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Stanford Univ.
advanced placement (AP)

1980

1990
“DNA SCIENCE”
DNA NIH

1995
DNA SCIENCE ™ National Science Education Standards”
Standard Standard

DNA
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- “Biotechnology Explorer”

- ’Biotechnology
Explorer Kits & Curriculum” Bio-Rad laboratories
1 Stanford
Bio-Rad laboratories Ron
Mardigian advanced placement (AP)

“Biotechnology Explorer Kits & Curriculum”

Kit DNA
GLO Bacteria Transformation kit

Kit DNA

Green Fluorescent Protein Chromatography kit
Kit DNA

Analysis of Precut Lamda DNA kit_
Kit DNA

Restriction Digestion & Analysis of Precut Landa DNA kit
Kit  DNA

DNA Fingerprinting kit
Kit DNA

Secrets of the Rain Forest kit
Kit

Size Exdusion Chromatography
Kit 8 PCR DNA
PV92 PCR/Informtics kit

Kit 9

Protein Fingerprinting kit
Kit 10 DNA
Genes in a Bottle kit

Kit 11

ELISA ImmunoExplorer kit
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Secrets of the Rai nforest Kit

DNA
GenesinaBottleK it pGLO Becterid Transformation Kit

DNA Fingerprinting K it Green Fluorescent Protein Chromatography Kit

PV92 RCR | Informatics Kit
Chromosome 8 PCR Kit

Analyss of Precut Lambda DNA Kit
Restriction Digestion

and A nalysis of Lambda DN A Kit

Protein Fingerprinting Kit
Size Exclusion Chromaography Kit
ELISA Immuno Explore Kit

AP

Biotechnology Explorer
Biotechnology Explorer Kit 1 DNA
pGLO Biotechnology Explorer Kit 1
) Bio-Rad laboratories
http//explorer.bio-rad.com
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p. 11-12
p.13-15
p. 15-1
p.1-2
p.5-10
p.18-21
p.50-68
A B
D E F DNA
lesson
Lesson 1 p.3 -34
Lesson 2 p. 35-41
Lesson 3 p.42-45
Lesson 4 p 46-49
lesson p.22-30
- 50 X
Lesson 1 p.31-34
5
DNA
DNA
DNA>RNA> >
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Lesson 2 p.35-41

pGLO
Lesson 3 p. 42-45
Lesson 4 p. 45-48
DNA
DNA
DNA
DNA
DNA
DNA 2
MALDI TOF MS NMR
DNA DNA
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DNA
Biotechnology Explorer green fluorescent
protein: GFP DNA
GFP GFP
DNA DNA
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cDNA library
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DNA/RNA - PCR -
DNA
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2 ) GC DNA
DNA

16



5"

DNA
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DNA
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1 base pair (bp
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© ——————————————————————
5" AT GACGGAAT ATAAGLT GGl GGTGGT GBGGCCE CGa
DNA 1 JACTGCCTTATAT T GGACOACCACCAQCCEEGGOAGCA

=
‘ (transcription)
RN A 5.AUGACCGAALAUAAGCU3GUGBUGGJGGG:GCEGUCGGU

‘ (translation)
HaN Met Thr Glu Tyr Lys Leu Val Val Val Gly Ala Val Gly COOH
H2
DNA RNA RNA RNA RNA
T U RNA
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 Gin Arg A

Leu Pro Gln Arg G

lle Thr Asn Ser U

A lle Thr Asn Ser C

lle Thr Lys Arg A

Met Thr Lys Arg G

Vva Ala Asp Gly U

G va Ala Asp Gly C

Vva Ala Glu Gly A

Val Ala Glu Gly G

DNA A G C, T 3 1 ( ) RNA
( RNA AGCU )

18



DNA DNA DNA
DNA
cDNA DNA
DNA DNA DNA
DNA DNA
DNA DNA
DNA
DNA cDNA
CD — e — —
DNA *
\ *
( ' lDNA
L——> DNA
DNA DNA
DNA
DNA DNA
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DNA DNA
(endonuclease) DNA

: DNase

(restriction endonuclease)

100
Eco RI . . .
(Eschericia coli.)
Bam HI . .
(Bacillus amylolique faciens)
Alu |
(Arthrobacter luteus)
Not | L .
(Nocardia ofitidis-caviarum)
Bst Ell
(Bacillus stearothermophilus ET
Pst | ) N
(Providencia stuertii)
4 6 8
(palindorome)
2 1 2
5 3 (cohesive end)
2 DNA 3'-OH 5'-
DNA ONA ligase

20

DNA

(exonuclease)

1,000

5GIAATTC3
3'CTTAA|G S
5GIGATCC3
3CCTAGGYS

56AGICT3
3'TCGAS

FGCFGCCGC3

3'CGC_C_C?G'ICG 5'

55GGTNACC3
3'CCANTG|GS

5CTG CAI33'
3'GIACGTCE'

(blant end)

) DNA



- Green

GFP

GFP

GFP

DNA TADNA
56 AATTC3Z 5GAATTC3Z
FCTTAA + cs — > 3CTTAACS
5'AG cT3 5AGCT3
3TC T Gas ™ 37coas
8
5 o
) o p=O
o B b
P H "
K | > 3IOH H
'o-g-o H < +
o N
H2C i
FoH 1 " ATP SZC
3 Mg2+ H H
+ H,0 3‘OH )
DNA
T4 DNA
ATP
Fluorescent Protein (GFP)
Aequorea victoria A
GFP
GFP
GFP

27kDa 27000
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E=Nhc/A_

E A nm N 6.02x1023 h 1.58x10-37 kcal/mol ¢ 3x108 m/s

B

v

GFP
A B Cc
-7 pGLO
pGLO GFP
B — Bla DNA
DNA GFP
PsAD PBAD Ara C Ara C
5371 bp DNA DNA
DNA
RNA -
B — B lactamase Beta lactamase — ampkillinase
B - Bla

ori
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PGLO

GFP GFP GFP: GFP
AraC AraC Ara AraC

GLO DNA
p plasmid G GFP L  Lactamase O: ori
pGLO
p-glow
(glow) Ron Mardigian (Bio-Rad laboratories)
- Ampidillin - - B lactamase
B
D-
D- -D-
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D-alanyl-D-alanine

HsC

F\rN H

H 0
O HsC \\\

DNA B - Bla
pGLO
DNA DNA
DNA
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- pGLO DNA
(Transformation)

GFP pGLO
GFP Beta-lactamase
Beta-lactamase

GFP
GFP

Beta-lactamase

e >
.,.n:__Green fluorescent protein |
ws Beta-lactamase=Ampicillinase=
) O
s=w> GFP "araC" i
PBaD 1"“-5“
GLO DNA
DNA pGLO
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araB L-ribulose kinase , araA L-arabinose isomerase , araD
L-ribulose 5-phosphate isomerase PBAD
3

L-ribulose kinase (araB)

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

L-arabinose isomerase (araA) L-ribulose 5-phosphate isomerase (araD)
AraC
AraC P RNA
AraC PBAD
Peab  RNA
AraC araB, araA, araD
PBAD

PeAD araB |—| araA |—| araD I—

O RNA polymerase rna
—
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pGLO araB, araA, araD GFP
GFP AraC
pGLO DNA
GFP

[cep |
araC I GFP |

‘ O L-arabinose

PBAD |y
_@}D =
O RNA polymerase Rrna

GFP

pGLO DNA GFP

PBAD - GFP
GFP
RNA —
GFP
GFP
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GFP
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DNA
50mM CaCl2
competent cell
DNA DNA
42

50 mM CaClI2

Ca* DNA

DNA
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DNA

CaCl

DNA

CaCl2

DNA
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DNA

DNA
DNA

DNase

DNase

DNA
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DNA

DNA

Biotechnology Explorer Kit 1

DNA Mg?*

EDTA

DNA

DNase

pGLO
) Bio-Rad laboratories
8
1 4
42

42 42

30

DNase

16

DNA

No.166-0003JEDU
http//explorer bio-rad.com
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37
24 48

366 nm

HB101

LB 1 Lb/amp 2 LB/amp/ara 1
Transformation buffer: ”Bu”
LB Luria-Bertemi
DNA

31

S

08
08 ml



121 20
500 ml 500 ml
- 200 ml - 300 ml
<«— LB/ 749 <+ LB/ 105 g
\ |
121 20 121 20
: }
LB 1
6 60
PR
LB/amp 16 -
—
LB/amp/ara 8
121 15-20

60

LB Lb/amp LB/amp/ara
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Iml -30mg/ml
3ml -200 mg/ml

Bu DNA pGLO LB LB
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pGLO DNA 250p 1 80y o/ml

250p
° DNA 60p I/1 -2 1
250y /
DNA
60p |
° Transformation buffer: ”Bu” 08 /1
e LB Luria-Bertemi 0.8 ml/1
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37 16 20
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Bio-Rad laboratories AP
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LBl , LB/amp2 , LB/amp/aral
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DNA

DNA DNase
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+DNA, -DNA
+DNA, -DNA
\
5
HB101 1
+DNA, -DNA
DNA 1
+DNA
\
10

24

+DNA —DI:IA
o 250 p |
o
e
Sl
2 I ™
0w = T"
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" :
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Ve . en
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=T e
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PV +DNA
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42 Ef 42 50
2
“ho 250 |
S
LB broth 250 | = o -
v i - L
10 +DNA  -DNA
v
100 p |
i hens

37
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DNase
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o LB-broth o

26
1
100p | 1 ml 26

16 20

27
27

27

27
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27 27

CaCl2

crushed ice

(Crushed ice)
28A 28B
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DNA
DNA DNA
29 0pl 08u g
DNA 20p ¢/250p 1 0.8u g/10p |

29 DNA

DNA 42

30

30

44



LB broth

B lactamase AraC
GFP
DNA
LB
amp+ ara-
Biotechnology Explorer 50

LB/amp, LB/amp/ara

366 nm
pGLO GFP 380 nm
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AraC

+DNA,



254 nm

8 2
8 AB 2
b
4x(a b)
4
+DNA, LB/amp/ara
GFP DNA
GFP
GFP
+DNA LB/amp vs LB/amp/ara
DNA

46
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PeaD

PBaAD

--DNA LB

—+DNA LB/amp

- LB/amp

—+DNA LB/amp

/yg
Transformation

CaCl2
10°

araC araC
RNA PBAD GFP 13
ON/ OFF GFP
RNA 14
vs LB/amp/ara
+DNA vs -DNA
ON/ OFF
vs LB/amp/ara
DNA 1pu g
1008 /g DNA
/ ug DNA
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+DNA +DNA =DNA =-DNA

LB/amp/ LB/amp/ara LB/amp LB
L J L J
+DNA -DNA
pGLO pGLO
DNA
31
amp ampicilline ara arabinose DNA plasmid
E. coli K12 HB101 LB LB
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GFP

+DNA, LB/amp

32

+ara

32 GFP

121 20 33
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50
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DNA MRNA GFP

o DNA UV DNA
o GFP
GFP
o GFP
GFP
GFP
(o]
DNA % DNA
Single nucleotide polymomhisms: SNPs DNA 01
ALDH?2
SNP
DNA
Biotechnology Explorer
pGLO GFP
ON OFF
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o GFP uv

DNA

DNA
DNA

GFP
Biotechnology Explorer Kit 2

GFP

GFP

DNA

DNA pGLO

GFP
GFP
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ISBN 4-89706-637-9

ISBN 4-7655-02384

Q&A
ISBN4-89706-659-X
DNA
Q&A
/ /

2002 ISBN 4-89706-285-3

DNA

DNA Biotechnology Explorer

53

DNA

2002

DNA
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Sambrook and Russell : “Molecular cloning A loboratory manual” 3rd ed.
1 Maniatis et al

1980 3
GFP

Cold Spring Harbor Laboratory press 2001 ISBN0-87969-577-3
URL.: http//www.MolecularCloning.com

2003

"o
H
E
0
I =
il
. 4
3

Campbell N. A. :”Biology” 4" edition The Benjamin/Cummings Publishing Company Inc.
Menlo Park CA 1996 ISBN 0-8053-1957-3

Greenberg J ed “BSCS Biology A molecular approach” 8" edition Everyday Leming
Corporation Chicago, IL 2001 ISBN 0-538-69039-9

Leonard W. H. and Penick J. E.: “Biology A community context” South-Westem
Educational Publishing Cincinnati, OH 1998 ISBN 0-538-65208

Laboratory Manual “Biology:The Dynamic of Life” The McGraw-Hill company

ISBN 0-02-828251-5
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- URL
NCBI GenBank http://www .nchi.nlm.nih.gow/ GenBank
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Biotechnology Explorer http://explorerbio-rad.com
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- DNA

20000-25000

56

o 1
Haploid 1 Diploid 2
DNA DNA 4 G
C T 22 1
23 1 30
1 1 2
60
gene+chromosome=genome
DNA genomic DNA DNA
DNA DNA MRNA
DNA MRNA cDNA
o DNA 71 1
n o 1 ”»
Altemative splicing
Post translational modification
DNA
(exon) (intron)
MRNA
30 2
1999
22 1 545
1) 2000
21 22 1 225
) 2000 6 26
2001 2 "Nature" 10
3 @) 2003 4 14
32,615 DNA 2005



o DNA nucleoside
nucleoside
A G C T DNA

A TG C
G-C 3 A-T 2

DNA
(1) Dunham, I. etal.: *The DNA sequence of human chromosome 22": Nature, 402 : 489-495, 1999
(2) HattorM. etal.: "The DNA sequence of human chromosome 21": Nature, 403: 311-319, 2000
(3) International Human Genome Sequencing Consortium: “Initial sequencing and analysis of the human genome": Nature, 409:
860-921, 2001
International Human Genome Sequencing Consortium: ** Finishing the euchromatic sequence of the human genome.": Nature,

431:931-945, 2004

pGLO
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SNPs
SNPs Single Nudeotide Polymorphisms 1
500-1000 1
300 DNA 0.1 DNA
STR(Short tandem repeats 3-5 )
VNTR(Variable number of tandem reperats ) SNP
1 A G
1 SNP
SNPs cSNPs (codingSNPs
SNPs), rSNPs (regulatorySNPs SNPs), gSNPs (genomeSNPs
DNA SNPs) cSNPs  rSNPs
ALDH Acetoaldehyde
dehydrogenase
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y { SNPs STR VNTR

SNPs STR VNTR
SNPs

DNA

DNA

-DNA ﬂ |
o s s - O

DNA .

—
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RasMol
GFP GFP

RasMol Windows

e}

http/ /www .umass.edu/microbio/ rasmol/getras htm  Windows 95, 98

http/ /www bemstein-plus-sons.com  Windows XP

S —

RasMol
O
http//www.genome.ad jp/
PDB
GFP green fluorescent protein
m =
1EMA GFP
Entire PDB file
o 3
PDB RasMol

60

Cn3D
RasMol



option

shift
shift option
“Display”
”Ribbons”
”Ball & Stick”
“Wireframe” ”Backbone” ”Sticks”
"Ball & Stick” ”Ribbons™
GFP 65-67 cro
RasMol Command line
RasMol> select cro
22 atoms selected!
RasMol> colour green
“Display”  “Spacefill”
Cn3D
Cn3D NCBI NCBI
ASN.1
o Cn3D

http/ /www ncbi.nim.nih.gow/Structure/CN3D/ cn3d shtml

61
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Cn3D

(@]
http//www .nchi.nlm.nih.gow/
NCBI search: Structure -

GFP green fluorescent protein

1EMA

View 3D structure
PC Cn D

- pGLO

GenBank data

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

1: U62637 Cloning vector PubMed, Protein, Related Sequences, Taxonomy
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pBAD-GFPuv,
complete sequence
LOCUS  CW62637 5371 bp DNA SYN 14-AUG-1996
DEFINITION Cloning vector pBAD-GFPuv, complete sequence.
ACCESSION  U62637
VERSION 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., Whitehom,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
/organism="Cloning vector pBAD-GFPuv"
/db_xref="taxon:50707"

gene comp lement(96. . 974)
/gene="araC"

CDS comp lement(96..974)
/gene="araC"

/note="PID: g455167"
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CDS

CDS

/codon_start=1

/transl_table=11

/product="araC protein"

/protein_id="AAC53662.1"

/do_xref="Gl :1490532"
/translation="MAEAQNDPLLPGYSFNAHLVAGLTPIEANGYLDFFIDRPLGMKG

Y ILNL TIRGQGVVKNQGREFVCRPGDILL FPPGE IHHYGRHPEAREWYHQWVY FRPRA

YWHEWLNWPSIFANTG FFRP DEAHQPHF SDLFGQI I NAGQGEGRYSEL LAINLLEQLL
LRRMEAINESLHPPMDNRVREACQY ISDHLAD SNFD IASVAQHVCLSPSRLSHLFRQQ
LGISVLSWREDQRISQAKLLLSTTRMPI ATVGRNVGFDDQLYFSRVFKKCTGASPSEF
RAGCEEKVNDVAVKLS"

1342..2061

/gene="gfpwv"

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="MASKGEELFTGVVP ILVELDGDVNGHKFSVSGEGEGDATYGKLT
LKFI CTTGKLPVPWPTLVTT FSYGVQCF SRYP DHVK RHDF FKSAMPEG YVQERTISFK
DDGN YKTRAEVK FEGD TLVNRIELKGIDFKEDGNIL GHKLEYNYNSHNVY ITADKQKN
GIKANFKTRHNTEDGSVQLADHYQQNTP IGDGPVLLPDNHYLST QSAL SKDPNEKRDH
MVLLEFVTAAGI THGMDELYK'™

2636..3496

/gene="bla"

2636 ..3496

/gene="bla"

/function="confers resistance to ampicillin"
/codon_start=1

/transl_table=11
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/product="beta-lactamase"

/protein_id="AAC53664.1"

/do_xref="Gl :1490534"
/translation="MS IQHFRVAL IPFFAAFCLPVFAHPE TLVKVKDAEDQL GARVGY
IELDLNSGKILE SFRPEERFPMMS TFKV LLCGAVLSRVDAGQEQLGRR IHYSQNDL VE
YSPVTEKHLTDGMTVRELCSAAITMSDNTAANLLLT TIGGPKEL TAFLHNMGDHVTRL
DRWEPELNEAIPNDERDTTMPAAMATTLRKLL TGEL LTLASRQQL IDWMEADKVAGPL
LRSALPAGWFIADKSGAGERGSRG I 1AALGPDGKPSRIVV IYTT GSQATMDERNRQ IA
EIGASLIKHW"

BASE COUNT 1369 a 1368 c 1300 g 1334t
ORIGIN
1 atcgatgcat aatgtgcctg tcaaatggac gaagcaggga ttctgcaaac cctatgctac

61 tccgtcaagc cgtcaattgt ctgattcgtt accaatwm

181 amwmmtm asaccascat tycgacoac gytopeqetn

241, ggeatooqy tygtycicen asgoaette goctjgetga taojtite ctoojeceg
301 cttaagacgc taatccctaa ctgctpgegg & : acas
361 w_mmm mttmt ctmm
421 tactgacasg cctegegtac ccgatiatee ateggtpgat ggagege Jttaatce

481 tocatgegee geagtaacea ttcteaage agatttateg ccageagetc cgeatagoge
541 ccttcccctt geceggegtt aatgatttge ccasacaggt cgctgaaatg cgactggtace
601 getteatecy gocgasagan ceccgtatty geasatattg acgoceagtt aagecattea
661 w asagtasacc cactggtpat accattcgeg agecteegga
721 tgacge : jgaacagca aaatatcacc cggteggeaa
781 acaaattctc gtncc'tuatt tttcaccacc coctuamgc gaatggtgag attgagaata
841 teacctttca ttoccagegy tegategata asasaatcpa gateacogtt gycctcaatc
901 goegttasac ccgecaccag atggeatta aacgagtatc ccogcageag gogatcattt
961 tgcgetteag ccatactttt catactcccyg ccattcagag aagaaaccaa ttgtccatat
1021 tgcatcagac attgccgtca ctgegtcttt tactggctct tctcgctaac caaaccggta
1081 accccgctta ttaaaagcat tctgtaacaa agcgggacca aagcosigne asesscgegt
1141 aacasasgly frtataatca cggcagaaaa gtccacattg attatttgca cggcgtcaca
1201 ctttgctatg ccatagcatt tttatccata agattagcgg atcctacctg acgetittia

1261 tgeaactrt ciactgitic tccatacccg tttttttggy ctagaaataa ttttgtttaa
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1321

1441 as : ggasagett acccttasat ttattigcac tactpgassa
1501 c'lnoctgttc mw&mmmamam
1561 cgttatcegg atcatatpaa acggcaty ccan
1621 gtacaggasc geactatatc BAA0 : As
1681 saqttigasg gigatacoct tottastoqt atogagtias aamtauna prev—
1741 gatgganaca ttcteggaca caaactegag tacaactata actcacacaa tgtatacatc
1801 acggcagaca aacasaagaa tggaatcasa gctaacttca aaattcgeca caacattpea
1861 gatggatccg ttcaactagc agaccattat caacassata ctccaatiyg cgatpgeect
1921 gtecttttac cagacaacca ttaccigteg acacaatctg ccctttcgaa agatceccaac
1981 geaaagegty accacatpgt ccttcttgeg tttgtaactg ctoctgggat tacacatgne
2041 atpgatgagce tctacasata atgaattcga gctcggtacc cggggatcct ctagagtcga

2101
2161
2221
2281
2341
2401
2461
2521
2581
2641

cctgcaggea
gattaaatca
ggtggtccca
tgtggggtec
gtgcaaagac
gacaaatccy
aggacgcccy
cctttttgey
gctcatgaga

tgcaagctty gctgttttgg cggatgagag
gaacgcagaa gcggtctgat aaaacagaat
cctgacccca tgecgaactc agaagtgaaa
cccatgegag agtagggaac tgccaggeat
tgggcctttc gttttatcty ttgtttgteg
ccgggagegy atttgaacgt tgcgaagcaa
ccataaacty ccaggcatca aattaagcag
tttctacaaa ctctttgttt attttictaa
caataaccet gatasatgct tcaataatat

aagattttca
ttgcctggey
cgccgtagey
caaataaaac
gtgaacgctc
cggcecggag
aaggccatcc
atacattcaa
tgaaaaagga

gcctgataca
gcagtagcgc
ccgatggtag
gaaaggctca
tcctgagtag
ggtggcgggce
tgacggatgg
atatgtatcc
agag tatgag

tattcaacat tlmgggg cecttattee cttttttpgg_gcattttgcc ttwtgtttt
tcteaccea gaes » ;

2701
tmmmtmamtwgtmm

2761

ytttte gcocogm
2871 acyttttooa atgatpegea ctittasagt totgctatyt guocogtat tatoocgtyt

7551, GACIOONE caagaguasc Eooico) CAIECACtat totvajesty actigtis
2041 gtactcacca gtcacagaaa ageatcttac ggatpgcs

3001 tgctpecata accatgagty ainamctgc_ggocaactta Gttctw ogm
3061 accgeeqgeq cteacojctt tittgeaces CatggUat catgtancto gootigatry
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3361 mtcattmcactmgc cagatpgtaa gecctecegt atcgtagtta totacacgac
aacgasa tagacagatc getgagatag gtgectcact

3481 Mctgt cagaccaagt ttactcatat

3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341

cgccectgtag
cacttgccag
tcgecggcett
ctttacggca
cgccctgata
tcttgttcca
ggattttgee
cgaattttaa
gataatctca
gtagaaaaga
caaacaaaaa
ctttttccga
tagccgtagt
ctaatcctgt
tcaagacgat
cagcccaget
gaaagcgcca
ggaacaggag
gtcgggt ttc
agcctatgga
tttgctcaca
tttgagtgag
gaggaagcyy
caccgcatat
acactccgct
ctgacgcgee
tcteegggag
aaggagatgg
caagcgctca
taggcgcecag
aggatctaat

cggcgeatta agegegacgg gtgtggtggt
cgcectageg cecgetectt tegetttett
tccecgtcaa getctaaatc gggggeteec
cctcgaccec aaaaaacttg atttgggtga
gacggttttt cgecctttga cgttggagtc
aactggaaca acactcaacc ctatctcggg
gatttcggec tattggttaa aaaatgagct
caaaatatta acgtttacaa tttaaaagga
tgaccaaaat cccttaacgt gagttttcgt
tcaaaggatc ttcttgagat cctttttttc
aaccaccgct accagcggtg gtttgtttge
aggtaactgg cttcagcaga gcgcagatac
taggccacca cttcaagaac tctgtageac
taccagtggc tgctgccagt ggcgataagt
agttaccgga taaggcgcag cggtcgggct
tggagcgaac gacctacacc gaactgagat
cgctteeccga agggagaaag geggacaggt
agcgcacgag ggagcttcca gggggaaacy
gccacctcty acttgagegt cgatttttgt
aaaacgccag caacgcggec tttttacggt
tgttctttec tgegttatce cctgattctg
ctgataccgc tcgccgeage cgaacgaccy
aagagcgcct gatgecggtat tttctcctta
ggtgcactct cagtacaatc tgctctgatg
atcgctacgt gactgggtca tggctgcgec
ctgacgggct tgtctgetce cggeatcege
ctgcatgtgt cagaggtttt caccgtcatc
cgcccaacag tccceceggec acggggcctg
tgagccegaa gtggecgagee cgatcttecc
caaccgcacc tgtggcgecg gtgatgeegg
tctcatgttt gacagcttat c
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atactttaga
tacgcgcage
cccttecttt
tttagggttc
tggttcacgt
cacgttcttt
ctattctttt
gatttaacaa
tctaggtgaa
tccactgage
tgcgegtaat
cggatcaaga
caaatactgt
cgcctacata
cgtgtcttac
gaacgggggg
acctacagcg
atccggtaag
cctggtatct
gatgctcgtc
tectggectt
tggataaccy
agcgcagcga
cgcatctgty
ccgcatagtt
ccgacacccy
ttacagacaa
accgaaacgc
ccaccatacc
catcggtgat
ccacgatgcy

ttgatttacy
gtgaccgcta
ctcgecacgt
cgatttagty
agtgggccat
aatagtggac
gatttataag
aaatttaacy
gatccttttt
gtcagacccc
ctgctgctty
gctaccaact
ccttctagty
cctegetety
cgggttggac
ttcgtgcaca
tgagctatga
cggcagggtc
ttatagtcct
aggggggcyy
ttgctggect
tattaccgcc
gtcagtgagc
cggtatttca
aagccagtat
ccaacacccy
gctgtgaccy
gcgaggeage
cacgccgaaa
gtcggcgata
tccggegtag



Crameri,A., Whitehorn E.A., TateE. and Stemmer W.P.
“Improved green fluorescent protein by molecular evolution using DNA
shuffling””Nat. Biotechnol. 14 (3), 315-319 (1996)

“Improved green fluorescent protein by molecular evolution using DNA shuffling.”
Crameri A, Whitehom 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 awid red-shiftng 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 kewel 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. 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 sekections do not exist.

DNA GFP GFP

GFP 65-67
DNA GFP 99 153 163
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DNA Cl Fe
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DNA RNA
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- pGLO DNA

GFP pGLO DNA
pBR322 pBR322 DNA DNA
DNA pMBl1 Rl R65 ori amp" tet'
pBR312 pBR312  pBR313
pBR322 1 pBR322  tet’ araC pBAD
pBAD 2 pBAD GFP
DNA pGLO
R6.5

*

“
R1 pSC101
‘ampr tet”

. o l
‘e e

pBR313

~9.5 kbp

4.4 kbp
f
4 —
4
! pBAD
~4.5 kbp
@\ BAD promoter
cDNA

$
z,“é i ~ *rac ‘h!
pGLO clone
# ~5.4 kbp GFP

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

2 pBAD: Guzman LM et. a.: “Tight regulation, modulation, and high-level expression by
vectors containing the arabinose PBAD promoter.” J. Bacteriol., 177, 4121-4130. (1995)
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