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Key Benefits of the Gateway® Technolog

Efficiently and easily shuttle insert DNA from one expression plasmid to another

Simplify the cloning workflow and save time

Create expression clones without using restriction enzymes and ligase

Utilize ORF clones, a pre-made Gateway® collection

Simultaneously clone, in a specific order and orientation, up to 4 DNA fragments
into one plasmid

© Invitrogen



Gateway® Technology : Overvie

DNA Fragments from:

Restriction Endonuclease
Digestion and Ligation

cDNA
PCR Library

C-terminal
fusion

N-terminal
fusion

Gene

Gene

Your vector

Gene

att

Baculovirus Two-hybrid

Gene

Gene

att att Mammalian

Gene
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Phage lambda recombination in E. ca

Phage 1

E. coli

BP-Reaction

Lysogen

cos

attP
The Gateway® System
232 bp
relies on five sets of
X specific and non cross-
attB
LL 5 N LL ting att
77 - 77 reacting att sequences

LR-Reaction

Integration Excision
(Int, IHF) (Int, IHF, Xis)
attL attR
A f—
96 bp 157 bp

© Invitrogen



Characteristics of the Modified att Sit

Site Length Found in...

attB 25 bp Expression vector
Expression clone

attP 200 bp Donor vector

attL 100 bp Entry vector
Entry clone

attR 125 bp Destination vector

Specificity:

e ttB1 sites react only with attP1 sites

o ttB2 sites react only with attP2 sites

e attL1] sites react only with attR1 sites

o attL2 sites react only with attR2 sites

© Invitrogen



Options to Create Entry Clon

Entry Vector Kozak  Shine-Dalgarno
pENTR/D-TOPO® .
pENTR/SD/D-TOPO® ¢ | .
pENTR™1A . .
pENTR"2B .
pENTR"3C . .
pENTR™4 .

PENTR™11 . .

Vector M13 Sequencing | Selection Marker
Sites

pDONR™201 No Kanamycin

pDONR"221 Yes Kanamycin

pDONR"/Zeo Yes Zeocin

© Invitrogen



Options to Create Entry Clones

Entry point (cDNA, genomic DNA, cDNA library, or other DNA fragment)

l

\ Y

attB-PCR product or  aftB-flanked
attB-expression clone  cDNA clone

Recombine with
pDONR™ vector

Y

restriction PCR product
enzyme fragment

l

Clone into Clone into
pENTR™ vector \ pPENTR-TOPOQO® vector

l

Entry clone

© Invitrogen



TOPOP® - Cloning: TOPO®TA

5 munutes at
@ T%ggg . room temperatre //;@
7
+ —
C/ '\.)4—-— 3" phosphate 4 l ceea T PCR Product  paced . T

GGG TTCCC
CCCTT
. ‘ ""{'f’ Topoisomerase 1

@ @ 1s released
\ / topoisomerase 1:

e recoghizes 57 - (C/T) CCCT — 3~

» forms covalent bond with phosphate group of 3 thymidine

= cleaves one strand — after religation it releases itself from the DNA

= vectors with T-overhangs (5 and 3 ends):
Cloning of Tag PCR-Products (TOPO® TA-Cloning)

© Invitrogen



PCR-Directional TOPO® Cloning

e 5 munutes at :
@ SLEES room temperatire 4/;@
CACC
® ®/ . gl CCC PCR Product —- cecTT ([EIETE———— 1
«<— 3" phosphate GGGRR GIG AL ETORCT  alol

;
CCeTT
. Sieres | /;::'f A7 Topoisomerase I

\ @ / @ aTEE 7 is released

PCR products (up to 5 kb) are directionally cloned:

e by adding 4 bases to the forward primer (CACC)

e overhang in cloning vector (GTGG) ivades 5 end of PCR-product,

e anneals to the added bases,

= stabilizes PCR product in correct orientation

© Invitrogen



PCR-Directional TOPO® Cloning

PENTR/SD/D-TOPO

2 R e R

| ool

PENTR/D/D-TOPO

Asc |

|

B

Topoisomerase

5

----CCCTT CACC ATG NNN --- --- --- NNN AAG GG----
--—--GGGAAGTGG GTGG TAC NNN --- --- --- NNN TTC CC----
PCR product |
Overhang B
Overhang invades double-stranded

0
DNA, displacing the bottom strand. ‘
J Topoisomerase

----CCCTTCACC ATG NNN
----GGGAAGTGG TAC NNN

&

————————— NNN AAG GG- ---
--------- NNN TTC CC- ---

© Invitrogen




Options to Create Entry Clones 11

Entry point (cDNA, genomic DNA, cDNA library, or other DNA fragment)

attB-PCR product or  aftB-flanked restriction PCR product
attB-expression clone  cDNA clone enzyme fragment

Recombine with Clone into Clone into
pDONR™ vector pENTR™ vector HENTR-TOPO® vector

I l I

Entry clone

© Invitrogen



Restriction/Ligase Cloning

BamH |
Kpnl
EcoR |
EcoR |
Not |
Xho |
EcoR V

ccadB

Dra I*
Xmn 1™
Sall

e Use when there are convenient sites to cut insert
out of another plasmid

 Must cut out ccdB gene by using one of four RE
sites flanking the ccdB

 Reading frame of insert must be considered, as
well as downstream expression elements

* Various reading frames of pENTR vectors are
available

PENTR™ 1A  Vector in reading frame 0

PENTR™ 2B  Vector in reading frame +1

pENTR™ 3C Vector in reading frame +2

pENTR™ 4 Vector in reading frame 0; modified polylinker from 1A

PENTR™ 11 Contains both an E. coli (SD) and eukoryotic (Kozak) ribosome binding site

© Invitrogen



Options to Create Entry Clones 111

Entry point (cDNA, genomic DNA, cDNA library, or other DNA fragment)

l

Y \

restriction PCR product
enzyme fragment

l l

Clone into Clone into
pENTR™ vector pENTR-TOPO®vector

attB-PCR product or
attB-expression clone

attB-flanked
cDNA clone

Recombine with
pDONR™ vector

l

Entry clone

© Invitrogen



Map and Features of pDONR 201,
pPpDONR221 and pDONR/Zeo

M13 M13

] =yl Forward : Reverse
Preal ccdB 'ml [ —> K] ccdB SR a2 P I

pDONR™221
pDONR"/Zeo

e rrn BT2 transcription termination sequence
= rrn BT1 transcription termination sequence
- attP1 site

= ccdB gene

= chloramphenicol resistance gene

- attP2 site

= kanamycin resistance gene } pPDONR201 and pDONR221
e pUC origin

* T7 promotor / priming site } pPDONR221 and pDONR/Zeo
e M13 reverse priming site } pDONR221 and pDONR/Zeo
= Zeocin resistance gene 3} pPDONR/Zeo

© Invitrogen



BP Cloning — The Reaction

attB1 gene attB2
]

attB-PCR product

ccdB

attP1 attP2

Donor
Vector

KanR

GGGACAAGTT TGTACAARARAGCAGGLT

attR1 ccdB attR2
» [ |

BP Clonase™

-ACCCAGCTTTCTTGTACAAAGTGGTCCCC

PCR PRODUCT

CCCYTGTTCAAACATGT TTITTCGTCCGA

attB1

TGGETCGARAGARCATGT T TCACCAGGEE

L i

attB2

pDONR™221 or Vector—-
PDONR“‘IZQO vector--

N+ 5~ CCAACTTTGTACAARRAAGCTGAAC-N] g
N+ 5~GGTTGAAACATGTTTTTTCGACTTG-N o

——————————— My pg-GTTCAGCTTTCTTGTACARAGTTGG-Ny5---vector
m = 5 e
——————————— Njgg-CAAGTCGAAAGRACATGTTTCAACC-Nyg---vector

vector——
Entry clone
vector--

By-product

attP1

N-5-CCAACTTTGTACAAARARGCAGECT

attP2

BP Clonase™

PPCR PRODUCT

‘"CCQGQTTTCTTGTACAAAGTTGG—N75———vector

N75—GGTTGAAACATGL.LixihuﬁLLGA

Il

atiL1

TGGGTGMGH\CATGTTTCAACC—N;s———vec tor
L ]

attL2

GGGGRCAAGTTTGTACAARAARGCTGAAC-N o
CCCOPGTTCAARCATGTTTTTTCGACTTG-Nq g

——————————— N1 9g-GTTCAGCTTTCTTGTACARAGTGGTCCCC
m! —
——————————— N1 g~ CAAGTCGAARGARCATGTTTCACCAGGGE

attR1

L J
attR2

+

attlL1

gene

attL2

KanR

90-99% correct clones

on Kan plates

© Invitrogen




BP Cloning - Primer Design for PCR

To be considered when designing PCR Primers:

e Sequences to facilitate Gateway cloning

e Sequences required for efficient expression of the native protein

(i.e. Shine-Dalgarno or Kozak consensus)

e Whether or not you wish your PCR product to be fused in frame with an

N- or C-terminal fusion tag

© Invitrogen



BP Cloning - Primer Design for PCR

GGGG and the attB1 sequence must be added to the 5’-primer (sense)

GGGG and the attB2 sequence must be added to the 3’-primer (antisense)

Forward Primer:

attB1
57 — GGGGACAAGTTTGTACAAAAAAGCAGGCTNNN..,

Reverse Primer:

attB2
57 — GGGGACCACTTTGTACAAGAAAGCTGGGTNNN...

© Invitrogen



Designing attB Forward Primers

1) Forward Primer Design for Native Expression

Shine-Dalgarno Kozak

| o 1
5’ -GGGGACAAGTTTGTACAAAAAAGCAGGCTTCGAAGGAGATAGAACCATGG (18-25 gene-specific nucleotides) -3’

2) Forward Primer Design for N-terminal Fusions

Lys Lys
5’ -GGGG ACA AGT TTG TAC AAA AAA GCA GGC (18-25 gene-specific nucleotides) -3’

© Invitrogen



Designing attB Reverse Primers

1) Reverse Primer Design with no C-terminal fusion taq

5" -GGGGACCACTTTGTACAAGAAAGCTGGGT(!

attB2

CTA (18-25 gene-specific nucleotides) -3’

2) Reverse Primer Design for

C-terminal fusion taq

57 —GGGG—AC—CAC—TTT—GTA—CAA—GAA—AGC—TGG—G@— (template-specific sequence) -3’

attB2

© Invitrogen




Gateway® BP Clonase Reaction

attB-PCR Product (30 - 300 ng)
Donor vector (150 ng/ul)

5x BP Clonase
Reaction Buffer

TE, pH 8.0

— + 4 pl BP Clonase enzyme mix
— 25°C, over night
— + 2 ul Proteinase K

— 37°C, 10 min

BP Clonase Mix: Reaction Buffer + Clonase Enzyme Mix

BP Clonase Il Mix:  Clonase Mix includes Reaction Buffer, (less expensive)

© Invitrogen



Gateway® LR-Recombination Reacti

gene
attB2
gene ccdB ccdB
attP1

Expression
attP2 Clone

attL1 attlL? attR1 attR2
Destination
+ Vector

LR Clonase™ Il

Donor
Vector

KanR

KanR

<

90-99% correct clones
on Amp plates

© Invitrogen



E. coli strains for transformation of
Gateway constructs

OmniMAX 2-T1®:

DHb5a.:

ccdB-survival :

DB3.1:

Selection of (positive) transformants,
,2general® cloning strain

Selection of (positive) transformants,

,general” cloning strain

To maintain Gateway — constructs without insert

To maintain Gateway — constructs without insert

© Invitrogen



Gateway®-Technology:

attB aftB aft P aftP

attB-flanked PCR
product or atiB
expression clone

aft R aftR

B |EN .

by-product

BP Clonase™
— =

AB-resistance

e LR Reaction: Facilitates recombination of an atfL substrate (entry clone) with
an attR substrate (destination vector) to create an attB-containing expression
clone (see diagram below). This reaction is catalyzed by LR Clonase™ enzyme
mix.

attL attL asfttR asfttR

destination
vactor

LR Clonasa™

—-..

exprassion
clone

AB-resistance

Pathway Reaction Catalyzed by...
1. | Lysogenic attB x attP — attL x attR BP Clonase " (Int, IHF)
2. | Lytic attL x attR —> attB x attP LR Clonase™ (Int, Xis, IHF)

© Invitrogen



Different ways to generate the entry clc

P1 ccdB P2
B1 Gene B2

attB PCR Product PCR Product
1. BP Cloning 2. TOPO® Cloning

BP Clonase™ \ / TOPO®

\‘Entry Clone/‘

Ligase / \

3. Restriction/Ligase Cloning

Donor Vector

4. Pre-made entry clone
5. Custom-made entry clone

ca BN
digested Entry Vector +
digested DNA Fragment

ORF Collection

© Invitrogen
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attR1 ccdB attR2 attL1 Gene attL2

Destination Vector + W

LR Reaction

¥

attB1 Gene attB2

Expression Clone

Fig. ©Invitrogen

destination vectors:
* have attR sites
e allow recombination with entry clones




Number of applications by Invitrog

Table 2—Gateway® expression vector options.

Application

Gateway® Destination vector family

Protein array

Expressway™ Plus Expression system

Antibody or antigen production

Champion™ pET Expression systems

Protein expression in E coli

pDEST™14, 15, 17, and 24
pET160 and pET161 DEST™ vectors

Protein expression in yeast

pYES2-DEST™52

Protein expression in insect cells

BaculoDirect™ Cterm Expression Kit

Protein expression in mammalian cells (constitutive expression)

pcDNA® mammalian expression vector family

Protein expression in mammalian cells (requlated expression)

pT-REx-DEST30 and pT-REx-DEST31 vectors

Protein expression in mammalian cells (viral delivery)

ViraPower™ Lentiviral Expression Systems

Protein-protein interaction studies

ProQuest™ Two-Hybrid System using Gateway® technology

Localization

VividColors™ pcDNA GFP Destination vector family

RINA

BLOCK-iT™ vector family

Reporter assay

GeneBLAzer™ pcDNA vector family

Table ©Invitrogen



Destination vectors for

protein expression

E. coli
Cell free

Mammalian

Insect
Yeast

Virus

'\

—/

~ Native protein expression

> -< N-terminal fusion protein expression

kC-terminaI fusion protein expression

Fig. ©Invitrogen



E. coli: PDEST17

77 X ros | TG owis |ttt oo o a2
l |

» based on pET vectors

 with shine dalgarno sequence

Comments for pDEST™T
6334 nucleotides

» also with C-term Tag or GST-Tags

T promiier: bases 21-40
Riposome bindng ste (RES): bases 8602
Indtigtion ATG: bases 101-102

gxHis tag: bases 113-130

atffi: bases 140-284 [ transcrption start

. , T7 promater Shine-Dalgame
Chloramphenicol resistance gene (Cm®): bases 2721022 — P — B _ _
) - S 20 TIAATACGAD TCACTATAGE GAGACCACHA CGGETITCCCT CTAGARATAA TTTTGTTTAA CTTTARGARG GAGATATACR
ccoB gene: bases 1374-1878

- BATTATGCTG AGTGATATCC CTCTGGTGTT GOCRAARGGGA GATCTTTATT RAARCARATT GARRTTCTTC CTCTATATGT
aiffd: bases 1720-1844

T7 transcripiion termination regon: bases 1855-1082 fxHis tag 147
bia promoter: bases 2471-2589

I 1
Met Ser Tyr Tyr His His His His His His Leo Glu Ser Thr Ser Leu Tyr Lys Lys Ala Gly

e - _ e
Amgicillin '-!!.""IF']_FEE'E'E'-'”E_'EE"'E- bases 2570-3430 100 T ATG TCG TAC TAC CAT CAC CAT CAC CAT CAC CTC GAA TCR ACA AGT TTG TAC ARR ARR GCR GGC
pBR322 origin: bases 35754245 A TAC AGC ATG ATG GTA GTG GTA GIC GTA GIG GAG CTT AGT TGT TCR AZC ATC TTT TTT CGT COG
ROF ORF: bases 46184810 (Z) L —
1B =
C=complementary strand
THN ——-——pmmm == BACCCRGCTT TOTTGTACEA AGTGGTITEAT TOGRGHITED TAACARAGCC CGARRGEARSG
2wy —---SEME FTGEETORAR AGARCATGTT TCECCRACTA AGCTCCGACG ATTGTTTCRG GOTTTARTTC
— L |
anB2

Figure & Sequence
©lnvitrogen



overview about other
destination vectors

Your

PCR °YT® library

. . . . . ORF G
- in vitro Transcription/ Translation i N 4/ svn?ﬂgsis
C Gen
. . . . ene CNE
- protein expression in other organlsm Your Appli

. G
(e.g. yeast, mammalian, insect cells) r
Protein

- Two-Hybrid System in Yeast

. Proteln
- RNA| interac
Your Application

Fig. ©Invitrogen

Purificatig RNAi

=>» Creation of your own Gateway-vector:
conversion cassette

- in plants: based on pCAMBIA



Gateway® Conversion Kit

Gateway® Cassette

+ » Your destination vector
Promoter
Qur linearized vector

Conversion cassettes can be used with any vector or
system, even the proprietary ones

©lnvitrogen



exampiles Tor createa
plant transformation vecto

 PMDC Gateway Vector Series
(Curtis & Grossniklaus (2003) Plant Phy

- Complementation

2x 358 | )
pPMDC32 cassette C1  [rg

afiR?

A, 25355 . toay
PMDC32 cassetts CT [ N e I ]
Aty AT
e coah®

pMOCID cassette ©1 [

Lo AT

H
H
E]

B, G10-90 . it
pMOCT casselle A = I

c
pMDCAS caszeife 4

pMDCAd cassoetie B ] [oed | T

anRd [laesy

pMDC43 cassatfe CF

D,
PMDCED casselle 4

1z 755 . (5] |
pMDCE4 cassetfa B EI——-h-l-II wios o 1]

DMODCES cassette G

E.
pMDC 138 cassetis A

pMDC 140 cassetie B =

pMDC 14T cassatte C7

F.
PMDCTOT cassolie A .

(5=
PMDC111 cassetie 8 ol I IHIN IS Tl
st ey

PMDCTTO cassaie G

G,
pMIDCTE2 cassetis A

[==-" ] '
PMDC163 cassatto 8 [ NN, N =7

pMDC164 cassetts C1 - o

H, [ o

PMDCSS cassetie C1 m

MOC 100 cassatte C1 [ o] [in]
sl

R arsd

s
PMDC 123 Cassete C1



pEarIe\éGate Vector Seri
pEarleyGate 205

BspHI (11492) Bell {11949) Kpnl (406)
pEarley Vector Series

by Pikaard laboratory =R (11067) \ﬁ
-> Purification and Interaction m =

Fluorescent Imaging, complementation, etc.
(Earley et al. (2006) The Plant J. 45:616-629)

=

BstBl (1768)
Stul (1865)

155

PshAl (2462)

- Xhol (2653)

EcoMl (9330)——
pEarleyGate 205(C-TAP)
{12187 bgp) pF_l (3104)

Bsiwl (8905)—
Ncol (3409)

- (3976)

’ BstXl (4089)

Avrll (4368)

[ Pacl (4926)
Spel (4942)
nl {5248)
Pmel (5881) Pvul (5804) Hindlll (5681) SseB387| (5668) Eam11051 (5643) BstEll (5518)



pEarleyGate Vector Series:
overview

Plasmid name

Description

pEarleyGate 100

35S-Gateway-OCS 3'

pEarleyGate 101

35S-Gateway-YFP-HA tag-OCS 3'

pEarleyGate 102

35S-Gateway-CFP-HA tag-OCS 3'

pEarleyGate 103

35S-Gateway-GFP-His tag- OCS 3'

pEarleyGate 104

35S-YFP-Gateway-OCS 3'

pEarleyGate 201

35S-HA tag-Gateway-OCS 3'

pEarleyGate 202

35S-FLAG tag-Gateway-OCS 3'

pEarleyGate 203

35S-Myc tag-Gateway-OCS 3'

pEarleyGate 204

35S-AcV5 tag-Gateway-OCS 3

pEarleyGate 205

35S-Gateway-TAP tag-OCS 3

pEarleyGate 301

no promoter-Gateway-HA tag-OCS 3'

pEarleyGate 302

no promoter-Gateway-FLAG tag-OCS 3'

pEarleyGate 303

no promoter-Gateway-Myc tag-OCS 3'

pEarleyGate 304

no promoter-Gateway-AcV5 tag-OCS 3




RNAI In planta: pHellsgate se

Spe 1 (17440
Nial (17432]
ApaT{17323
hairpinRNAI vectors for plants .
. XbaT (16698
pHellsgate (Dicots) vs. pStargate (Monocots) .=
Smar T (15858
Xmal(15957)
cedBl
afR2 I:
XBal(15280 1 XL (1)
BamH {13274 |;. Spel (8]
Himd T (15268 | I Eco BV (16)
Clal (15263} |/ Sar 1 (23)
Intron -.I".' : 0 Ana T (57)
PCR product pOONR201 Epm T (14266) ' I i M (344
i T ———— Eea 1{1456} -~ Nos promoter
# BP reaction : 5 = Bo1asn) K : BamH1 (452)
e - — = = pHELLSGATE 12 veclor A2 f o, L6
L sz L 3 cod 3 Sma (13801 FTII
[lI.R reaction g Irom * T T {15799 - Was terminato
e T S——— hpRNA construct codf g I}HEII,_SQHIEE Left Border
Fromotes  atti atth Tt gitfid attfi Terminator - i 17476 bp
” Plant transformation Ko T{13021)
e Intron-spliced hpRNA PI7-5 Primer ¢
Il CaMV 35 71(5803)
Gene Silencing S 1(12335) NI (65887
Mo (11668 Eco BN (74909)
Right Border

S TT {10600

Spes Resistance

©CSIRO hairpinRNAI vectors




conclusion of
The Gateway® Cloning _System

PRO

Directional cloning

Maintains reading
frame

No restriction enzymes
No ligation

1 hour, room-
temperature reaction
with >99% efficiency

No re-sequencing

Compatible with
automation

Reversible reactions

Your

PCR >°YT® | ibrary

o, 1 i
collec |0r\ synthesis
ene Gene
Protem Your Applicayon
ocalizatj
Gene @ Gene
P G
Purificatj
Gene Gene
_Proteln
|nteract oy
Your Application

CONTRA
Primer

dependance on
Invitrogen (LR/BP
reaction mix)

antibiotics resistance .
©lnvitrogen



Thank you for

your attention!



Weiterfihrende Internet-Seiten der Firma Invitrogen:

http://www.invitrogen.com/site/us/en/home/Products-and-
Services/Applications/Cloning/Gateway-Cloning.html

http://www.invitrogen.com/etc/medialib/en/filelibrary/pdf/Brochures.Par.38170.File.dat
/B-074573-Gateway.pdf

http://www.invitrogen.com/site/us/en/home/Products-and-

Services/Applications/Cloning/Gateway-Cloning/GatewayC-Misc/Online-
Seminars.html






