEND TR, Ba FER - SAFPEE~OT RPEAE
(Public understanding) . T B8 5- (Public engagement) Z{E 4 B AR T 5, T2 T, F<b
BARTHE IR TODRE DO FFINONAFT 7 /0y —DFREEZ U FIR BB
IIA FN T B An 208 OIE L& Wked THD,

3-2-1 BT LAH oA L PEZE DI R

1970 AEARAFIFADFHE 2. DNA EBR BT OIS EIEE TONRA A T O R Z kD THD,
D1970-1980 4EHTY: (/—=7 «DNA o —27 T3 0 7 DR

BAR TR Bl 2 O LTS BA S 1 LR #SL L 20807 n—=vr3nbke
HIZ, NAFFEEA~OEANBIAS AW RIF DS B AR B Bl CAEFESNIADTZ, Fo,
B T-HH 2 VEW[genetically modified (GM) cropl DAFFE MG E T,

©@1980 FFER%H: (Fr— AL s FOFIH & PCRIEIZED DNA fiftr DRAR)

G TR HAITIE230 T7e< PCR X° DNA ¥ —27 v 7% Rl E LT AT HAR O 1 1 L
Y DNA #7E | BixF2Wr Bin IR~ DI e E o7,

@1990 4EAX (MR R ALER (High throughput : HT) {bAZ L A8 FEHOSEAT DO BRAL)

DNA =7 2 AT T R 2 Bl U 7o KBRS DRAT H AN DS T L < D AEMITES
FoT LT a2 IR, Fi2, BE R AEY - B O AL ST, @2000~
(ome F7=1% omics DHFX)

IT DTS A A T 4~ T 47 ALV R AR E O RAECH BAE AT ~bhb
JOTAeoTz, 2005 DWW —7 2 —DBIGIE, 772 DNA FENTIED 0 ClaHiflaN T
HREX372 RNA 2R CTHAHNT A7 U7 ~— A (transcriptome) D E BFENTHINE L=, SHIZ, F
R RIERRTHHTaT 4 — A (proteome) . FIILAN I EY 2RO AX R T — A
(metabolome) 72 & & MAFENIZFRAT L CREONIZ IR 72T — 2 H O TAEMEY AT LAELTIEX

DRI (AT BEWE) e SR | MR RO FTT- R BB b E ST,

DI, 1970 FARLARE, WSRO H 5 M DM F 2 R T T2 AW F- DR EF
TEIo, 2O OEEITFFIRL, 1980 LD KIE S AT DB s 2E OO

FDIEED | B F- DR NS 2 T2 FAL O FIZHIAL D LW BRIED Y A3 oT-, ZOHBF O
WEATIT, K- SR OEEE RO K E 2L TIOR3 H 72,

3-2-2 KEBESAL TOBG T HE OBV A

D1980 -~ : E DLW F L FAE S TONAFPESE O IR E 2

BRIV F 2T AOEYF LB TONRAAT 7 /0y —OMCHHX v 7 DIFEE i
BEUE S TE, EmBl ez BEET A — Bt NE2D A

ETONIKTDEVT T —LLTCORAA T /0P —BE /B BEOLEEND it
DX v T MO DT D DF I X 2T LEAEAI LT DHGEN , AT PFEENBRBLI- AT 4V
=TT EDERBE DT OLEORINZIAELT,




@1985 T4 REFHITEE LR ARSI DL F DY F 27 LD RE

KETIE, B EHENEFRERREEFIHL CRFE TN — =0 TR Z T DR NS 4 5D, 0

FORP—= 7 OHT Stanford KRFRE TR, BRABDOBGFAB N —=0 7 WiaEoT,

BT, @ F D advanced placement (AP)7 B2 7 MIBIR BB DI Abiiz,

IO —=0 7 OHT, @l RKFEE LR 3 L D28 (PEF 2L [ OFEIE) 23b 7T,

KT R E I A L OB E P L AOND KFEOHF T, MREE DR —=0 71220

EOWH B RLNT,

1980 FFARILH2: WU F =T LBAFE

PNAF AN OF IR EEIE T HE L, AMBHEORIRLZ I SN IR OHERE X T H O

il | LD RRFROH EIBART-EE OB VF 2T AR LE OB A MEtES ik 72,

@1990 4 EFRZ 5 Tl In B8 OHEE

HID“DNA SCIENCE” R ENTER S IV, Fo, BERMEDHEND DN TWDEM 2= W= HE

H O/ Z DNA EBR T, AL H BIESIE NIH WA R T A L EER ThDHE OB T, 5

B o BB S HEtES

®1995 4F

DNA SCIENCE 73”National Science Education Standards” (2 #8#;

Z O Standard |%. HARDFEEHL BV HARTAL Thb, ZDT-HHEI1EZD Standard 5

BLUER % R A ER U B O FEAEBL TV,

FERUT AW F AR RS EUE RSN TE 72, DNA 28 OFE AREIATN TVDE, AP 7

07T LRHGEDOT X AR E BB D,

Bio—Rad laboratories 238151208 20843~ 1’ Biotechnology Explorer system (Stanford Univ.

FL[FIBHF) AR L B RROBGGER A, (AA&HIZRIRTEIX 1997 HLIRE)
COIDKRETOBRISFHEB OFREITIL, @ (GREBE) . K7, ABRFELOBEENTEDHHE

MR oT, 2O, ERAICKT T HRF: - RETORR A RHE T 17T A T TV,

3-2-3 KEOBEMETHE (K7 ) F4
(DBay area biotechnology education consortium (BABEC) :http://www.babec.org/
P27 T AE R DR AR @ E R BE ., R TY — 7 ay 7 i,




BABEC i< honored to be named as..
2014 PANTHEON - Biotechnology Ed

@ University of Illinois College of Medicine at Rockford

Thermo Fisher Scientific #t: (IH : Pierce Biotechnology) $:[FCHFADA L Z—1 o Talss
L% 1992 LD EML THD, BIRAEZFAL T, SN KT - B3EIT T, FRFPAITMREIC
TALH = ELUTIFIEICIEE 5, 3 7 A O RE R EENFEEL T BHFELRETD,

T, ¥ KRFMEET —~ OIS, FIZIX, Ty EAEDORRSE - B GOW R
EHIRA 3 7 H CEIETELONE ThD, I COME ThDT20D | A FLAET, AFIEOHTHL
PE(10%) . FEBRNAR DR Ll im D 2% GRS 1R DR (50%) . LB T —ialhed) (40%) T

Do, FAERIT, RFPHE REMIEHEREBHETD,

2014

SUMMER
SCIENCE FORUM

Sponsored by

Thermo Fisher Scientific, Inc.

at Rockford

University of lllinois
College of Medicine

<BEIH>

KEEESR : KENCBT2EENAMBIFHEO @REDA LA — vy T Tas T b~ AF
TI =y (B ARNA T HATH

of Medicine
At Rockford

Meet Our
2014
SUMMER SCIENCE
INTERNS

2R A
H ¥ == o

ERE>KRE-E
REE=>0%

) 23, No. 2, 44-55 (2015)
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3-3. KEDBIEHEHH “Bio-Rad Explorer program”

B FHEER T DR B BARBIIRERAHELRD, TAVDERETIL, 2<0BIEFH
BHEMPTRENTND, ZOF T, ZLDOFFEELDLE WY =7 -2H D EH23, "Bio-Rad
Explorer program (IH : Biotechnology Explorer program)” (Bio—Rad Laboratories #L#L5) TH b,
ZOFyMI T EMTFMRICEADLZ<OFERTFIE (K DG ENT, KKLRSNAER T
BD, ZOHBHIL, Stanford RFEDEKREBEBT 1T 7 LEBEI, SLRAKEE TH T Bio-
Rad Laboratories @ Ron Mardigian KB EM L L7270 T L THD, W< OR T KED
advanced placement (AP)7'07 T AIZXFILL TUWND, v ME, 323K -3 A ST i30T
22 EEERZERL TODYF 2T KL EMRONIAEN ~ =27 b | PR FERERR O [
BREEN TN,

“Bio—Rad Explorer ™ program”
B dRi GBS 1-FHH 2 5287) . pGLO™ Bacterial Transformation kit
FEHLH B DR GE{s /82 528%) ©  Green Fluorescent Protein Chromatography kit
ra—=27 (§0#tx DNA 28%) : Secrets of the Rainforest kit
Ja—=2775 DNA —2 3% :Cloning and Sequencing Explorer Series
BB LD DNA f#HT : Lamda DNA kits
PCR: Real-Time PCR kit
DNA #7€: Forensic DNA Fingerprinting kit
PCR & DNA #7F: PV92 PCR Informtics kit, Crime Scene Investigator PCR Basics ™ kit
7L A Size Exclusion Chromatography
B oSG RRNT (B 3D TE ) : Got Protein?™ kit
2 XD E RN (BER VKB, VA&7 vy T 7)) : Comparative Proteomics kit 1, 11
v/ 2 DNA filitt: Genes in a Bottle™ kit
FHE (k%% ELISA Immuno Explorer™ kit
BEE 2 /EY (GMO) : GMO investigator ™ kit
AW EEEE - Microbe and health kit,
fi# 3% F2 B : Biofuel Enzyme kit
(D EM:: C. elegance behavior kit CKEND Z3E5E) ]
[t& ik : Photosynthesis and Cellular Respiratory kit CKERN D A3E5E) ]
(77 54 - Out of the blue CRISPR kit CKEIN D AF85¢) ]
[COVID-19 ##4 : COVID-19 Teaching Resources]
P ERF VIR ZOERE G BBIMSNLZENHD,

Bio—Rad Explorer URL: http://explorer.bio-rad.com

11



(a577a-=7)

Genes in a Bottle Kit Cloning and Sequencing Explorer Series
Secrets of the Rainforest kit
BAEFRRAT m—— =
_ | EETFHEBIER
DNA Fingerprinting kit

PVO2 PCR | Informatics kit pGLO™ Bacterial Transformation kit

Crime Scene Investigator PCR Basics ™ kit
GMO investigator ™ kit

Lambda DNA kit [ﬁﬁ%%ﬁ@‘/n"og J

Green Fluorescent Protein Chromatography Kit

\svvamst | [ Honm% )

Got Protein?™ kit Out of the blur CRISPR Kit
Comparative Proteomics kit L IT Out of the blue and genotyping extension Kit
ELISA Immuno Explorer™ kit >
Size Exclusion Chromatography kit STEM&E &
| COVID-19 ##f | IDEA Ki i
STEM Electrophoresis Kit

COVID -19 Teaching Resources

M1 BnF LR BRI 2 8E Bbr % o b

Ay NI, AR L -0+ A TR (KR CE L IO ISR ST D,

STEM: Science, Technology, Engineering & Mathematics (B2, T2, Hifff, $%%)

BB HEHM Y Ml 3 228C EERER CXD, ZNHOF Y NIKED AP 71r/'7
LHCRHEIENTODT20 | EREONA2E A ARKDBREIZES DRV A bHD, AATH
M DB BEBHDBEATOWNEIE T HE2F Y O FZERZ I IAT LB DD,
RSB HE Y MWD A DAy Mz T TRD,

1. BERRIK-BRENE TN TND, 2. BHRBIETIE TED, 3. RO~
R 22l T o, 4. FE BEEE HHICHRE TED,

ZAHHE Tl Bio—Rad Explorer “pGLO™ Bacterial Transformation kit” % F\W\\/= 1 &5
WEREIT), UTFA~TIEICIE, XohNA, EROMSR-FE ERIER. 28
%, BEEMELZ R,

4. Bio-Rad Explorer ¥ M FiV 2 EBEE it &

“pGLO™ Bacterial Transformation kit” (pGLO 77U 7Bz XN 2 W -#E B
MBS AR Z SR DTN EZ E LD THD,

pGLO 7TV 7 & nT-#H#a% 3~ : BioRad Explorer Kit 1 (412 No.166-0003JEDU)

3% : Bio-Rad laboratories http://www.bio-rad.com, H A TORTE: /AA+FwR FRTR— (k) (2

F LFEFETpGLO N7 7 U7 BAR TR 6 M IR SN T DI I S D E RO L T, LanL., Flfto
FAFIITERLELTINDZENDHDT2D | Ty MEAREDOL D THEFRT2LERH D,

20 B4 AARAAA TR TRIR — R 4E (2007 45 5 A ET)

12



4-1. BB AR S Y R 3 RF[#])

B IART 2 HISRIE - B OYERRD NI AN A ~ =27 L Y E T OMERETT,
FEAER~=2T L

D FE DAIE - 25 HLYEf

WL - e B —5a | FEERBAAGAT O YEf — B

FE KT — b (BEA) | A¥—4—T7L— O YE(i « IR

Q15 AR B BRI PR - B EH RIS OV Chlfag - RO A L M2
AR S e ik

ZOX v NEHTHIZHT>TORA R

HEEH~=a2T7 VOMBEEE 2 GeAR)

SeA A EBRBMER B BRI VA7 AR |12 EFR O EERO SR BEHEIZHED 5,

RN A AFT 7 /8y —0OREH | B: 20Xy M TLOHFEOMETL, C: 75 AEW oI
MELHEE. D FBLHE, E: 25 300K, F 205 H AR s 7 2RI 1T o1 97
EEH~=2T 1

Lesson Z Lfifan - #AE 7 14 0 RE CHRER S LTV D,

Lesson 1 Bfn /L ZIZOWT, B

Lesson 2 JBfsfi8 AZEER, HEH

Lesson 3 7 —XDNELSHT, B

=4
Lesson 4 #£%%

4-2. BAR BN OV T O L EH - 15 (50 4y x4=2~)
FAIZBITHEMNEDOE S & RT,

122~ H (Lesson 1) ti#fn IR Z 2OV T GE#)

TRLO b HHZRKVIAAT R,

#A#LZ DNA FEBRE B (15 £ -~ —)

FA#LZ DNA FEBRO BRI (SEBR =R - PR B 7 15)
FEBRORKE R 1A

AR IIE B M VR 2 < (DNASRNAYZ L R BT E)
FBFAFH O (T e —— FEEA)

221~ H (Lesson 2) : i8{s -8 AFEER (3285)

pGLO IZXDIPH it - B2 2179,

SECHCRCNGC]

32~ H (Lesson 3) : T — X DINELHHT (HE)

13



an=—OF %, BRIV A BERAFH O A E S 2D, (ETERIZHT)

4= H (Lesson 4) : BE (JEE)

i A L 95 L& I E IR R [ E LRl 92, (8 &BIoHT)
22TV g - T35 ) - TR L

e NSO — BT AL ORE

FH D RICIV AN F LN L FEBRITERL CHLRHE

BB S B LN T A A1y L ar LRI DS 5173

5. EBROWE 5 & T Ak
5-1. Bin - LpLEEHOAES T

ZTHELBE T LT, RERBLIZOTHAI?

MBS OMBE, 20 HEACHTH-TITHI  AHRRL ~ L TIT7edodu, Al - Ml E o Be a0z Y
BREDFELI ANSONTZ, ZD%, MIILN THREZ BT L QDXL SV (BER, RVEY,
FEIWE) SR 2R ARSI DS MBANICAFTE T 22 B OFEFIL, BT D
85 L%< HIZ 20 FEHO T/ RICINZ LOEMER SRR E 2 TE RS D728 | 20 /"B DfEMT
%, WA D 7=, F7o, 2o VB ORI L > TE, FEEND S A RN R #7et
DbdoTz, ZOT | X 7B HEEZRD T O TiH e, DNAZEOHL, o 7B O i
FFORRFZ BT 20503 B 5 LB 2 DT, BAR T A BT BRFE S T2 1970 4ERD D,
B RTFIE I T BB Doy a—= T IS AT I B IH e o Tz, £ D%, DNA
FEAT EIT-CHEER DR IO BT B, ZOAEMD S DB s FRiA & e /2 DNA RS %
WETHEHE (T /270y 78 BilER | [HFRCHLIBE FEAMEMENIC AL ENTELIDITR
S>TE=(X2),

DI, BE T TEAE, BEREE R DXL RV FRAT OITIE (Z2RE 1) L TH L ™I DG H
ELOBG T E/a—= T BIOWNTICERKLZ, —J7. DNA T EIR1E, I BIfRLI- i
{5 F DI T« SIRUFAT I KDL F 2 W2 DNA LT SHAFAE T DR IR LEH 450 3 LK
TERLINTLRYT DNA FENT 2R LI IEE LSBT D E AN E 72 82O Tk B IR FEANRY
FZRHSN TS,

14



A - R D Hs B AT (AR )
MR EEZ AL TLNB A N BT (A0 8 k)
ér%@w@ﬁﬁ@*ﬁtilﬂ%ﬁ: 1950-604F 1t

AU IROBE DIEREROBETORAT GBETFTE)
FIL—DToo 05 TORIVIERELTOEN
1980;_9{)&1&

B8 E QBRI (TOFA— L 82/ SO ERRHR)
’5!>/J\°{JEF‘EEI$EE1’EJ%E$E 20004 ~

SRR - S DR (T /— L S R T L E LT DHRE)
FORILOSTF O BIEEERIT A~

M2 AR rOR RS T TEOMEN T
R MR RDERDE, 59 FL AL NEBAT LI, 20 E ORI~ D BITHA T T L DRIAT- 0
yr—=27 DNA =0T BT WS — 7 B S P AR A A— 0 7 B KO RBTRAOI AR D A A

5 F DRI T = F_R—= IS SRR E T AT DEL TR AD T~ A TV,

B LFERII FFEOBIEF/u— 2086 Fr/rn—=07  Ghhicrn—AbiE
(GA O 5 8, FIE n - DOZ B - ZRUENT, DNA O IEELS 2P Dl
BTN 3805 (K3) . ZVHDOEBRDHIE | WD TR X ZER (X DNA SEER) L
IENDLDNE, Bla7u—= 77 b NIBIn FEAFERTHD,

Bio—-Rad Explorer > hTld, AV 777 & FNDHH8 A 737 (green fluorescent
protein: GFP) D& {x % KW DO 7wt —4—Eld%2H DT Z— (T AAA AT AL Z DNA 53
T2 RIGEICEALRIGEEZEEEHR T 5, ZOBR, SBHICRIFEMELZMAHZLTIOR
IHEE N T GFP 2338 BLL T 2L A S5 IRATIZ LD GFP ORI KRR+ 2.

ZOF v M FIWAZ3ETUL, BRFHMR 2 FEBR O BB E 7 1k ERA i 5B DX ED
Tl XS (2 e — L FEER) LI LA KRR ORE FRHm 1k, s TR B R
K7 BB O AT EERIAS S IENTED,

15



EizFyO—=249
EIZF 547 5')— (cDNA library) DR
SRV SR EREETFOI/E—AE

4 4

EIZFEA

$Joa0—=245

CREES (8T 5

—RBIINVEDRR

0ol

BinFEMT GEEES-£R/ ST
DNA/RNA# i —PCRIZIE—~E QUK BIARAT
—V—=9IVIVY

M3 BETF LFEROLMKE

BRFTRERIT, B fre—=7 BN ~OBEFEALB G, BiaFricsTonsg,

5-2. DNA Ot#is

DNA I, THFLUR—REVIBEILT T =0 (A) . 7T =0 (G) &R (C), FI (D) &)
ATEH DA BEIE R N BB LI XL A F RNV AT S A LT &S+ Th b,
Z AT DY O H DN BB RE TR TWND, ZOT- D IO U7 R HEALS) 28 (s
FEWVHZELHD,

I TAEEIZ X LA TR OB A (X4) ThDHT-0 | BRI EE LD B2
BARITLSTWFLE D DD, 2EOLHADERIZ Y To>TE, S FRICHD O L H EIEN
& H ORI TREEBANERSND, TOMER, G L C OKFEMEIA), AL T OKEHE 2 A)
D, X Llp o THREG T2 GRRANC TR R (K 1)), ZZTIIKRFE/-EDN3EDHD GC OF &I
DNA2 EHHA DL E(IZE 5L TERY, DNA Z#) EROMEEICL-> T GC & EICERT
TG EREHD, — . D EBIEF AR P TYAFTRAF v — (B VT 57295, DNA
ZorBE - T AERICIE, EXKEINE R THD,
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P ¢ ]
ROVAFAFR

i i
/é,,q CH, Gy, _H
T [ NT YT C
!: : L €
0 SN ™ 07 TN N—H
Py
W mow W H oem KRS
Ho _N_ _N N _N_ O
~o o N g \Ic/ \|C~
| |
N 0 NG
A e il
N Ne C-';-'"
N i

[X]4 DNA O
DNA 12 BHZ B END C(R3) OF BT LD F AT BTG, ZHuL, Vo EEAEAGL TS 5° Hifk OH EATFETS

3’ 6 Td D, DNA IE DNA Dfe/NX7LAF REANT% 1 base pair (bp: HEEExHEW, 5 2 nm TEEA39 0.3 nm TH D,

5-3. BV R T wlaR &

BETERIZ, DNA 75 RNA ([ZERESH, 2 7 BICRIERENS, ZOifiudlL hay AL A%
PR TOEMIZILE Th D, ZOFAUTTH > T, BARE RITFEREEZ D DXL RV E~MaN T
TEBN TV (M5),
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1%k DNA

ATCACCGAATATAMACCTCCTCCTCCTGGCCGCCCTCGET

TACTGCCTTATATTCGACCACCACCACCCGCGGCAGCCA

+

%5 (transcription)

mRN A 5 AUCGACCGCAAIAURAACCUGCCUGCCUGGUGGGCGCCCUCGCU 3
‘ R (translation)
Lage, N Met Thr Glu Tyr Lys Leu Val Val Val Oly Ala Val Ol ~noy
b RE o
RINOE
Ras A 0E GFP ASOED
muw: 21 kDa(189aa)  m.w.: 27 kDa{238 aa) maw.: 17.8 kDa{153 aa)

X5 EURIILRT <=

DNA FIZ#Hi> TOWAEEE#IL. RNA RUAT—PI2LY RNA ITEEHEEND

1271 (U) h 5 Tvd, RNA 23HUR Y — 4 ETH

o ——

T RNA b ENEFRESI 5377203, T OR3PV
RAMTONT I BHEAREL CH T EMEBND, 7ot Zo /30 BIT

T EENE IR STz m@ sy (1 PR 23, 07 TeEN (T — T 0 7 S EEE R TS %, IR DX I BT 57 4

71X, wikipedia SV 51 H,

BmE BIIEE BZIEE
u c A G

Phe Ser Tyr Cys u

U Phe Ser Tyr Cys C
Leu Ser Stop Stop A

Leu Ser Stop Trp G

Leu Pro His Arg U

C Leu Pro His Arg C
Leu Pro Glin Arg A

Leu Pro Gin Arg G

lle Thr Asn Ser u

A lle Thr Asn Ser C
lle Thr Lys Arg A

Met Thr Lys Arg G

Val Ala Asp Gly u

G Val Ala Asp Gly C
Val Ala Glu Gly A

Val Ala Glu Gly G

K1 aRrx

DNA OHEIEFIHI (A, G, C, T)1X 3 HHA 1 AL (=RY) ELTRNA [ZERBESN-% ., 7I/BRICHIRESNS, 2k #iT, 2

OBER Bt R ThD, (AR ETIL, RNA TRLTWAEOH T AGCU TRENTWD, ) ZOaRy £, EANICIE

ETOAEMITH LB THD,
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5-4. {5 THAMR % FEER GRAHA X DNA FEER)

B2 D KD DNA 27T AIR DNA 728 DO_7 4 —DNA [T &S W 7= T# 2. DNA 73 |
RIS AT D ETHT-REE NI A DT AR END, ZOLSIZHE#LZ DNA 431
Z T2 R 2 R 3 2 A TR R A 2 J2BRh) L), 22 CRIBEA AR
BEZCHD, £, cDNA T4 7TV —Dru—rnbEF) DNA ZHIRESRICCYIV 9, —J
T IAIR72E DR Z—DNA b IRIUHIREESR TUIKrL 7212, B DNA &% —DNA A5
F# (DNA UH—B) I CGHEFET D, 205 12 TR 2. DNA 431180, 2Oz DNA 4y 1%
18 EAIIE (ZZCIXRIGE) (2B AT 52T, [H#i2 DNA 4517158 SN T 5, U4 —
DNA O7'aE—4—fIKO T iiica R O HEESZ bt TH BB FE2fAiatel, 15 E
D& RTE AR FRE O TCEASNIZ BTG HRIIES TR 2 RTE A S ND,
ZORER. AN TH AT A RSN T2 78 2 2 37 8) IZ X KGO E 13 21
T OO IBE LD, (2 TRIGHEITHM CTh o726 Tl (B R) =8k THD, )

fZ iz CEIn P2 ERDTEDRHRIT. R TOEMITB W TEE 1L 4 FEOE L
FF> DNA THERRSICTRY, ARSI T/ BOFEO MR (2R R) bAEMFEL B2 THRAR
FIZIE, B THHZLITL A,

LN ER s EH#IDNA (cDNA)
p—————
S | mimmnt

7°EI:E—9'—\‘ § HREEHE  T—

' ' l DNAUS —+ GEf#EEER)

I2&BERRIE
L)
2 ﬁﬁr\?ﬁ

$HHZ DNASF

X6 KIGEZEFEEL-#z DNA FEB

74 —DNA GEIEFOEWRE) LLTFTAIN DNA %, [HFEEL TRIGBEEZ WS EE /L TWD,
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5-5. il PRIE SR Lo SR

il ES

DNA Z G958 5% (DNA 73 fifl#3% © DNase) (213, DNA SO a4 2= FX7L 7
—<¥ (endonuclease) & DNA $HOKImENOLUIWT 5% X717 —+E€ (exonuclease) 03d5, =
VRXOLT—EDHG | FEE O FERLS 2R L . ZOFRALA R A U3 DEE SR A (R R
(restriction endonuclease) &) (IX17), il [REESR X, BIEETIT 1,000 FEFELL B3 LS4,

100 FE¥E LA B A— D= B HilRESNTUD,

5GAATTC3
EcoRlI . li—‘ :
(Escherichia coli.) SCTTANGS
BamHI 5GIGATCC3
(Bacillus amyloliquefaciens H) 3CCTAGGYS
Alul 5AGICT3
(Arthrobacter luteus) 3TCIGAS
Notl 5GCGGCCGCJ
(Nocardia otitidis-caviarum) ¥CGCCGGCGY
BStEIl 5GleTNACCS
(Bacillus stearothermophilus ET FCCANTGGY
Pstl 5CTGCAG3
(Providencia stuartii 164) 3GIACGTCYS

7 il RS

I RER S (I, 4 HEAEARA ., 6 LR, 8 HiILARR L (& I D D, MTALH FRFRAL S E 8] 30 (/Y R — A palindrome)
W& E R TOB W, Mif Id, EORERBAET DMAED OLRITHIRL T\ 5, BEROA R, B4 BROHS ORI 2
XFaAZ) 7R TR, | TEOWH T 2 L LORIREEE N FET 2L &3, v—~EF 2T KA 2, v, 5
FiE FANTZEHL TODAT ARG (cohesive end) P EIRICEIBISIDFEIHARSG (blunt end) 235895, 1E: /3 N o—S#iG
ZEBIRWELHNZRERT D IREER D HD,

AR

2 RDH72% DNA 50D 3'-0OH & 5’ -V ik | RARY TAT /VFE G CHEFESE D, Wb I
DEE T HEEHREE DNAUH —F (DNA ligase: #HAEREZR) S (K8) , LKHWHND DNA YA
—IZi%, KIGE DNA VA —E, TADNA VA —ERd D, RiIEIL, FF 25 KR S O=E 2L,
BHE LI RIBREOEREL M TE5, ZNODOEERLFEA— T =D RSN TV,
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5G AATTC3 5GAATTC3

FCTTAA + c5 > ICTTAAGS
5AG CT3 . 5AGCTY3
3TC + GAYS 3ITCGAYS
L 5
5K 'o—pﬂo
o o (e
op-0 @ s
e MRS N
N > OH H
o M < IEE +
T G -
by EEHE oxs
i o0
R ATP rc o @
Ik Mg?* N B
— OH H
IEKE

8 kSR LU

HRERE SR, RS RIS, AR TSR DL TED, LMWL DEAERESR IZ KGR R DNA U —E03H 2578,
IR ARG DG BN HRITAR Y, —J7, T4 DNA DA —BIE, FE RIGOERE SOGbR RIS IRIZENTED, 228, ZOK
I RN =B UFEET DT ATP RSB THD,

5-6. Green Fluorescent Protein (GFP) " V&%

GFP 1%, AU 254 (Aequorea victoria) &2 (KOA) 128 FDkk s a2 G Th
Do AV ITZTIUTT A AR LRHIN DTG DY oM TIA 7 AV L GFP D 2 D
DI T DFER L TIFAEL TNOD, SRR E 6 . AT A VAN T DFER
L, TRAX—DEFESND, TOTRNF—N GFPIZZIF SN TRk DH a3 95, — 5,
HEES L7z GFP IZ= R — D @ORIMRZ IR L7354 T GFP 1d, #a %35, 2z
ARRE Y THERI SN DT R —D AL T, VDL DT RN —EEL
T 5720 Th D, HHIT, HEDICIRI LTIV =L F — DR e (R R) Len ™,
(X19B) , GEP (%, 238 {HOT I /FenH7250r 1 Ff) 27(27,000)kDa DOFERZ L RIE TS,
GFP A8 CW23 0D T I/ A ZZARL TV (MIC, BR<BE>SH),

H1:GFP 0% RA ThD FAHEHE L%, Tkt ez /78 (GFP) OFREFAFICI->T ~—T 2 - F L7 —1E L,

BY Y F U LSBT 2008 AL — R EEZEL TV,

1 2: 4D 0T DAL, Aequorea aequorea F1-1% Aequorea forskalea, Aequorea victoria (FRLEILHHBH DN 7 —o8
— B AR), Aequorea coerulescens (B AMTHEIZAR)

73 :E=Nhe/ A : TR F— T HOW RIS ILHIT B, SEVEINRO L2 B O (F EFR D) D3 AE— 135, R
FMRD LRI R DR (FREFRD) HDTRAF — TR,

E:m X —, 1 :EE (m) . N: 7RI R (6.02x10%) , h: 777 E$(6.626 x 10! J's) | ¢: Y63 (3x10° m/s)
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A 4
T
2l = ~~a
M il
é . Ay
Al =P
.| 5
~N
v A/x,;,t
SRHMR

X9 &/ I E GFP O & E

A:A D755 BRI IRET &80, C:GFPOSLIAREYE (37 /e TRAMEZEHEL TV, )

5-7. 7’7 AIR pGLO D&

T TAIR pGLO (X, AV 7T HkD GFP G F72b NI IR~—h — B - L THA
WMET eI B RET DIESE (B 72 ~—8) DBIE T (bla) & T i3k 5371 bp 7T
AR DNA (f#2 DNA 43 1) TH 5 ([X10) , ZOFZAIR DNA (Zid, I GFP #fn 1 D3 H
FEEATH-DIT, TIE ) —2F e D7 aE—2— (Peap) FRF3B LY PeAD IZHE A LISHLFH
iP5 5% 308 (Ara C) DG+ ara CHEFEN TS, ZOTTAIN DNA JNEASH
TEKIGEE, ToE I a2 52 SIS KRN E B SE L2 LN TED,

HE:

Tt —X—biE, RNA RUAT—EDBFES T HESNDOZETHD,

B 7% ~—¥ (B lactamase, Beta lactamase) (%, 7> &2 UF—E (ampicillinase) LV H b D,
B 50 2~—Y DAGF (bla) % T BV IEF D2 e D,

ori &iE. KIFH N THELICEHHEHRMBIA R THD,

T'TAIR pGLO O ERINL, BEE RIS

BB, MR AT CRI GG AHETFTRRET S,

GFP: GFP(#>/)J'&)  GFP GFP iz ¥.Ara C: Ara C Z>/XV'E araC: Ara C X2/ 0GR+
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R4 O BE{RF(araC)

TUEDYUtEEETF
(B59%~<—+ (beta lactamase) M E{EF)

10 pGLO"™ZFZ 23K DNA DA (& « il RIS Hi[X)
p:plasmid, G:GFP, L: 8 Lactamase, O: ori
H:pGLO O%F B —Y—x /b —H LU pglow (BE—27mw) &3, HD(glow)& o RV EDOBIB T EFFOT TAIRO B k!

Ron Mardigian (Bio—Rad laboratories) G234, YIEELHI72E OFEMIL, BRK <2E > 1TRfl

5-8. T ¥ U  (Ampicillin) & B 774 ~—+¥ (B Lactamase, Beta—lactamase)

TV AIREVN L ROGUENE T B 77 MEE LN DABBREFF O Lnb BT
B LBFUVEME LI TS, ToE AT ST T HIBEED T FR 7 H ARG DAY
[HETDHIETITITOAEBEILET D, 7oy FONREE T, XTTFR7VH 4
BTHELD D-T7=L-D-7 7= ONRREEIZ RSP TWS (K11), 20728, D=7 F7=/L-
D-7 7= NN UARTF RV ARG T DT AT F L2 —E LR THLT v
VARG T HIE T, MANEEDZRIE A LE SIVD, ZDT I Ol A EE AR /3 AT 212 55<
720 FEOMIE > HOR, RBEEITTH AR HNRRVEEE L TR T D, — 7, ToE U 53fiR
MR THD BT78~—BIL. TN D BII 2 IMEEL AR IRS DL TT eItk
EHSEL(K12), BHEIRFE2 T TAIR X2 —ITIAR T EERIAZ1TO% 6. BT774~—E8
BIRTEEL_I—EHWDLE, T IR G0 HICH R L6 77 AIR DNA A3
NS TIVT BAEF TE, n‘ﬂ?ﬁ@xiﬁﬂ%l%@@ﬁj@"_kﬁ\fééo ZOINTT eV
PEE ST (amp”) EBFEHIND B 772~ — BB T (Bla) 1%, Blo FHHR FZROBR~— I —
ELTHIHESN TS, AFEEROD pGLO 7' ZAINIZE B 774~ — Bl TP E EFN TS,
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D-alanyl-D—alanine

\
H 0
0 HicT H 0 Ha
\-_N
CHs
NH2 s H
NEJ (
o H‘ H . e
Ampicillin

X11 D-TI=)V D-TI=L T 0B DyFAEs

BooF<—t{FRIE

l COOH
N Ot

N CHe
@ Uiy
O\
3259 L85

K12 Tre VN Wosy ikl B 7052 sk

T eV ALT UYL N AOBREL THIIRS I CTRY, MR IR T 2, 7T eV ATENI IR O T
HFRCITA — L — T LI DM EE 3 T Ao TBIRINT 2, Fic, 5 DML TV E S VAIRZE ThDH, 2D
Todh | BRHiA RS IR T 1 BEIEEME THLRIETHIER DD, ZOTd T VI EE i iE RIIRF T 25614,
2~4CRIET DT LERD D,

5-9. pGLO 7*ZAIK DNA BA K (K12 £, HB10D) (2381055 /<7 DF B

ARFEBRIL, pGLO 77 AIR DNA ([X16) Z | A2 T2 CIA VB TODRIFEE K12
BRE 3R HB101 (238 A4 A B i (transformation) Téhb, GFP B{n %5 ¢ pGLO 7T AIR
ZRIGEICE AU EERHLL =355 . GFP 1£930 CT72< Beta-lactamase ( 8 774~ —8) 778
S=AF R DT T LA —FHIBRICKE AT HX N EBRBISND (X13), IWEE#RLIZK
WA X, Beta—lactamase D3ZEEL CWAT-DICT I 2 a et CHL A B T& 5, £7-. GFP
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DOFFIX, BHICT I8 ) —ADNEETDENE L > CGRETISND, TIE ) —ADBFAELIRN
A, GFP B2 EANICHFET DI BELL T, BEITLARV, Sz U, [ME#R1NHS
WZHDOBT | BEREIZITRE Yo7  EV) 2 ETH D,

pGLOFSRXSFDNA

\ AraCA> NV &
BS5HAT—t

(FUEL U RER) GFPAINVE

13 pGLO 7*Z7AIR DNA B ARAGE TOX L 7 EHBL
KIGEARPINZIES /5 DNA IZE ENAEAG F B RBESNT-F 2~ 7B 12N Z . AL pGLO 7FA3IK DNA (28 £ 58 s
FNSIBEINT=H L RTEDIFAET D,

5-10. KIGE T I /) —AA4~a L fn 1S B

T )= A RER AR OBIG 2B 0T I8 ) —AF ~n A, BER ORI
FTd5 araB (L-ribulose kinase D5 F), arad (L—arabinose isomerase DiE{5+), araD (1.—
ribulose 5-phosphate isomerase DIB{n 1) BIL O BE—F—HLF|THD Poap DMFET 5. (K1
0). 2B 3FFHDOBB T BT HILTT I8 ) —RE AU bR IR I A SR
HIENTES,
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L-ribulose kinase (AraB)

L-arabinose —L-ribulose— L-ribulose 5 phosphate — D-xylulose-5 phosphate

L-arabinose isomerase (AraA) L-ribulose 5-phosphate isomerase (AraD)

T I8 )= AF Ry OB FIRBEFEIL, #2378 AraC TITOILTWD, BT I8/ —
APFAELIRNEE | AraC [E PAD FRFIZHE AL RNA RUAT —EBOT BT —F—FEF|~DfE &
ZRT 0D (RO , LInLT I8 ) —RfFEE T T, AraC ONARREENZLT528128D
PBAD 2388 L PBAD (Z RNA FRUAZ —E W E BT 5L TR GBI 72358 B2 (L) , =
DI HAFAAITIY AraC 2o 71X, araB, araA, araD £\ ) 3 DO GBS DR L2
LTn%(X14),

—‘_—‘ araB |—| araA |—| araD I—

@ O L-arabinose

(FoE—4E51)

_kl?AD_‘ araB I—| araA I—[ araD ]—
@ Q RNA polymerase
_— (RNA & RiEER)

p araB |—| araA |—| araD I_

01-
@4@%

AraB AraA

K14 7Iv /) —AAXarEBis R E

7T AIR pGLO Tl araB, araA, araD OV, AU 7547 GFP &+ lHAEh
TWD, 2D T TE ) —AA _u TORBFREIFERIC GFP OFBUL, AraC Zo /7 EIZT
TE )= ANFEATHZEICIV TV TS, pGLO 7T AR DNA ([ZXWIBE st KIGHE
T, BHIC T I8 ) — A& A 50352k GFP OR B2+ o208 T&5 (K15),
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PBAD (70 E—%85)

IR YF
OFF
(B HIHE)

RNA polymerase
(RNA & REER)

RINAAYF
N ON

_-.D_ﬁ“’_o_ (1E 0> il i)

15 pGLO FZAIKN DNA IZBITAHT I /) —RAIZL5D GFP s 3B

5-11. 7o E—F kAL FEE

R T v — 2 —E AR ETR R T TR TV D, EEBR T, KB O 7 0t —4
—EEH] PBAD %5 107 TAIR AR X~ TAIAATS GFP BT Z2 A\ T05, LinL, ZOT7 T4
IRZHEYFIE-CE MBI E AL, B5HIZ T T8 ) — A% N2 Ch GFP [33BLLZeW, i, 4
WFEZ &IZ RNA RYAT—BH R 7 me—2—FlSb R 570 Thd, ZD7, K71
TS DRI H— T AIA AT GFP G 1-1E, KIGEOATRETED, — 7, i)
Ml AN T BT — 4 — 8 EL DRI X— T AA AT GFP G113, AR D 7 CH
B9 %, B ThRIECTHD (1X16),
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MRS T 0 E— S5 MR T OE—4E5

] GFPIEMET —[MII_creia=F |

RBRET

U

l RRET BT l
% KB E T 0 E— 485
¥
GFPR/\)E GFPA/INYE

/ N
%
% HHET BT

GFPRV/NH'E

16 AEYfEsr vt —4—
RNA RUAZ—EREE T 57 me—2—FFIT 2 COAEMILRTII R, Fo, EMFEICLVEE % 27 ne— 4 —EFI03H5,

ZOTO B PNEASEGA . EAMINTIEEEZL ST 0T — X — N2 IEE AT R LR,

5-12. KIGE~DE 8 A

KIGHE IS E S LOHIRREEAZ S 6 | i, 7 T7AIRN DNA ORI KRERSFIXHEEAENIC
BIADIRN, KGEA 50 mM @ CaCl2 ALEET 52 LIZIN 7T AIRZ I IA 030 il (=
T N - competent cells) ZFH S5 AZ LN TXS,

ZDIH7pm e T U MEIAE T T AIR DNA ZIRG T 258, 77AIR DNA [F= 7 o Millla sk
A LT | KBEOFIZEAEND, EFRICEEL T, 42°C TORLIRA IR 32
IRHZ L TCHEDREMENE DVE NS A2 BT HLNTED, [pGLO NI TV T 5 1R % ¥
Y IZE END BB B HREENR (Bu) 123, 160 mM CaClz K] TS (17).,

H:2MiTHD Ca¥ A A UNTINTTAIR DNA O~ AT ABM B RSN LR~ AT A B2 H DMK DO KD

BRI T AR DNA 2SI B I A5 Lod < 2B ATREEb I B AR BE A A A = 2 LR Tl
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= CaCl, AiE
% O 75XZFDNA
o x_0
avETU N o)

o
O 0 BLE (42°C)

%O

@3s) (*83s)

K17 a7 MllaOER (CaCl i) S E iR
SHEHIRE D KNG A CaCRIRIRIZMZ A2 TRIBEILTFAIR DNA & DA B0 WA (2 7 o M) 12725, 0

a T MilaE 7 FAIR DNA ZRA L, 42°CTEVLEE 352 T ZAIR DNA [ZRIGE N GRIlN) 1238 AZhd,

5-13. #(E HWB s F-HAHEx FEERICERL COHEE A

FBRHFE TREE 21TV, 205 B EE TR EBRAITHICESL T, EBRoR, 2B, B
BEREASFHT- OIS OEEPLETHD,
FEEFHEHOFANT, ERR~OHEE O ZI(RA) ZFi< . DNase ™ D2 (IR A) #BA< .
KX A% BRSNS 720, |
@ EBRENC, F7ZHO TEBRPHSRET 2 (MEIECIADP1ET D),
@ FEBREANTIIHOBREXEX AKOEMTHIENEELL,
@ FEBRATBIOVEREZIC, LT FE2UED, (FEBRAT: EER~DO Y HE O 2325, E
Bt RN OECRIEPIMBIEITLRNIDIZT D, )
FEBREIZT0% X ) — VIR E S LR L CODE 35, BRI THRLEET D,
EEHFR R 2KIE, 2R AR A 2K L, EoKE NS (68 X—7 10-7 Z /),
T 25 B, KT, TORTHE T D, (v hORIRIL, WREHE AI208, B HITIREL
T IURIRBTR, )
77 AIR DNA %G 1E, S aRABET EERR > 5D DNase DIR AL BET 5,
AL, s i, 33T, 2 TH ML — 7 LI A TR E % BEET 5,
SEANMRAEE DRI, SIMRAE L2, (37 VA AL CHZ# 35, )

®@ e

© ® Q
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11::DNA 5y fif i 52

DNA X BB BT E T DS, MgP A A UAKIFIED DNA 43 ffE%ESE (DNase) (L0l HLUIC RS CLE9, DNA 43
AREESRIT, M PAE ) TR IR - ML - Z OO IR IS FAEL  EBRPICEREDLIRAT2HE R DL, Znapi<
WITIE, FBRRICF L —FITHS EDTA ZIRINL, KB EGEEZLRNEIICT S

6. FEBRDYE(
B H A G TR EREITOBR, MO ER R GE TS 21TV EBRUEHICAD,

(Ml T FvhO~=a T U R#H ST, )
<JEHEIZHOWNT>
X HWAGE, Ty ogm A, SEIITOREL THD, Ll EXy N Fa—T %
Ko RPAMCEE AU 235 A3 TR E L TOD WD, ORI, HOar 23205 130
VTR ALz DNase ZRIESE5 H IR ®D, o, FEERZIL, B KIGE 22572 Al hE
PEOHLEOIT, ETRBEICHE T 5,
PR T IEELCEICHWD IR, A— L — T ThHH,

6-1. TV FDOREA

pGLO 77 V7 @ isf#1#iz %~} (Bio-Rad Explorer Kit 1: 472" No.166-0003JEDU)
#13 : Bio—Rad laboratories: http://www.bio—rad.com

WR5E: AARIZD DN AT+ Ty RTHRT N —ZBRGEL TND, B EDREE 2@ TEA T D,

6-2. g HLOUEfH FHE - 7L — b (i
ZDF ML, 8 EB T, S0, 8 4 (LNLFER) | 16 4 (1 92 4) . 24 4 (1 BE 3 4) |
32431 L4 4) TEEEEMTED,

6-2-1. v SN aR E

O A—rL—7 B HFRR, FEIEy L
A

b L e E e P
PEFEM LR — T )28

@ 42CAFaX—2 (K :e—hrvayy

KA 42°COIRK

EBRIFIZ 42°C (FTAVAF A 1CRLEE) 1R D I 8% & T 2, 2RENE D> THLh%
XET 2L OO E i D,
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@ 3TCAYVFaX—H (ZEXIERE) N TTVT O
{OM : SEIE TR IS 28 (24~48 HFfH])

@UVZ 7 (EFE 366 nm) H0O6RH
A LRSI A

6-2-2. 1 Z)L—7 1A ek - g 245

O AF—4—FL—h(KM#E HB101) 1 71—k
@ EXREHTL—h 4 7L—h
(LB 1 #.Lb/amp 2 ¥, LB/amp/ara 1 )
@ EEsH AWK (Transformation buffer: ”Bu”) 1 A (#0.8 mL)
@ LB(Lysogeny Broth, Luria-Bertani) #Z {435 H1 1 A (%9 0.8 mL)
® 7TAIN DNA V& 27 N—TTIR
(BEPDIRNGE V=T CRINTE 22572 27V —7"T1LA)
® -7 R
@ VR TE YR (ARAH) 5K
Fa—TTv7 1
© TARRyZAGEEAT B—/L 22E5) 1
A= 1
O BEFWTIF 1
@ 1F=H

@ 1IFYMIE TN TR,

6-2-3. EREFMOER (8 FEBr)

37K AR, A 2RISR E L,

W TIE T AR = AT T AR E AT 4% B 0 2 — 2B IUIS TERWID I He#
T2, HR% . A —r7L—7 (121°C, 20 %) NI D E TR NTIRE N TES (K18),
F—r L —T DHEF N TERWNE BFL oY TRETRE TH D, T2 = A7 52|28
HiEMz, Lo VR THSZHBEIEDLERHD, HrEVHIERIT, <O 1L T
MOEGT ], Bhig AT 52 Th D,
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500 ML =A 75X 500 mL=A 75X
- K 200 mL -« K 300 mL
<« | B/EXMRK T¢ <«— LB/EX¥R 105¢

i i
\
_ = [ FAN
j—* I\bl/ 7(121 Cs 20]]) 7}'—[\7[/—7(121OC~ 2093\)
[ LBTL—h 164 | 118 (~60°C)

—TUEVU(£E)

| LB/ampTL—F 16%& |<—

«— 7IE/—R(RE)

| LB/amp/araL-—hk 8% |

18 BEHifESRl Ak

WAL —7 P (121 °C. 15-20 47)

NOTUT ORFHBRE WD @ EARRIRE, 20 RV E R E BN OB Z & ERVIEIROWE (WD, Fe, K7 a
ELUOF 2 —7 Fo7 | BIE~v A7 Xy (B TUIART) ZWE TR A NWD, Fa—T - F o7 REDY
B A =ML —TWE % 60 CREE CHBRSE T DM T2, FBRZIT EHLETF 2—7 By b 7L —h Ba & Tk
7L B TRE T D, RUAFL RN ZF L O A, BUZIIV O TA— ML —7 CIIE TERW, £, JrAeEwERE

DOBNZIIVED &8 IR O Y& UEM B2 8108 R EA — L —7 LI ITIRIN %,

B P EICBRL T, 7L —MZT V& T, REFHICIIN T 2384 R 45,

T —hDT~ YL = —H—~ T LB, LB/amp, LB/amp/ara 55 #1234 B CE A5 X5 # T 5,
B LS

TV R LR AN N E B E R A TAR 1 mL #A1—30 mg/mL

T I ) — A ARG LR AN NV B B AR 3 mL I1—200 mg/mL
F—=hL—T7 KOO U RS A T8 5, BRVIEIZIEA TWD AR S DT
W THD, 77 A% FTERNSENDIEE (60°CLHWN) (272 i T 7L —h D451
EMGET D, TV TIE ) —REMZDEMTIX, 702Nz LR #R %, 16
KeDO7V—NZy i, BT I8 ) —ARRMUE%, SO 7L —NMI3E(X19), iELE= 7L
—MNI, BRVPEEDLETEIRTHRIET D,

E:TUEVI - TIE S —AlL, BUZHHT2 S AT T AR T TR b AR E TR 5,
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X19 FEREHIOSTE

6-2-4. FERIEMO K FRE

ER EIOKGBRELIR>TnDE, arn=—NiIL CLEIG AR DD, 207D | [E{bL71%,
IV = R F T ST BT TR GE 327, SIca LT EF24 KDL FEEIRICHE T2
ZLT ARG EAFESETITII L,

6-2-5 S Y
FTOETATF2—TICRIEL TV Fore~—h— X CRd 15,
(RS PRI : Bu, 77 AR DNA:pGLO, LB £5H#1:1L.B)
SIEIE, A7y ML, FY RO EETE Sy bk (RARAR) 2 VT 79 (M20)
pGLO 7*ZAIR DNA : & RGN N B B AR 250 ul #s—80 ng/mL
KNG« RS RS AR N U B2 T B R SR (" Bu”) 2500l ¥R,
WIRUT-BS, 3835,
RIS
OpGLO 7*Z7AIR DNA V&R :60 /1 Fa—7 =2 FNV—7/1 Fa—7 TITAINEK (HAETT
J8h) 120 ug/250 ulL.”Bu” (_2-4 fEF&IREL 20pg/500-1,000 yL.,"Bu” CTHEVY, ) 7RI DNA ¥
i, RN —T TR IUNERSHDeD , ZOHRINTHHHRBERI,

O/ s 1% (Transformation buffer: "Bu”) 0.8 mL/1 Fa—7
LB (Lysogeny Broth, Luria—Bertani) #iZ {45 Ht 0.8 mL/1 F=a—7
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¢ ORISR IR MDD AR

SRILKRT

K20 FULFEIRESTE
S AYAR R VG O PN )

6-2-6. A —H—TL —FOER

LBEGHIZ L — R (T BTV TIE ) — ARSIV TR OB HL) 2 (i L VAR L 7o K%
WZ L — IV E T2, L — T ORI K G E & B A S L— 7 TRREE MK H A7
ZHINLTT =M REIHEE 5 (X21), 1EHERIL7ZEZ 7L — M mE ML 3 LI
W2,
FEE# . 3TCOALFaX—FTEET D, BERRFHEIT, 16~20 RS RV, &%/ NShhan
=—=NELABND, ZIHOTR=—|T1E, KBNS T D EE R RE AN I KRG #7232 <
AbND, FEERORESIL, HARES RO EZ WL ZETIRED,
BE WD EOREOSTIL, p. 42 B 1)
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37°C, 16-20hrs

K21 AZ—Z—T L —D{EHL

6-2-7. EEOIERL

Bio—Rad laboratories M~ == 7 /LT K E B 5% SR D advanced placement (AP) 7 22" A%t
JEL TS, Flo, Ly AL TEDOTANL, KIEORELBEL TEY, LT L A ARDZF FHITKS
JEL TR, ZD72D | Ly AL ZEDT AN Z O EEMEN T 238903, Ehi T 28 B0 it
T HMERDD,

Biotechnology Explorer™ 53 73Xk Kit 1
pGLO TV 7B FH# % v (166-0003JEDU) B AZEFIAE

https://www.bio—rad.com/sites/default/files/webroot/web/pdf/Ise/japan/japanese/literature/M4119 Kit_1.pdf
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6-3. FEFRE O

FEERAEITOY A, BRI N —T T LI F O R, SRS A FlE T 5,

2B =B =T —h K 7L —RLB1 L, LB/amp2 £, LB/amp/aral ), 7K, #FE, £~k L
— 7 &I, == Ty T TFa—T %

F—hIL =T L3TCAVFa—2 3, FETHAT D,

KBE (RE—F—TL—h)

-!-'..'.' k. u

IKERAE

EXRyk-)L—T

X22 FEEkHOAE(H
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7. HE B A 2 FEBR OB B R
FEERBALARTICW S OO FIHE TR D,
7-1. FEBRBARORERFIE (X23)
FEBRENTITMOBEEZ, AKROFEHANEEL,
FERANC, BERT ZPAD THHSRICT 2 (WIS TIADP1ET D),
BEEOLFAVED, (EBRE THHITI, )
FRBIZT0% X ) — VSR EETHE LR T D, (EBRE THHITI, )
T ZAIR DNA 2056 . Kb LRV E DR A AW EERR )60 DNase DR AZ®ET 2,
i 3D - SRR IR E B A OL D& WD, % O B - 3RS 3R E L CREET D,

-
/\ A

I '7‘?& n-t' s_)IJﬁZi

Eh)d 710% TR/ —I)LETHRE

F7 RO THER

X123 %%Eﬁﬁb‘ﬁua)ﬁ@wu
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7-2. FEBR 1L pGLO 7' ZAIRNIZL D KB E (K12 #£, HB101) OBl S8R (X 24, 25)

74*’7139’-1—7“" S &ﬁ
+DNA, -DNADSALEDIT5, o o
(O
\{\\\ 250 pL
W B AR E R 250 pL \
(+DNA, -DNAWF21—7) - i e
T
+DNA -DNA
\
KRB (~553) |
ik
\\\ !
KESE (HB1OD 1)L—7F N
(+DNA, -DNAEIF2—7) A\
I
+DNA -DNA
\T\
i oA =
+ —_ f:‘“/’“{ & ‘“"
i [\
TS5 ZZRDNA +DNA -DNA
\

Kep(Z109) R EeE ﬁ;’:? ﬁl
99 5k

24 HHEEHBT v —L
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o

T 7 e | T

42°C, 50 #fEle—bki 3wy 5k 42°C, 500 RS 5k
* CCEFROEREICTSSEATY

KAIZRL 2 nEHE

LB broth 250 pL

=B 10 HEHE

l FLIEHT D
BELEE® 100 pLE7H—TL—MIHER

{8/ame

v
w%ci—ﬁ%%

TL—hIUVELST OO0-—DHIEFERET S,
F. AOZ—HERET .

LB/amp/ara

(HAZW-LENIOZ—DHENEIHIFERT 5. )
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Fa—J

fio B SR 4R & KR 0
KEEEN | BEGREER
yo ann
TSAIREM Y
Je—tsavs KB (K12%:HB101)

7

TS5 XZKFDNA (pGLO) iF

—kavy
(42°C. 50%)

25 TEHEEHERE (FH)
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1% (37°C)
L5 RIE ST
R

HREIE

£ 41R (366 nm)

aR=—8GAE

EERh BEEYINE
DNaseM;E AZ#(T5

~HRI-ERT S A—hoL—oRE

RERTR

R ) RIRREIE S OPRR(SE R BT — sk, FE R R A
(1 Jo5 IR ST A I W B i 55 7245 L 2003 4F)
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7-3. FBROBA |
ERO#AT 5T CORAL MR,
HRO K AT YT T, Fa—T WCRI>TOBRIEHFT,
D Bty N AR
RIS B
OB R (Bu) HI0, OLB-broth ¥, O R liaHa L 7= DR

X 26 fHUVETE Ry (ARAR)
RS TE Ay NI, IRE LIREE T 1 AT o Aok T e SN 5,
E AT UE 15, 100 pL~1 mL Z¥eE T % (X 26) .

@ fEHT 2 OHFHREE & 3K
AB—H—T L — MBI DR IGE OBFRRAE 50T, BRI 5, FBRIZITATH
DO LTI OB A IV BRI, 16~20 R 2584 Th D,
F MR U A SER I OB A 5 1720 ORI R RN,

n=— @ FERRERO B, HEHEDN A LR AE (FEFE BRSO A (X 27TA)) ThHDH, ZD7-
DRENIR=—ZED, FEIEO A RIDRBOEE Z<HRIT20LE )1 HD (K 27B), Ll
BRI K&V an=—0ilixila /V—7" THRIT HZEITBLITIT#EL W, 22T, /)b éb\:u:'%
—AEL WD EEEL . h&van=—% 5 fA<OVRIT DGR ED LW E TGS
% (1% 27C),
AREBR T, 2 COap=—IF—Dra—r & 2 THRBERW, 20720 ap=—) VS0
BlE B—an=— 222 bbTEEOan=—28H T2 (K 270) , +o7 W EHRLT 2 —
TNMADZERREITHD,
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B

EE T
P
— EEY EHH
g SR L] e KB
EEH

FE SEREER
X 27A B OB R K 27TB —o0an=— 2T 5 EH OB
KHBOETEE O HE AT 5, an=—OUEEICE S HEE LB FET D,

X 27C AKX —X—T7 L — FDIKAE
OO Xy lc/hEhan=—RNHEL TWAEFHRND a0 =—2 8T 5,

© %%\iﬁﬁﬁﬁ_ﬁMLtﬁ;«¢T%m

TR MR BRI, AL LT A (CaCl2) IRIR CH DT, 27 U MillhcBITL 2 2d 5
R LT iTiﬁﬁMk 205D, FHZ T TAIREIRE DR —hray 7 24THBRITIE, K
(ZFRE USRI HE L2 W IDICEE T2, BUKBECTIERILIOKZ ] TERWIEEIT, KEAR
RBZ2 LT+ (2R (crushed ice) L, BIZAKZMA, F2—7 BFEMTKICHET DR A 1EDZ
ERKE)THD, Fo, WTHOHETH, KOKRIET AIRANVTEN, TAIZBENTT 2—
TENLCHEKDIBENR—ELT 2— 7 b L ETH (X 28),

6> Q
% Sl

\
7 AR b/ 3
k (Crushed ice)
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28A ook & VTG E 28B 7V 2 A VTR E B T HA
@ FTAIR DNA ZHEEIZERE

“+DNA”OF 2—7Z7FAIR DNA @RS %, v—"7"% N, 77 AIN DNA ik a7
RTINS R EJDOIITERIT S (K 29) , SIS EIE, £ 10 uL (0.8 pg) ThH
%, (FFAIR DNA ¥R - 20 ug/250 pul.=0.8 pg/10 pl.)

L— BEL TR EDESITETUNES

29 N—TIZEDHTTAIN DNA OEHL
® b—hvavy
b—hoayZid, K >42°C-50 >0k, Lfr iR E 22 DT 2 ude s (K 17),
2D HENTDHA2CITEY FLIKIR DI Fa—T 2 SLTOKEdRE B L THEIET 5,
Z DR E L KRG E OO FEsh 2322t $ 58T, 7*ZAIR DNA BEOHFIZADIAD D,
42°CALFRAMCEIRICH L CLEIEHITTIED ., b— b avZITh BN 2O IS - LA D ) 2R
WK T3 50 THRET5 (X 30),

737(ECI;DNA
o
@ omags = (@ss)

-

£ -4 E—btTavy
skeh (42°C., 50%) ik

30 bE—hrvavy
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® LB broth #hNT% O

JiE HZ B lactamase 725 NE AraC DOIBAG T BLLE & DX _7E0NFIER - FEA T D, 20D
HCE R ] RSP & oy R CEDRE S (BUAEW B ) DR 725 TNT AraC o/ 7'E D~
28— 42— 4 (PBAD) ~D#EAIZL5 GFP s - RHELOMHHE S,

@ WOERA

FBRCIL IBRENEETHD, ZOFEBRIZIBVTHEE DNA DOIRA () 2 512175, 72720,
IRA DS Az TD, K BH LU TEIRIZRE S TLEI L OIRAENEL RV B E S #L D )
WIEHLHDOTHEET D, B ORI, LB Bt ORI A TWD 720 | KKIEA T 5,

7L — N D%

T l— MIEIR L CTH#ET S, BEPE, ERT, R kicrs L oict 5, BN Rk
STt KREKDZEDOWIE TKIFIZZ2 0 R PICHEMBREHICED L Z L H D, 2L,
an=—MNRNDREE RS,

© T —h~ONEEIEDIE
7L —NZ ampt, ara—72 EMEEEA LT HEE, B HOBLZOHITIZRBnEoIZ, 7L —h
DY UESE AN VA OTar - A R

4. EBFEROELD

Bio—Rad Explorer v hD7 % ANTI, EifRESL 50 55T D201 TH 4« HEZREL, 1%
FB MR EATO A THD (v b TH AR 3 R—U 2 M),
BT —hTOan=—0OfF WE L% RKARE R LEOLOFELZH]H~5, FIZ, +DNA,
LB/amp, LB/amp/ara D 7'L—R~NIDWT, an=—#&xHE 75,

O K7L —rOBI%
HOEMLD KT —h TCan=—NERINAINEINTHEL, £ —hoan=—28 581U 0R
A ATy T H LT EERE 5,

@ LB

RO IR L a2 Bl E2 T2,

LA RITRIZ R (366 nm) DHLOZE D,

pGLO THELT 5 GFP Ofih i K 1% 380 nm fHifAE — 7L L T D7D R RMONT A AL
Ix—E WD, MU AANIR—FERHETERWEAE, TIROT 7y 774 ChH #2852
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TED, EEEM (21T 254 nm) DT AL NIF—Z T, DR > THOENTILIR D, F- 50
FEIE= X —CTHPIUER THEIZD FAWVRWVEI N R, Eil R ThHo ThERIMRITE
BLARTFIUTReD20, 2078, AlRgleblda — 7 NV EE 35,

F7 R IS E PR AARIR T RN T D,
RRMHEBZDETANRNY I AZAELED TR RN THAI,

© ar=—HORE

T —HNENDAR=—Z B, vV IR TRy MR ban=— K a2 5,
an=—HRLWEE, 7L — e 8 FH X 0ob 2 EFoan=—KaefllERk, aan=—K
ZEHE T D,

TL—r#8% 4L, AB 28 BT a0 =—HGAIE
affl

TL—k

b{&
£an=——#=4x(a+b){A

7-5. FLHDHRA |

R L7z 4 D7 L —Ma | 3 22812808058 el TAH5 (1K 31)
O fFHEMRE, B N7V RS = (+DNA, LB/amp/ara 7' —})
GFP Ba 1 (IFH) & 1o 77 AIN DNA L, S8R E FRE L CHh e a2 3 L7eu  (Explorer b
DT FARTR—) 8, TIE ) — AN O 20 = — | JEEAR TR 2 36975, DNA 13F 3
THYHIEEFET DI EVIOBREZ R 27203, RIGHIZE AL GFP Zo/\VEZ2RBISELHL
GFP Z "L, THOta R4 5 ) exe A 12,

@ FBFHEI (+DNA, LB/amp 7L —h vs LB/amp/ara 7L —})
FIAIR DNA ZE AL KIGEE, 7I8 /) — A% &R P TR 5L, 7I8 /) —2n7m
F—4—He | (PBAD) \ZHE S LTz AraC XL/ 7B LfES T 5L T AraC X2 R 7B OREEZEAIC
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X0 PeaD BFEH T 5, ZD7-8 RNA RYAZ—E 72 PRaD IZFE S L GFP 2336845 (KT % 2k 13
N UHBR),

ZITT I8 ) —AIRBAA YT ON/OFF O&E|ZH-TD, £z, GFP #5 1 () 23K
PBBE P EL CTHRBLRTHIL, 30O E R T DM A R/ 72\, pGLO 7' FAIRD 7 nE—
H—BeFNE KNG S TH D720 KIGHE O RNA R AT —E R FEA TED (14 2—),

OXHEBROEEZT; (4 DTV —1)

@ =R A DAL TWDED (EETZRIGE A S TWDNEDD)
—-DNA, LB 7L —}h

@ EFROFBLEILLE I
—+DNA, LB/amp 'L —b vs LB/amp/ara 'L —hF amo——%Hig

O EWE (T e Iy) D RITH L0
—LB/amp 7L —F, +DNA vs -DNA

@7 Tt ) —RIZLDH L N HIEBLAA T D ON/OFF B S ALz
—+DNA, LB/amp 7'L"—h vs LB/amp/ara 7L —h

%% 7L —ASZ R LB,

OFEBROFHNELNTY X
S%%ﬁ% PREOAn=—HKOT —2ELEL  FHMERCNTYXOJRREZ LT D,
| T BRI TR CII B iR sh =R (FLFIRHRICZED 7" Z AR DNA 1 pg TS Dar=

—iﬁzzﬂﬁl/u@ HHET D, LinL, KREBROLE | AX—2—T L — BRI K% CaCl
FRWK (Transformation &) ITIETHOD BRI BT U MillfaL7e > TW W KRG EZ W T
Wh ZOIH7e RIGE Ty BEDO T TAIRDNAZ I Z TR E stz 7o T DT FEERE

OB RIL, WEERBF A KD s B S U zan=—0Ha Bl 52 THR S
g TED,
CaClz |IZTar 7 U MESNIZ KIGE O TR h =%, @k 107 {8/1 ng 77AIN DNA T
BHDHH, AREBRTIL, 10°M8/1 pg 7 7AIN DNA &ET“&%%O

©® HWOHH

B L HE T CICBIE 35, BICERRE, HEK TRHIBISZ L an=— 0 REI0E LD E
BEBET D, HOWIHICHEW = — T R ELRDEIEIREL IR A DL T TH D,
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7-6. EERKE R B
AR

+DNA +DNA -DNA -DNA
LB/amp/ LB/amp/ara LB/amp LB
l J l J
+DNA -DNA
pGLOE A EEB& pGLOKRE AEER
#H#2 % DNASEER

IR IAT =R L S
amp :ampicillin ara:arabinose DNA:plasmid

E. coli: KR K12 ¥k HB101 LB:LB B
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T —RITEDH GFP R ELFHE

+DNA, LB/amp DR CHE LB RIGEOan=—0OW, LU TEHHEL Thhar=—
PR, —HITT I ) — R SAY — Ay T 1 EESL, fhoan=—Zarho—/L &
LC, RIS R a0Ot R EE 28155972 (1% 32).,

7S5E /—X(ara)

- +
OB<F rere
1 B ]
2]
4 B ]
6 ¥ fH —ara(aA>kA—)L)

32 GFP F& B8 32 Jii 5]

77 . FEBRKE T 1% O BEFE LR

KA BRI Lo ge BRI X KIBEe 813, 2 THEL THrDOBEET 5, 1A
FiEZ, A— L —7 W (121°C. 20 43) SEAITHS (4 33)
A =ML —T BEES TRV % T EHRTRATLZEL AfRETH D,
RAKRR, S TELRE DBV ZAT > TNLAHT S
BEFENZT L —NI, A= ML — T IRE R BB XPE R E R ICTLEL ThH), A3
DALIRIF I BABE N RAZ I FIEN R D728 & HIK D HIEIZIR>TIT,
FEBRA FEHi T MR C EEMAE O S aha— LA ERIERL Tl LW,
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33 A —h/L—T7 AL DBEFEY ALER

EBRCTHEALZENy s V—T | T — N AX—H—T L — EHEBRRGE 7L —8) 134T
A —hIL =T Ny ZIZEDPEE L THBEEIET S (K 33),
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8. OO ELRIB IR

BB Xy MR I ANDRE, 4aOICFEME T 28 B O FMREM OFHHEA L2 T e b
720N, BT, R T Z B T E BIHEIC 2 2810 10 FEhi P REZR R M B (T /3 %) SOIRg
T EDONE (A~ TR R) AT DU ERH S, FRILF Y MW GTLIZW TR A 72 H B
MTED, FRUCWLKODOHEFEZRT, FEEH T, RED H RT3 ER A LETH A,

O DTEMFORERTHL NIV ~EF5S

BARIE, BEE AR 2D (GBAR) ZHILIEH 2 GBAR 3B %HI%EH > TD, DNA 1T,
EARTEWRAE U mRNA 20, BREAZ LS T- 2 VB MELIND, (ZOF v OEEA 1L, GFP
MEEAESIENER T D, ) ZOZEEERBRIICES,

<FEBRPOFFER AR >

7" Z7AIR DNAIZ UV 24T, DNAIZIHFH THY , A5 T OMRRITD 12N a2 DD D,
O7 It ) =A% AF AT L — DO RIBEICH GFP #\in 1%, MASHTWS, DEVEIE 137
T 5, LL, TIE ) —RZ A2 UL, GFP I3ELNARNWZ L& DD, SV T,
BB EVIEBRPFEEL Th, XU\ ERHEBINRT UL, AT DLV BRI R 72
RN | ZE B FEERTHD WD D,

ORHICT T8 ) —AEMZHZETERAGFHRBDEID, 22 THID T GFP X2 7B MELILT
HNEFETDEVIEEEN EFNHZLE KRBT D,

TIE )= AL A TRV CIRE IR KRG E AR R L, %007 78 ) — ARk an=—
(ZREDINT HEBREATHL | FEBLRE S I /0 D, FTo, ISR LI KIFED D GFP 24
L BULPRCHOEAH R T D FEBREITOE GFP WH L NI E ThHZEN IR TED,
O—RICE DM TH Y ) AOBARTE HIT LB D, KA TORBIE FHBLOE IV A
DOHEREDIRED | IO TN D, GFP OBAR T# % FEBR A MU CTHRA T B 1 B
FIOHAA AL, RO b Z 2 S L7125,

<HBE>

TINE, BIBFERNDFMERDELEHIT, BARTEREMERFL . AR 720 Y A0 TS AR I T L B R B2 B S T 51k
FEoTND, 1 ADANZE IS4G L2 0N 22 A FHINE-C S48 i 2B | M CH IR CH & MRICFEIEL T D
70 5 EOBIRF Oy MIFEIT THD, L, FBLL TOD DIV D) AR T OFEEEANES T2 (TRl aR O A H
TLDe Ee, BADOHNGA ML TIXHB T HBE T OEWICIVHIRD /b B 25, ZOIDITEEFHBUL, BB T
A RERE~OFE OO, MR AL - IRAR - (R DI OB E) 2RO 2 EERAF LD, AEBRTLHz pGLO FFAIN
IZiE, 78 ) —AFRur OB T RBEHEHEEN S N TS0 GEP IO ION], [OFF I3 T&%, 20705

WCEDE L RIBEMEBND B NIVR T = Z ) TRGBIEFRBLOEE ITE A TED,
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@ BT FEERA~O B L OB T TS,

< FEBRFOFRERA >

OUV &4 TTH KL GFP O {5 1 (7 FAIRN :pGLO) A K WG AT 5&, KIGHIL GFP
ZREAEL, UV 2 Y THENDHIOIT D, BIRFITIEL, GFP OIF#RNE ENTODHILE 5,
OF Y MZEENTWD R ERRIE TN ~EE 28 AL, B2 F25k P E i)
HOOFTHRERT S,

OEBROH T, EBRNOEFEFEY O ETHRERT 228 T MBI O BN AR T D,
MR N ~DBAR T DB NIL, ML Z (EW[genetically modified (GM) crop] ¥, | 41:%‘(’*‘1%?
DHFFE, iPS M DL &% < DBUR T L0 53 B O SR AN T D, & 78 o E 58
FITOD IS A A AT e AR E R E ORHEA B 5235,

@ BAsFHEHR R FEBRD HARH N A7 5

< FEBRFOFRERA >

OREOPRE TV SAY — L~y bbbV IZ~ A7 Ry MM WD E | #FFEL ~L O
R 2 FEBRIZEDL THT9,

ORI - BEFEWALER S o0 B 43 THEfF L . F2BRL . BEFET 220 A HIKBR§ 5,

O~ A7ubt Xy MEERE EBREAE B KROS5 D THEMT 5,

IR AR SEBR (b — L 328R) DORRE k7Y | ERA B T RS EARICHE R A EL,

@ WITREL-IERE

(AR 755 DNA THAHZELZMEN O LT | IWERHRL - KIGHE ETBE LW KRIBFE D
DNA zZAli L, FESIKENC TR E AL 72 KIGE TD 77 AIR DNA (pGLO) DAFFEE R T,
OKBGE D NDHZEIX, GFP X2 7B N AR LT KIS I AFTE T D2 a2 D 5720
Bio—Rad Explorer Kit 2 Z T GFP # V& & fEH 35,

O B R H R 1A 2 RS R L C GFP 2 L, BV CH L R B R BV ES 52 LT
WIRLIRDTEHTED DD, (HIEHZ L NIE ThHZEDIERE)

EEROFFETIE, L0, @, @, @OERITIFEA DM A 25 X T2 ER LTI TERK
FKaAR SN T D,

[EBRHYE | TORFETITR AR 2 SR | 2R L, B DR Z R F B Ll
TEREZLEMTHIENEETHAD,
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. BERE

— 1. EBRIIELOA

RS, SRS DHERBOE, EARZ R THiR B — D7D OMAEY LR T
INITAR |GEAE 2019

B R MR EDBAR T L E T MAEMERO IR, D003 <l Tuno,

9
9

BRBRELSR  JF IR S ARSR LA TR RUAEW A AP A — o4 2009
WAEMZOEEARNS, BAGF TEOREBREIN, A4 T 7 /00 —FT, BEERKNLEREEZ AN
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Harbor Laboratory press 2012 (JEEERR D EER 7 o ha— L)
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10-1. 7ZAIK pGLO DM AEdAI| LR AnF DL VRS

NCBIF —4#~_X—2AD—2> T2 GenBank data 2>HAFER T L 72pGLODHE FEE S LY
HZEbTED,

GenBank: http://www.ncbi.nlm.nih.gov/GenBank

1: U62637 Cloning vector PubMed, Protein, Related Sequences, Taxonomy
pBAD-GFPuv,
complete sequence
LOCUS  CVU62637 5371 bp DNA SYN 14-AUG-1996
DEFINITION Cloning vector pBAD-GFPuv, complete sequence
ACCESSION  U62637
VERSTON U62637.1 GI:1490531
KEYWORDS
SOURCE Cloning vector pBAD-GFPuv.
ORGANISM Cloning vector pBAD-GFPuv
artificial sequence; vectors
REFERENCE 1 (bases 1 to 5371)
AUTHORS  Crameri, A., Whitehorn,E.A., Tate,E. and Stemmer, W.P.
TITLE Improved green fluorescent protein by molecular evolution using DNA
shuffling
JOURNAL ~ Nat. Biotechnol. 14 (3), 315-319 (1996)
MEDLINE 98294348
REFERENCE 2 (bases 1 to 5371)
AUTHORS ~ Crameri, A. and Kitts, P.A.
TITLE pBAD-GFPuv complete sequence
JOURNAL  Unpublished
REFERENCE 3 (bases 1 to 5371)
AUTHORS  Kitts, P. A.
TITLE Direct Submission
JOURNAL  Submitted (28-JUN-1996) CLONTECH Laboratories, Inc., 1020 East
Meadow Circle, Palo Alto, CA 94303-4230, USA
FEATURES Location/Qualifiers

source 1..5371
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/organism="Cloning vector pBAD-GFPuv”
/db_xref="taxon:50707"

gene complement (96. . 974)
/gene="araC”

CDS complement (96. . 974)
/gene="araC”
/note="PID: g455167”
/codon_start=1
/transl_table=11
/product="araC protein”
/protein_id="AAC53662. 1"
/db_xref="GI:1490532"
/translation="MAEAQNDPLLPGYSFNAHLVAGLTPIEANGYLDFFIDRPLGMKG
YILNLTIRGQGVVKNQGREFVCRPGDILLFPPGEIHHYGRHPEAREWYHQWVYFRPRA
YWHEWLNWPS IFANTGFFRPDEAHQPHFSDLFGQI INAGQGEGRYSELLAINLLEQLL
LRRMEATINESLHPPMDNRVREACQY ISDHLADSNFDTASVAQHVCLSPSRLSHLFRQQ
LGISVLSWREDQRISQAKLLLSTTRMPIATVGRNVGFDDQLYFSRVFKKCTGASPSEF
RAGCEEKVNDVAVKLS”

gene 1342. . 2061
/gene="gfpuv”

CDS 1342. . 2061
/gene="gfpuv”
/note="GFPuv is the GFP variant called ’cycle 3’ ; Allele:
AC2; green fluorescent protein variant”
/codon_start=1
/transl_table=11
/product="GFPuv”
/protein_id="AAC53663. 1"
/db_xref="GI:1490533"
/translation="MASKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLT
LKFICTTGKLPVPWPTLVTTFSYGVQCFSRYPDHMKRHDFFKSAMPEGYVQERT ISFK
DDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVY ITADKQKN
GIKANFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDH
MVLLEFVTAAGITHGMDELYK”
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gene

CDS

BASE COUNT

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841

atcgatgcat
tccgtcaage

ttcacttttt

1369 a

2636. . 3496

/gene="bla”

2636. . 3496

/gene="bla”

/function="confers resistance to ampicillin”

/codon_start=1

/transl_table=11

/product="beta-lactamase”
/protein_id="AAC53664. 17
/db_xref="GI1:1490534"

/translation="MSIQHFRVALIPFFAAFCLPVFAHPETLVKVKDAEDQLGARVGY
TELDLNSGKILESFRPEERFPMMSTFKVLLCGAVLSRVDAGQEQLGRRITHYSQNDLVE
YSPVTEKHLTDGMTVRELCSAATTMSDNTAANLLLTTIGGPKELTAFLHNMGDHVTRL
DRWEPELNEATPNDERDTTMPAAMATTLRKLLTGELLTLASRQQLIDWMEADKVAGPL
LRSALPAGWFIADKSGAGERGSRGITAALGPDGKPSRIVVIYTTGSQATMDERNRQIA
ETIGASLIKHW”

1368 ¢

aatgtgcctg
cgtcaattgt

cttcacaacc

1300 g

tcaaatggac
ctgattcgtt

ggcacggaac

1334 t

gaagcaggga

accaattatg

ttctgcaaac

acaacttgac

cctatgctac

ggctacatca

tcgeteggge

tggceeeggt

gcatttttta

aatacccgeg

agaaatagag

ttgatcgtca

aaaccaacat

tgcgaccgac

ggtggegata

ggcatccggg

tggtgctcaa

aagcagcttc

gcctggetga

tacgttggtc

ctcgecgecag

cttaagacgc

taatccctaa

ctgctggegg

aaaagatgtg

acagacgcga

cggcgacaag

caaacatgct

gtgcgacget

ggcgatatca

aaattgctgt

ctgccaggtg

atcgctgatg

tactgacaag

cctcgegtac

ccgattatcc

atcggtggat

ggagcgactc

gttaatcgect

tccatgecgece

gcagtaacaa

ttgctcaage

agatttatcg

ccagcagctc

cgaatagcgc

ccttecceett

gceeggegtt

aatgatttgce

ccaaacaggt

cgctgaaatg

cggetggtge

gcttcatccg

ggcgaaagaa

ccccgtattg

gcaaatattg

acggccagtt

aagccattca

tgccagtagg

cgcgeggacg

aaagtaaacc

cactggtgat

accattcgecg

agcctccgga

tgacgaccgt

agtgatgaat

ctctcctgge

gggaacagca

aaatatcacc

cggtcggcaa

acaaattctc

gtccctgatt

tttcaccacc

ccctgaccge

gaatggtgag

attgagaata

taacctttca

ttcccagegg

tcggtcgata

aaaaaatcga

gataaccgtt

ggcctcaatc
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901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
25621
2581
2641
2701
2761
2821
2881

ggcgttaaac ccgccaccag

atgggcatta

aacgagtatc

ccggcagcag gggatcattt

tgcgettcag ccatactttt

tgcatcagac attgccgtca
accccgectta ttaaaagcat

aacaaaagtg tctataatca

ctttgctatg ccatagcatt

tcgcaactct ctactgtttc

ctttaagaag

ccaattcttg

gagatataca

ttgaattaga

catactcccg
ctgegtettt
tctgtaacaa
cggcagaaaa
tttatccata
tccataccceg

tatggctagc

ccattcagag
tactggctct
agcgggacca
gtccacattg
agattagcgg
tttttttggg

aaaggagaag

aagaaaccaa ttgtccatat
tctcgetaac caaaccggta

aagccatgac aaaaacgcgt

attatttgca cggcgtcaca
atcctacctg acgettttta
ctagaaataa ttttgtttaa
aacttttcac tggagttgtc

tggtgatgtt

aatgggcaca

aattttctgt cagtggagag

ggtgaaggtg

atgctacata

cggaaagctt

acccttaaat

ttatttgcac tactggaaaa

ctacctgttc

catggccaac

acttgtcact

actttctctt

atggtgttca atgcttttcce

cgttatccgg

atcatatgaa

acggcatgac

tttttcaaga

gtgccatgee cgaaggttat

gtacaggaac

gcactatatc

tttcaaagat

gacgggaact

acaagacgcg tgctgaagtc

aagtttgaag

gtgataccct

tgttaatcgt

atcgagttaa

aaggtattga ttttaaagaa

gatggaaaca

ttctcggaca

caaactcgag

tacaactata

actcacacaa tgtatacatc

acggcagaca

aacaaaagaa

tggaatcaaa

gctaacttca

aaattcgcca caacattgaa

gatggatccg

ttcaactagc

agaccattat

caacaaaata

ctccaattgg cgatggccct

gtccttttac

cagacaacca

ttacctgtcg

acacaatctg

ccctttcgaa agatcccaac

gaaaagcgtg

accacatggt

ccttcttgag

tttgtaactg

ctgctgggat tacacatggce

atggatgagc

tctacaaata

atgaattcga

cctgcaggca
gattaaatca
ggtggtccca
tgtggggtee
gtgcaaagac
gacaaatccg
aggacgcccg
cctttttgeg
gctcatgaga

tattcaacat

tgcaagcttg
gaacgcagaa
cctgacccca
cccatgecgag
tgggeecttte
ccgggagegg
ccataaactg

tttctacaaa

gctgttttgg
gcggtctgat
tgcecgaactce
agtagggaac
gttttatctg
atttgaacgt
ccaggcatca

ctctttgttt

caataaccct gataaatgcet
ttccgtgtecg cccttattce

gctecggtacce
cggatgagag
aaaacagaat
agaagtgaaa
tgccaggcat
ttgtttgtcg
tgcgaagcaa
aattaagcag
atttttctaa
tcaataatat

cttttttgeg

cggggatcct ctagagtcga
aagattttca gcctgataca
ttgcetggeg gecagtagege
cgccgtageg ccgatggtag
caaataaaac gaaaggctca
gtgaacgctc tcctgagtag
cggececggag ggtggeggge
aaggccatcc tgacggatgg
atacattcaa atatgtatcc
tgaaaaagga agagtatgag
gcattttgee ttcctgtttt

tgctcaccca

gaaacgctgg tgaaagtaaa

agatgctgaa

gatcagttgg gtgcacgagt

gggttacatc

gaactggatc tcaacagcgg

taagatcctt

gagagttttc gccccgaaga

acgttttcca

atgatgagca cttttaaagt

tctgctatgt

ggcgeggtat tatcccgtgt

tgacgcecggg

caagagcaac tcggtcgccg

catacactat

tctcagaatg acttggttga
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2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921

gtactcacca

gtcacagaaa agcatcttac

ggatggcatg

acagtaagag

aattatgcag

tgctgccata

accatgagtg ataacactgc

ggccaactta

cttctgacaa

cgatcggagg

accgaaggag

ctaaccgctt ttttgcacaa

catgggggat

catgtaactc

gccttgateg

ttgggaaccg

gagctgaatg aagccatacc

aaacgacgag

cgtgacacca

cgatgcctge

agcaatggca

acaacgttgc gcaaactatt

aactggcgaa

ctacttactc

tagcttcccg

gcaacaatta

atagactgga tggaggcgga

taaagttgca

ggaccacttc

tgecgetegge

ccttcecgget

ggctggttta ttgctgataa

atctggagcc

ggtgagegtg

ggtctegegg

tatcattgca gcactggggec cagatggtaa gccctcccgt atcgtagtta tctacacgac
ggggagtcag gcaactatgg atgaacgaaa tagacagatc gctgagatag gtgcctcact

gattaagcat

tggtaactgt cagaccaagt ttactcatat

cgcectgtag
cacttgccag
tcgeeggett
ctttacggca
cgcectgata
tcttgttcca
ggattttgcece
cgaattttaa
gataatctca
gtagaaaaga
caaacaaaaa
ctttttccga
tagccgtagt
ctaatcctgt
tcaagacgat
cagcccagcet
gaaagcgcca
ggaacaggag
gtcgggtttce
agcctatgga
tttgctcaca
tttgagtgag
gaggaagegs

caccgcatat

cggcgcatta
cgccctageg
tcececegtceaa
cctecgacccee
gacggttttt
aactggaaca
gatttcggcece
caaaatatta
tgaccaaaat
tcaaaggatc
aaccaccgct
aggtaactgg
taggccacca
taccagtggce
agttaccgga
tggagcgaac
cgcttececga
agcgcacgag
gccacctctg
aaaacgccag
tgttctttce
ctgataccgc
aagagcgcct

ggtgcactct

agcgeggegg
cccgetectt
gctctaaatc
aaaaaacttg
cgcectttga
acactcaacc
tattggttaa
acgtttacaa
cccttaacgt
ttcttgagat
accagcggtg
cttcagcaga
cttcaagaac
tgctgecagt
taaggcgcag
gacctacacc
agggagaaag
ggagcttcca
acttgagcgt
caacgcggec
tgcgttatcce
tcgeegeage
gatgcggtat

cagtacaatc
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gtgtggtaggt
tcgetttett
gggggctecce
atttgggtga
cgttggagtc
ctatctcggg
aaaatgagct
tttaaaagga
gagttttcgt
ccttttttte
gtttgtttge
gcgcagatac
tctgtagcac
ggcgataagt
cggteggget
gaactgagat
gcggacaggt
gggggaaacg
cgatttttgt
tttttacggt
cctgattctg
cgaacgaccg
tttctectta

tgctctgatg

atactttaga
tacgcgcagce
ccetteettt
tttagggttc
tggttcacgt
cacgttcttt
ctattctttt
gatttaacaa
tctaggtgaa
tccactgage
tgcgegtaat
cggatcaaga
caaatactgt
cgcctacata
cgtgtcttac
gaacgggees
acctacagcg
atccggtaag
cctggtatct
gatgctcgtce
tcctggeett
tggataaccg
agcgcagega
cgcatctgtg

ccgcatagtt

ttgatttacg
gtgaccgcta
ctcgccacgt
cgatttagtg
agtgggccat
aatagtggac
gatttataag
aaatttaacg
gatccttttt
gtcagacccce
ctgetgettg
gctaccaact
ccttctagtg
cctecgetetg
cgggttggac
ttcgtgcaca
tgagctatga
cggeagggtce
ttatagtcct
aggggggcegs
ttgetggecet
tattaccgcce
gtcagtgagc
cggtatttca

aagccagtat



4981
5041
5101
5161
5221
5281

acactccgcet
ctgacgcgcce
tctcecgggag
aaggagatgg
caagcgctca

taggcgccag

atcgctacgt
ctgacgggcet
ctgcatgtgt
cgcccaacag
tgagcccgaa

caaccgcacce

gactgggtca
tgtctgetee
cagaggtttt
tceceecggee
gtggcgagece

tgtggcegeceg

tggectgegee
cggcatccge
caccgtcatc
acggggecetg
cgatcttccce

gtgatgcegg

ccgacaccceg
ttacagacaa
accgaaacgc
ccaccatacc
catcggtgat

ccacgatgcg

ccaacacccg
gctgtgaccg
gcgaggeage
cacgccgaaa
gtcggecgata

tccggegtag

5341 aggatctaat tctcatgttt
BANH TARRHMAE 1, T e =2 — A, FRRARKFITEE AR L TS,

gacagcttat c

FVT Vi
Crameri,A., Whitehorn,E.A., Tate,E. and Stemmer,W.P.
“Improved green fluorescent protein by molecular evolution using DNA

shuffling”Nat. Biotechnol. 14 (3), 315-319 (1996)

WcEs

“Improved green fluorescent protein by molecular evolution using DNA shuffling.”
Crameri A, Whitehorn EA, Tate E, Stemmer WP.

Affymax Research Institute, Palo Alto, CA 94304, USA.

Green fluorescent protein (GFP) has rapidly become a widely used reporter of gene regulation.
However, for many organisms, particularly eukaryotes, a stronger whole cell fluorescence signal is
desirable. We constructed a synthetic GFP gene with improved codon usage and performed
recursive cycles of DNA shuffling followed by screening for the brightest E. coli colonies. A visual
screen using UV light, rather than FACS selection, was used to avoid red—shifting the excitation
maximum. After 3 cycles of DNA shuffling, a mutant was obtained with a whole cell fluorescence
signal that was 45—fold greater than a standard, the commercially available Clontech plasmid pGFP.
The expression level in E. coli was unaltered at about 75% of total protein. The emission and
excitation maxima were also unchanged. Whereas in E. coli most of the wildtype GFP ends up in
inclusion bodies, unable to activate its chromophore, most of the mutant protein is soluble and
active. Three amino acid mutations appear to guide the mutant protein into the native folding
pathway rather than toward aggregation. Expressed in Chinese Hamster Ovary (CHO) cells, this
shuffled GFP mutant showed a 42—fold improvement over wildtype GFP sequence, and is easily
detected with UV light in a wide range of assays. The results demonstrate how molecular evolution

can solve a complex practical problem without needing to first identify which process is limiting.
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DNA shuffling can be combined with screening of a moderate number of mutants. We envision that
the combination of DNA shuffling and high throughput screening will be a powerful tool for the

optimization of many commercially important enzymes for which selections do not exist.

DNA >y 7V 7N E0ELIE GFP B3 BLLT GFP 1%, B EMOEIR RS-
AL BEWEDEIRE A AT D, GFP O AL, 65-67 FEOTI/ERICIVERSIN TS, —J7,
DNA 2y 7Y 7N I BIRS VB An F DI BLS M7 s R EEAS @V GEP (X, 99, 153, 163
FOT I/ BERDNEZ>TND,

- @A@Y
H .~ H
H OH

Hé
o ik

GFP 1%, 65-67 &7/ (Ser, Tyr, Gly) ICXVFAATERL . AR IV EOEER T T 5,

Phe99Ser
Met153 Thr

Val163Ala Fluorescence

Emmision

400 500
Wavelength (nm)

DNA 2w 7V TR0 AR LN DT I A 1385, (Phe99Ser, Met153 Thr, Vall63Ala)
CHEMAS DNA vy 7 U ZIZ 0Bz GFP 5 7RV F L7z GFP, Bk RS
DD EL EIIRES E U,
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10-2. pGLO 77 AR DNA DR

AU 0T 038D GFP 5 1% 5T pGLO 7 Z7AIK DNA 1f, i<l CEZ7 T4
R4 —pBR322 %#~N—RIZ{EGIVZ, Z2C, pBR322 7" Z7AIKN DNA H HIIKGH 7 TAIR
DNA 2B/ Z IZIVES V-, KIGE D7 AIRK DNA  pMBI, R1, R6.5 22545 % ori amp” tet"
DIV HEI, pBR312 2NFRELE -, 20 pBR312 735 pBR313 &% T T AIR DM H ek Bk
5 ZEICkY pBR322 MESLNZY, 2D pBR322 O tet” LUV B A IV IRE, araC FlSIE
pBAD 7'uE—H—%ffi AL, FITHESESNZ pBAD S U—A 58T 5P, pBAD 77 AINIC
GFP Bz 15V 7 /n—=7 U THEELS L7277 AIR DNA 23 pGLO Thd,

R6.5
a*’
O
amp’ .
0‘.‘
4
pBR312 pBR313
| pBR322
Mkbp J==> 0=> | g5kpp | "= |50, kbp
S
4 /

S
_ %\ \ﬁrac
. pBAD
~4.5 kbp
N \

@%—\
cDNA

m (o) oo

BAD promoter

235 3Lk

(1)pBR322: Bolivar F et. al.: ”Construction and characterization of new cloning vehicles. II. A
multipurpose cloning system.” Gene, 2, 95-113. (1977)

(2) pBAD: Guzman LM et. al.: “Tight regulation, modulation, and high—-level expression by vectors
containing the arabinose PBAD promoter.” J. Bacteriol., 177, 4121-4130. (1995)
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10-3. JEEEHAD) =R E DM B OV T
O 47 7V — L E IR
cDNA Z L I2BIE 747 7V —%AEL | FFEDBIR &2 ra—=2 T 3558, D EDTA
7 ZV—=DNAND, JIVEZLDan=—2{EbETAZ)—=0 T HMERHDH,
0.1-1 pg mRNA (polyA RNA)

AAAAA' A

AAA Adcip AAAAA®*-A
/AAAAA A

—AAAAA: A

5- AAAAA- - -A-3

Ve e ssse— susmn
AAAAA - -A-3'
TITIT -5

l DNA7R!) A5—+, RNase H. Ecoli DNAH —+t

wn

l Yoh—*O . FIREROE

5 o Bemy
‘ N A Dy 10 ng cDNA

KIBEADEA -

bl G e %-

cDNAS /4TS5 —

Yo Tr—x*: il BRI YA N FEo & B DNA
IR SH L 72~ A 2702 F WHEALO polyA RNA ZhPEHE L Tl B4 W TIA 7T
V—%AET 5, 747 7V —ERUZIT, 00D TRRARLT-D RN DNA &L, 7 /774
HifrL7ed, Z0XH570 80D DNA TRIGEZ BRI E | TELHRETE<Dan=—4F
HLHILIZIVAMDOIa— PRI == TR K7D, 2T, B ENEET 0D,
W AEE (KBHE) &7 4% — (FFAIR DNA) EOMAK DR 2B NI BT Ml
THEDENCIE T I LV E R R O @ O R e IO TERT 5, 7%, F25RI
W7 FAIR DNA EEE SN T-an=—8 it B L, 77 AIN DNA D1 ug THEERSND2
m=—4%% (colony forming unit: CFU) Ctigd 3, ZZTII_IH¥—LLTFFAIN DNA #HW =
BICERIALI=DS, T4 7 TV —ERUZIZ T 7 — V72 —E VD EB 0,

Bz 1E. pGLO FFAIR DNA 1v—7 () 10 uL. %9 0.8 pg) # T, TR S FZBR 51T -7~
LEIATL—F4720 190 HOan=— Bl S i=t 95, ZO%E ., IBEERH=RIT, 1.2x10° =2
/ug 7 T7AIR DNA ThH D,
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250 pL LB broth 510

: 250 pL TF soln. (E. coli)
uL
10 L pGLO soln. (0.8 pg

V)

TL—MBW-EDRE TL—h&EEYDTSAIRE

ey /
%XOB pg=0.16 ug

20 ug/250 L :1 /X7 )L

190 0

—_—— = 3
oTgog—= 1187 =1:2x10° g

TSZXZRDNA 1 pg HfzYnao=——#

OB B A== D I E

T —IYTDITHGAATE T FAIR DNA &EEan=—# ORI E RS E A2 RDDHZE
WCED, FTAT TV —DAI)—=2 T TlE, ZHOT Vv — e W T L ar=—%2EbE L b
N5, T T IR DS, 107~10° ffl/ u 77 AIK DNA Oz 7 Ml Ok 5
) & WD, REBRZ Z0LH572a BT U Millazb B W TEBRLIEG S Rfoan=—%1F
HEDHIZOICHERTTAIR DNA &I, 1/1,000 2> 1/100,000 T4 ¢e, X 16 OFIDOHETIL,
TR AN S AY 3.2x10° 22/pg 77 AIR DNA 7251F 30,000 =2/10 pg 77 AIR DNA THHDIZ
*U. RSN AN 3.2x10° 2 /ng 77 AR DNA 7251F 30,000 =2/0.1 pg 77 AIK DNA &7¢
%o ZOINEEHHFEO @ 2 v 7 o Mg Vi, ng BA20 DNA AHE UL
ATV == T A RETH D,

IR s (B 50 |2 D T B s B B D HE )

FERIZRA W= KIBE OO H T Z7AIN DNA ZHDIAATE KIGE B ENLBWOMEE THRET S
NEHEET HZEL ARETH D,
KIGE LT T AIR DNA ZALA TR O A RS R an=— 2 RS 52 & THEAATS
R R O KRG A HEE TE D, ZIBIBEEHT L — N Y 7= 0IAFE T2 B (B R (A +
IR DOIRELNT725) AL ALIAATE RIGE DI H E OFREDOBEE CT7ZAIN DNA %
A LTS (FEER S T2) KIGE DMELE T 20 HEE T&ED,
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250 L TF soln. (E. col)
250 pL LB broth 510 L
10 pL pGLO soln.

B /\ m
Fa—TJHRNEH
STL—MAMER

MERian=——%
TU—hRMEH

=T EEHIARE (%)

x100

AL TETF 2= T O RIGEE R Z — € BRI AFRIMEZHBRL %, UAEWEEZ S F20
EEHITAEA L 558 T 028 Can=—E0bF 2 — 7 NOEBEZFHE T2, F2—7 NOREEN
LT —MIRMUIE Bzt H L RE i an=— e i D LISV E RO E %
HES 2, TWEEHSEE 2 E 3 5L 77 AIR DNA 23 KIBEICEIA EN DM EITIRL Tk
WZEDNDND,

65



Bl 1. IPEE#R T L —hoan=—#—520 {#

2. AN F 2—T DFRARFDHOan=—%—x10": 389 {&, x 10°: 36 &
1, 28BI2 1 BOT ' — NI E L7 WL, 100 uL Thod,

T — b OEE AR T D,

HEZ Can=—#%HE TExH 7L —hT, x10%, x10° L& 2 b5,
(Er=—ENZ TV —NIar=— RS T & CHE T, Fo, an=—Hnbhenr L
—hOan=—%0% 10 fHLL T THY, BRI TS, )

FZ T,

389 A —x 10%:3.9 x 10°A

36 —x 10°: 3.6 x 10°H

DA MERBLFEY): 3.8 x 104E (7L —FD2E %)
TR L7 U, 520 B CTHHI LMD, TR HSEE 2R D D,

T EEHHERE (%) =5.2 x 102/3.8 x 10°=1.4 x 10*  (0.014%) ~72%,

10-4. Lysogeny Broth (LB) Bz iR sl 515

LB Biiix, HAECTED, Fpmnb HET 25 LSRR 255 ik RE AN T2 H1ERH 5,

*LB 550D 4, F5 - Salvador Edward Luria (1969 45/ — -~V [E 2 AE BB 5 B) fF9E % O Giuseppe
Bertani 2AFALT 77— OIS LT 1951 A5 L7272 Luria-Bertani EFEENDZEHH
2o

OS2 )51k

Bacto—trypton, Yeast extract (% DIFCO #18) NaCl GRIEE&F#%) . NaOH GRIZEHL) . BRI K%
MEL., TRLoEiE TR T 5,
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200 ml =H752X0

<« K 100 mL
<— Bacto-tryptone (DIFCO) 10¢g
<4— Yeast extract (DIFCO) 05¢g
<+— NaCl 10¢g

v
B
<— 10 M NaOH 10 ML
JE EXMRK 12¢
B

F—koL—TJ (121°C. 20%53)

"

LBEX it

HE:NaOH 1IN A 72 Th R, IRIREE A VER T 25 B I3 KM R EZTRINLA N,

QFRBLEE AR ORELS 20715

TR SR A : B AR LB BT 2 A= | F720% LB 2R T4 =) (100mLx50 £1)

LB Bl 2 A= ) 181 (2.5¢) IZAA L AZHKE LI K 100 mL 2N i@ #:% . 121°CT 20 4
WA —h L —7 IR E T 5,

Z OB

TN TN R A GRERERR) 30 mg/mL (BREK)
TIE ) —AL+) TIE =R GRERR) 200 mg/mILAAEAK)  (FE:DEIFAT)
TV —bTITAF I T — AN, T — MR, EOLIRKRESTHIER D,

10-5. A —h~7L—7 DA O E 515
O Wk (160°C ., 1-2 KEfE)
WARE g ., BT AE8 B OE WA,

BPS/3) T
KCEHD 5D, A4 HOWEREHE OB,
O A ik

0.22 um ORTED=PAENE—ATANL =28 TR ST D, A — 7L =712 b
RN 2 2 BV EME 2 & Tl O (BRIE) ICH WD,
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OH A
TF L AFHARTATELRLLIKE T D, BT NTTAT I 7L —K(RVAF L 0K =F
L) OIREN D, 8 OV TT I AF o780 %<1%, T ARE FE ST,

10-6. iz DNA FEBRIZB T L MEEEL XL T—F

TR 2 B BT FEEAEY DRI T b, 2T MR ERIELIL, R~
DA PIRASERNIE, BLOERICLL W CODMAED Z IR 2N e HIE
LTW5, 3720 b EEREBER 022 TR OMIEITEAL TWSHE, BIZiI oL — M4
R CWDHE DAL ZI% BT DI E B EA 35, WIRMEYEZ RO 61, FBRARDIMNT
RA2 W EZ T DRERD D,

—J7. DNA-RNAZEOHH L& O MEERIEIL, DNA-RNADOZ EMEIZBED L DNA S il &
(DNase) R°RN A/ fif % F (RNase) 72 & ORI 5y fif 5% (X717 = :Nuclease) D EBR R ~DIR
Az EZENAIITHD, ZOTDRICEEEBRETHOMEN O HOF D 5E L DNARNA H
DIWNDYETITH B RN 2D,

XL T =B, M0 T B, K, BITIXERE ORI OBIR AT 5, 22
T EMT 8 EEIT 2T — ML —7 (REAK) IRE L, 512 EDTA (DNase D565) 728 D
EHNEZIMZ D, £, HERCTTFOIRAZBA T2 IR PIUTIR U~ A7 0 PR &35 95,

DNA-RNA ZEWEHEBRTYH, A — L — 7 HRE S RO EWRE 17720720 #EB R
IR DO BEE B TS, L, BIIZE-72K 85, bhAA EMRar 234
X, ZOBAEM LRIV T -ERa T HZELHV LD T, WiE BRECHMED RS D
ZEHMETHD,

BB R G e IR DRI R, A — ML — W T 520 B IE RN S5 %
7201 0.22~0.45 p m FREDRT YA X%b DT 4V F— TRz 8L, TR (EREIEBRE) 3
5 (DB , ZDO T ETIE, X730 Tihd DNA S fiflEsE<° RNA 7 fRlgsi%, 744 —%
W TLEIZ, DNA-RNA 2O GAITITAE R TIER,

DNA*RNA fliHi CHWAEERIT, mE 72t 0 Wbl IcA — L — TR LT iR iR
(R, CEDIET XL T-BDIRNEHNTH T3,

10-7. FEBRIZHWDKIZOWT

CI7KE (B K BeANC Lo a B OB - FOBHFAS SEHEE I SE DU o i B B 0 KB 1
Fo THIEIHAGEIN TR TKERNEHL TS, SR OUFIZHWDN, gtk o33
TN, ZOHROEBRTHNDL LD KE WD,

OAA > K - A K (R B DORE R | AL FEBR) KB KINSA A AR IR 12k
VAT U DRESNTIZAK TS, MgRCatF i8S & ENLMKE HODEIE, ZABEL TbAA
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VASHARIR A B L TIED D3, BHIR DB EBLT D, B Tl A — ML —TE L THW,
DA K A OB ALFEFERR) A4 23K AKEKEZ - RALL RS A B EIT5
ZETHELIK, BB TIE, A— ML —7REL THWS, IEHUE: 1~3MQ -em P FRLEE,
Ot (Zo /7B T L8R BhMilass 28 Ab57328%) :Reverse osmosis(RO)BEALEE, MilliQ
PEIE AL R ALBR | A L ARSI O i EE W TAA 2R EL RIEHUTE 1~10M Q -cm
OFLEEDKDZ LN,
O#E#HiA (DNA 7a—= 7 KB, VMM OB ) A4 2 A st g AL EL | T 1 B¢ AL |
Reverse osmosis(ROMEALER S A0 2 Ao THULELS =K, HeHHTE 1TM Q -em WP L L,
B HIRPUEO M CHHEERTRTIELHD MQ cm) ! = pS/cm

#H#x DNA B Ot 3D RIGE R EMEE D553 Tid, AEKIZEEND CL R Fe REDA
AL EBYERE A=t —FRE T BAA L K ER B K TI ThD, BIYHIL-CHE Hi
PR L AT FE AL TREICE ENDA W /2L O EAEZ TR0\ OB TIIMUK £ 348 4
IKERE LT 5, #l#ix DNAFEER CTHUYS DNase X° RNase Free (G £720)) I EF KIL.
9000 /500 mL £ T H AR — 2 728K A= I —D O RSV TV D,
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