THE FLAG® PROTEIN EXPRESSION SYSTEM
The Proven System for Detection and Purification of Proteins

The FLAG® Protein Expression Systems are an established way to express, purify and detect recombinant proteins. The systems have proven
themselves in a multitude of applications, such as Western blotting, immunocytochemistry, immunoprecipitation, flow cytometry, protein
purification, and in the study of protein: protein interactions, cell ultrastructure and protein isolation.

The FLAG® system utilizes a short, hydrophilic 8-amino acid peptide (Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys) which is fused to the recombinant pro-
tein of interest when expressed from a pFLAG™ vector. The FLAG® peptide includes the binding site for several highly specific ANTI-FLAG®
monoclonal antibodies (M1, M2, M5) and polyclonal antibodies and conjugates, each with different recognition and binding characteristics.
The FLAG® peptide is likely to be located on the surface of a fusion protein because of its hydrophilic nature. As a result, the FLAG® peptide
is more likely to be accessible to antibodies and to cleavage by enterokinase (Ek). In addition, because of the small size of the FLAG® peptide
tag, it is not likely to obscure other epitopes, domains, or alter function, secretion, or transport of the fusion protein.

e Highly sensitive; detect ” 100 femtomoles
e Cited in over 1,000 publications
¢ Single band purity with only one purification step using ANTI-FLAG® antibodies and affinity gels

e ANTI-FLAG® antibodies exhibit little or no cross-reactivity in mammalian and bacterial cell lysates
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3xFLAG® Protein Expression System

e Single band purity in one chromatography step

e Tag removal with enterokinase

The 3xFLAG Peptide:

e Detect 710 femtomoles; 20-200x more sensitive than any other system

Asp-Tyr-Lys-Asp-His-Asp-Gly-Asp-Tyr-Lys-Asp-His-Asp-lle-Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys

The new 3xFLAG® system improves upon the original system by fusing 3 tandem FLAG® epitopes to a recombinant protein (Fig. 1).

A 10-20 fold increased detection enhancement has been shown using 3xFLAG® fusions (Fig. 2, 3). In cases of low level expression, 3xFLAG®
would be ideal. As with the original FLAG® tag, it is hydrophilic, contains an enterokinase cleavage site and is relatively small (22 amino
acids), therefore, the risk of altering protein function, blocking other epitopes or decreasing the solubility is minimized.

e Enhanced detection for immunoprecipitation, Western Blots, and immunocytochemistry

FLAG® bacterial alkaline phosphatase transferred onto a nitrocellulose
membrane. Detection was performed with ANTI-FLAG® M2 monoclonal
primary antibody, anti-mouse-HRP secondary antibody, and ECL™
chemiluminescent substrate.

£
q
2|2
Q.
!.l'ls
B |2

- Protein
Enterokinase
Cleavage Site
FLAG Peptide:
Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys .
. Protein
Enterokinase
Cleavage Site
Figure 1. FLAG® Peptide Sequence
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Figure 2. Western Blot of Original FLAG® Versus 3xFLAG® —— 1 _— ~
Western blot of purified 3xFLAG® bacterial alkaline phosphatase and 0
3XFLAG® 6xHIS HA c-myc GST

Figure 3. Comparative Sensitivity of 3xFLAG®

Each protein fusion tag was cloned separately on the C terminal of GST.
The purified proteins were diluted from 1 ug to 0.01 ng and analyzed.
The limit of detection of each tag was determined by Western Blot
analysis using the recommended dilutions of each respective primary
antibody and secondary anti-mouse IgG-HRP conjugate. Blot was
developed using ECL.



EXPRESSION

Bacterial Vectors

Bacterial FLAG® Expression Vectors

The Escherichia coli FLAG® expression vectors allow expression,
detection and purification of recombinant FLAG® fusion proteins
in E. coli. FLAG® vectors offer a choice of periplasmic (+ompA) or
cytoplasmic expression with either amino- or carboxy-terminal
tagging. All of the E. coli expression vectors confer ampicillin
resistance for easy selection of positive transformants.

FLAG-Shift vectors are available for sequences where the amino-
terminus has not been precisely defined. These vectors contain a
“shift” sequence that allows expression of an open reading
frame without regard to the reading frame in which it was
originally cloned.

Vectors using the strong tac promoter (a hybrid of the trp and
lac promoters) offer protein expression levels in excess of 10 mg/L
of culture when using IPTG as a de-repressor. They can be used
to express protein in any established expression host. Although
this promoter may not provide higher protein levels than Sigma'’s
pT7-FLAG™ vectors, they have demonstrated higher control over
background (“leaky”) expression. This is especially relevant when
expressing proteins which may be toxic to the cell.

ALL BACTERIAL VECTORS CONTAIN:

Beta-lactamase gene for ampicillin resistant selection

T1T2 transcriptional terminator

PBR322 origin of replication

lacl gene which confers repression of tac promoter

1 origin to aid in cloning and single-strand DNA sequencing
(requires M13KO7 helper phage)

Xhol, EcoRI, Xmal, Smal, Asp718, Kpnl, Bglll included in the MCS

The N-26 Sequencing Primer (P 7832) and the C-24 Sequencing
Primer (P_7957) are also available

Product Product Name Size Promoter FLAG® OmpA Ek Site
E 5769 PFLAG-ATS™™ 5.4kb tac N v \

E 5644 PFLAG-MAC™ 5.1 tac N V

E 5269 pFLAG-CTS™ 5.4 tac C V

E 5394 PFLAG-CTC™ 5.3 tac C

E 8023 PFLAG-Shift12™ 5.1 tac N \

E 7898 PFLAG-Shift12c™ 5.1 tac N

P1118 pT7-FLAG-1™ T7/lacO N \/

P 1243 pT7-FLAG-2™ T7/lacO C

N — N-terminal tag C — C-terminal tag

ompA - periplasmic localization

Ek — Enterokinase cleavage site
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EXPRESSION

PFLAG-ATS Expression Vector

CAS No. 9007-49-2
Expression and secretion of N-terminal FLAG® fusion proteins.

Storage: -20-0 °C
Shipped in dry ice
S: 22-24/25

ORDERING INFORMATION
Product Name/Description

E 5769

Pkg. Size
pFLAG-ATS Expression Vector 10 ug

PFLAG-CTS Expression Vector

CAS No. 9007-49-2
Expression and secretion of C-terminal FLAG® fusion proteins.

Storage: -20-0 °C
Shipped in dry ice
S: 22-24/25

ORDERING INFORMATION
Product Name/Description Pkg. Size

E 5269 pFLAG-CTS Expression Vector 10 ug

pFLAG-MAC Expression Vector

CAS No. 9007-49-2

Cytoplasmic expression of Met-N-terminal FLAG® fusion proteins.

Storage: -20-0 °C
Shipped in dry ice
S: 22-24/25

ORDERING INFORMATION

PFLAG-CTC Expression Vector
CAS No. 9007-49-2
Cytoplasmic expression of C-terminal FLAG® fusion proteins.
Storage: -20-0 °C

Shipped in dry ice
S: 22-24/25

ORDERING INFORMATION

Product Name/Description Pkg. Size Product Name/Description Pkg. Size
E 5644 pFLAG-MAC Expression Vector 10 ng E 5394 PFLAG-CTC Expression Vector 10 ug
PFLAG-MAC (5.1 kb) Z= = PFLAG-CTC(5.3kb) _S-zo-%-__
£22%3EE%5R35 $:c885%8z2m
RBS I ATG ! FLAG MCS STOP RBS ; ATG MCS FLAG 3 STOP
PFLAG-ATS (5.4 kb) Ezoioafo_ PFLAG-CTS (5.4kb) S z--f __
EE25E2353285 S
RBS | ATG lompA lFLAG MCS STOP RBS ! ATG lOmpA MCS FLAG & STOP
L | L 1
amp’ amp’

lacl N-Terminal
pFLAG-MAC
pFLAG-ATS

pBR322 origin

f1 origin

Multiple Cloning Site
(pFLAG-MAC and pFLAG-ATS*)

FLAG Peptide Sequence
Met*|Asp Tyr Lys Asp Asp Asp Asp Lys Hind Il Xho|
ATG GAC TAC AAG GAC GAC GAT GAC AAA GTC AAG CTT C[TC GAG
TAC CTG ATG TTC CTG CTG CTA CTG TTT CAG TTC GAR GAG CT

Tth1111

Sma

1

EcoRl  Xmal | Asp718 Kpnl Bglll Xbal sacl
AAT TC[C ClGG [GTA C|CT GCA |GAT |[CTA GAT AGA TGA GCT|CGT
TTA ARG GjcC|[CAT GGA CGT CTA GBT C[TA TCT ACT CGA GCA

*For p-FLAG-ATS the Met-OmpA coding sequence precedes the FLAG coding sequence.

C-Terminal
lacl pFLAG-CTC
pFLAG-CTS

pBR322 origin

f1 origin

Multiple Cloning Site
(PFLAG-CTC* and pFLAG-CTS**)

[Met]Hind 1 Xho'l EcoR | Xmalsmaxlxspna Kpn'l

ATG ARG CTT CEC GAG |ART TC% clee [gTA dlca

TAC TTC GAR GAG CTC TTA ABG GcC |CAT GgT

FLAG Peptide Sequence

Bglll sall Asp Tyr Lys Asp Asp Asp Asp Lys
GAT CTG|TC GAC TAC AAG GAC GAT GAC GAC AAG
CTA Gac AG CT ATG TTC CTG CTA CTG CTG TTC
*FLAG peptide coding sequence is out of phase with the ATG
condon located within the Ndel site.

(Open reading frame must be phased with ATG and FLAG.

**For pFLAG-CTS the Met-OmpA coding sequence precedes the MCS.
See product insert for pFLAG-CTS MCS.



EXPRESSION

FLAG-Shift,, Expression Vector

Periplasmic expression of N-terminal FLAG® fusion proteins,
especially when the ORF of the insert is unknown.

Storage: -20-0 °C
Shipped in dry ice
S: 22-24/25

ORDERING INFORMATION
Product Name/Description Pkg. Size

E 8023 FLAG-Shift,, Expression Vector 10 ug

FLAG-Shift,,. Expression Vector

Cytoplasmic expression of N-terminal FLAG® fusion proteins,
especially when the ORF of the insert is unknown.

Storage: —20-0 °C
Shipped in dry ice
S: 22-24/25

ORDERING INFORMATION
Product Name/Description Pkg. Size

E 7898 FLAG-Shift,,. Expression Vector 10 ug

PFLAG-SHIFT 12¢ (5.1 kb)

EcoR |
Xma |
Asp718

Sac|

9833
=
5488%

RBS | ATG ; FLAG | SHIFT MCs STOP

PFLAG-SHIFT 12 (5.1 kb)

Xho I

EcoR |
Xma |
Asp718

Sac|

£5332
-
£35328

RBS ; ATG ; OmpA ; FLAG | SHIFT MCs STOP
L |

Xho I

amp’

lacl N-Terminal
FLAG-SHIFT,;

pBR322 origin

1 origin

Multiple Cloning Site
(PFLAG-SHIFT*, and pFLAG-SHIFT )

FLAG Peptide Sequence
Met* | Asp Tyr Lys Asp Asp Asp Asp Lys
Frame Shift (T12)

ATG GAC TAC AAG GAC GAC GAT GAC AAG C TTTTTTTTTTTT
TAC CTG ATG TTC CTG CTG CTA CTG TTC G AARAAAAAAAAARAR

ma

Sma |
Xho'l EcoRI  Xmal | Asp718 Kpnl Bglll Xbal sacl
crc GaG [AAT TC[C csG [GTA_cjcT CAle AT]C TAG ATA GAT GAG CT[C
GAG CTC TTA A6 6lcC|[CAT G[gA GTC TAG| ATC|TAT CTA CTC GAG

* For pFLAG-Shift;, the Met-OmpA coding sequence precedes the FLAG coding sequence.
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EXPRESSION

The pT7-FLAG vectors offer the very strong T7/lac promoter. Vectors
contain the /ac operator (lacO) immediately downstream from the
promoter to reduce leaky expression. Unlike the tac promoter vec-
tors, these must be used in a (DE3) lysogen host in order to express

pT7-FLAG-1

Cytoplasmic expression of Met-N-terminal FLAG® fusion proteins
under the T7/lac promoter.

Storage: -20-0 °C
Shipped in dry ice
S: 22-24/25

ORDERING INFORMATION

recombinant protein. Two pT7 vectors are offered, each containing
the FLAG® sequence, either as an amino- or carboxy-terminal fusion.
A positive control is supplied with each vector containing the bac-
terial alkaline phosphatase (BAP) gene.

pT7-FLAG-2

Cytoplasmic expression of C-terminal FLAG® fusion proteins
under the T7/lac promoter.

Storage: -20-0 °C
Shipped in dry ice
S: 22-24/25

ORDERING INFORMATION

Product Name/Description Pkg. Size Product Name/Description Pkg. Size

P1118 pT7-FLAG-1 Expression Vector 10 ug P 1243 pT7-FLAG-2 Expression Vector 10 png
(4.9 kb) EIT I S (5.1kb) =_---_2__
£38282828k £28588%es

RBS ; ATG [ FLAG [ STOP RBS Mcs FLAGg STOP
| | 1 ]
pT7/lac
amp’ amp’

lacl PT7-FLAG-1 lacl PT7-FLAG-2

pBR322 origin

f1 origin

Multiple Cloning Site

FLAG Peptide Sequence
Met*| Asp Tyr Lys Asp Asp Asp Asp Lys|
Hind Il Not | EcoRl Xmal Smal Kpnl
ATG GAC TAC AAA GAC GAT GAC GAC AAG CTT GCs 6cC Gcc\ﬂ;% ’MCT
TAC CTG ATG TTT CTG CTA CTG CTG TTC GAA CGC CGBl CGC TTA AGG GCGICAT GGA
Bglll Xbal sacl

GQA GAT|CTA GAT AGA TGA GCT|CGT CGA
CGT CTA|GAT CTA TCT AQT CGA GCA GCT

PBR322 origin

1 origin
Multiple Cloning Site
FLAG Peptide Sequence
Asp Tyr Lys Asp Asp Asp Asp Lys
Asp718
Hind Il Xhol EcoRl Xmal Smal| KpnlBglll  Sall

AAA GCT TqT CGA GAA TTC CCGG GGT ACC 4GA TcT qTC GAC TAC AAG GAC GAT GAC GAC AAG
TTT CGAl AGA GCT| CTT AAG GAC CIA TGG TCT AGA CAG CTl ATG TTC CTG CTA CTG CTG TTC



EXPRESSION

E. coli Amino-terminal FLAG®
Expression Kit

The pFLAG-ATS and -MAC vectors allow for secreted or cytoplasmic
expression of Amino-terminal FLAG® fusion proteins, respectively.

MCS: tac - (ompA) - FLAG - Tth111 | - Hind /il - Xho | - EcoR | -
Xma I/Sma | - Asp718/Kpn | - Bgl Il - Xba | - Sac |

ANTI-FLAG M1 monoclonal antibody 200 ug
ANTI-FLAG M2 afinity gel 1 ml
ANTI-FLAG M2 monoclonal antibody 200 ug
Enterokinase 50 units
FLAG peptide 4 mg
PFLAG-ATS-BAP control plasmid 1 ug
PFLAG-ATS expression vector (OmpA leader) 10 ug
pFLAG-MAC expression vector (no leader) 10 ug
C-24 sequencing primer 1 ug
N-26 sequencing primer 1 ug
N-terminal FLAG-BAP control protein 100 ug
Shipped in wet ice
ORDERING INFORMATION

Product Name/Description Pkg. Size
FL-A E. coli Amino-Terminal FLAG® 1 kit

Expression Kit

E. coli Carboxy-terminal FLAG®

Expression Kit
pFLAG-CTS™ and -CTC vectors enable secreted or cytoplasmic
expression of Carboxy-terminal FLAG® fusion proteins, respectively.

IMICS: tac - (ompA) - Hind /i - Xho | - EcoR | - Xma I/Sma | -
Asp718/Kpn | - Bgl Il - Sal | - FLAG

ANTI-FLAG M2 monoclonal antibody 200 ug
FLAG peptide 4 mg
pFLAG-CTC expression vector (no leader) 10 ug
pFLAG-CTS-BAP control plasmid 1 ug
pFLAG-CTS expression vector (OmpA leader) 10 ug
N-26 sequencing primer 1ug
C-24 sequencing primers 1 ug
C-terminal FLAG-BAP control protein 100 ug
Shipped in wet ice
ORDERING INFORMATION
Product Name/Description Pkg. Size
FL-C E. coli Carboxy-Terminal FLAG® 1 kit

Expression Kit

E. coli FLAG-Shift™ Expression Kit

The pFLAG-Shift-12 and -12c¢ vectors allow secreted or cytoplasmic
expression of Amino-terminal FLAG® fusion proteins, respectively.
Both vectors have 12 thymidine residues just upstream from the
MCS region that result in frame shifting during translation.
Therefore simultaneous expression of all three reading frames
occurs. This feature is useful when the open reading frame is
unknown as in genomic, cDNA, or shotgun libraries.

MCS: tac - (ompA) - FLAG - Shift™,, - Xhol - EcoRI -
Xmal/Smal - Asp718/Kpnl - Bglll - Xbal - Sac |

ANTI-FLAG M1 monoclonal antibody 200 ug
ANTI-FLAG M2 affinity gel 1 ml
ANTI-FLAG M2 monoclonal antibody 200 ug
Enterokinase 50 units
FLAG peptide 4 mg
FLAG-Shift,,—BAP control plasmid 1 ug
FLAG-Shift,,. expression vector (no leader) 10 ug
FLAG-Shift,, expression vector (OmpA leader 10 ug
C-24 sequencing primer 1 ug
N-26 sequencing primer 1 ug
N-terminal FLAG-BAP control protein 100 pg
Shipped in wet ice
ORDERING INFORMATION
Product Name/Description Pkg. Size
EL-S E. coli FLAG-Shift™ Expression Kit 1 kit
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Mammalian FLAG® Expression
Vectors

Mammalian FLAG® expression vectors offer a choice of FLAG-
tagged fusion proteins that allow easy detection, purification
and analysis in a wide range of applications. They also provide

a choice of transient or stable transfection, cytoplasmic or extra-
cellular expression, N-terminal or C-terminal tagging, and the
original FLAG® sequence or 3xFLAG®.

The strong human cytomegalovirus (CMV) promoter regulatory
region drives constitutive protein expression levels as high as 1 mg/L
in COS cells. For other less potent mammalian cell lines, protein
levels are typically ~0.1 mg/L. The presence of the SV40 replica-
tion origin will result in high levels of DNA replication in SV40
replication permissive COS cells. Vectors containing the prepro-
trypsin leader (PPT) sequence direct secretion of FLAG® fusion
proteins into the culture medium for purification using ANTI-
FLAG®. Constructs containing the neomycin resistance gene per-
mit stable transfection by allowing selection with Geneticin
(G-418). For the dual tagged vectors, the c-myc is located at the
C-terminal end to verify the integrity of the expressed protein.

Beta-lactamase gene for ampicillin resistant selection

HGH polyA

SV40 origin for episomal replication in mammalian cells produc-
ing Large T antigen (COS-1, COS-7)

pBR322 origin of replication for bacteria cells

1 origin to aid in cloning and single-strand DNA sequencing
(requires M13KO7 helper phage)

Hindlll, Notl, EcoRl, Bglll, EcoRV, Kpnl included in the MCS

The N-CMV-30 Sequencing Primer (P_5350) and the C-CMV-24
Sequencing Primer (P_5475) are also available.

E 7273 pFLAG-CMV™-1 \ N

E 7398 pFLAG-CMV™-2 N

E 8770 pFLAG-CMV™™-3 \ N neomycin
E 1775 pFLAG-CMV™-4 N neomycin
E 3762 PFLAG-CMV™-53,b,c C

E 7901 pFLAG-CMV™-5 1 C

E 2275 pFLAG-CMV™-63,b,c N

E 4026 p3XFLAG-CMVT™-7 1 N

E 4151 p3XFLAG-CMVT™-8 N

E 4276 p3xFLAG-CMV™-9 N neomycin
E 4401 p3xFLAG-CMV™-10 N neomycin
E 4776 p3XFLAG-CMV™-13 C neomycin
E 4901 p3xFLAG-CMV™-14 \/ C neomycin
E 5526 PFLAG-myc-CMV™-19 \ N C

E 5651 pFLAG-myc-CMV™-20 N C

E 5776 pFLAG-myc-CMVT-21 \/ N C neomycin
E 5901 pFLAG-myc-CMV™-22 N C neomycin
E 6026 p3xFLAG-myc-CMVT™-23 \ N C

E 6151 p3xFLAG-myc-CMVT™-24 N C

E 6276 p3xFLAG-myc-CMV™-25 \ N @ neomycin
E 6401 p3XFLAG-myc-CMV™-26 N C neomycin

N - N-terminal tag C - C-terminal tag

PPT — preprotrypsin leader for direct secretion

c-myc — c-myc epitope












































