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Important Information 
  

Shipping and 
Storage 

Champion™ pET302/NT-His, pET303/CT-His and 
pET303/CT-Rac Kinase vectors are shipped at room 
temperature. Upon receipt, store lyophilized vectors  
at -20°C.  

 
Contents The Champion™ pET302/NT-His, pET303/CT-His vector kit 

contains the N- and C-terminal His vectors and an 
expression control plasmid as listed below: 

 
Item Concentration Amount 
pET302/NT-His lyophilized in TE, pH 8.0 6 μg 

pET303/CT-His lyophilized in TE, pH 8.0 6 μg 

pET303/CT-Rac Kinase lyophilized in TE, pH 8.0 10 μg 
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Accessory Products 
 

Additional 
Products 

Additional products that may be used with pET302/NT-His 
and pET303/CT-His are available from Invitrogen. Ordering 
information is provided below. 

Product Amount Catalog no. 
BL21(DE3) Chem. Competent Cells 20 x 50 μl C6000-03 

One Shot® BL21 Star (DE3) Chem. 
Competent Cells 

20 x 50 μl C6010-03 

One Shot® BL21(DE3) pLysS Chem. 
Competent Cells 

20 x 50 μl C6060-03 

MagicMedia™ E. coli Expression 
Medium 

1 L SoluPouch™ 

5 x 1 L SoluPouch™ 
1 L liquid 

K6801 
K6802 
K6803 

Ampicillin 5 g  Q100-16 

Carbenicillin 5 g 10177-012 

 
Purification and 
Detection of 
Recombinant 
Fusion Protein 

If your gene of interest is in frame with the N- or C-terminal 
polyhistidine (6x His) tag, you may detect your fusion protein 
with an antibody to the polyhistidine tag. You may also 
purify your recombinant fusion protein using a metal 
chelating system. 

Product Quantity Catalog no. 
Mouse anti-His Tag monoclonal 
antibody 

100 μg 37-2900 

50 ml R801-01 ProBond™ Nickel-chelating Resin 
150 ml R801-15 

ProBond™ Purification System  6 purifications K850-01 
Ni-NTA Agarose 10 ml 

25 ml 
100 ml 

R901-15 
R901-25 
R901-10 

Purification Columns 
(10 ml polypropylene columns) 

50 R640-50 
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Overview 
  

Description Champion™ pET302/NT-His (5.7 kb) and pET303/CT-His 
(5.3 kb) vectors allow you to clone your gene of interest using 
restriction enzyme digestion and ligation. Both Champion™ 
pET302/NT-His and pET303/CT-His are included, allowing 
you to choose the best configuration (i.e. N- or C-terminal 
polyhistidine tag) and to optimize protein expression levels. 
The vectors are designed to allow high-level, inducible 
expression of recombinant fusion proteins in E. coli using the 
pET system. A control expression plasmid, pET303/CT-Rac 
Kinase, is included to optimize protein expression. 

 
The pET 
Expression 
System 

The pET system was originally developed by Studier and 
colleagues and takes advantage of the high activity and 
specificity of the bacteriophage T7 RNA polymerase to allow 
regulated expression of heterologous genes in E. coli from the 
T7 promoter (Rosenberg et al., 1987; Studier & Moffatt, 1986; 
Studier et al., 1990). For more information about T7-regulated 
expression, see the next page. 

 
Features Champion™ pET302/NT-His and pET303/CT-His contain 

the following elements: 

• T7lac promoter for high-level expression of the gene of 
interest in E. coli (see next page for more information) 

• Multiple cloning site for restriction enzyme digestion 
and ligation of gene of interest 

• N- or C-terminal 6x His tag for detection and 
purification of protein 

• Ampicillin resistance gene for selection in E. coli 

• pBR322 origin for low-copy replication and 
maintenance of the plasmid in E. coli 

• lacI gene encoding the lac repressor to reduce basal 
transcription from the T7lac promoter  

For maps of pET302/NT-His and pET303/CT-His, see 
pages 11-12. 

Continued on next page 
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Overview, continued 
 

T7-Regulated 
Expression 

pET302/NT-His and pET303/CT-His contain elements from 
bacteriophage T7 to control expression of heterologous genes 
in E. coli. In the vector, expression of the gene of interest is 
controlled by a strong bacteriophage T7 promoter that has 
been modified to contain a lac operator sequence (see below). 
In bacteriophage T7, the T7 promoter drives expression of 
gene 10. T7 RNA polymerase specifically recognizes this 
promoter. To express the gene of interest, it is necessary to 
deliver T7 RNA polymerase to the cells by inducing 
expression of the polymerase.  

 
T7lac 
Promoter 

pET302/NT-His and pET303/CT-His contain the T7lac 
promoter to drive expression of the gene of interest. The 
T7lac promoter consists of a lac operator sequence placed 
downstream of the T7 promoter. The lac operator serves as a 
binding site for the lac repressor (encoded by the lacI gene) 
and functions to further repress T7 RNA polymerase-induced 
basal transcription of the gene of interest in BL21 strains. 

 
BL21 Strains The BL21(DE3) E. coli strain is specifically designed for 

expression of genes regulated by the T7 promoter. Basal level 
expression of T7 polymerase, particularly in BL21(DE3) cells, 
may lead to plasmid instability if your gene of interest is 
toxic to E. coli. You may also use BL21 Star™(DE3) and BL21 
Star™(DE3)pLysS strains if your protein is toxic to E. coli. See 
page v for ordering information. 
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Methods 

Cloning 
 

Introduction The following information is provided to help you clone 
your gene of interest into pET302/NT-His and pET303/CT-
His. For basic information on DNA ligations, E. coli 
transformations, restriction analysis, DNA sequencing and 
DNA biochemistry, see Current Protocols in Molecular Biology 
(Ausubel et al., 1994). 

 
Resuspending 
and 
Propagating 
the Vectors 

Resuspend pET302/NT-His and pET303/CT-His to  
150 ng/μl in sterile water. Store at -20°C.  

To propagate the vectors, use this stock solution to 
transform a recA, endA E. coli strain like DH5α, TOP10F′ or 
equivalent. Transformants are selected on LB plates 
containing 50-100 μg/ml ampicillin. Be sure to prepare a 
glycerol stock of a transformant containing plasmid for 
long-term storage (see page 10). 
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Cloning, continued  
 

Cloning into 
pET302/NT-His 

pET302/NT-His is an N-terminal fusion vector and contains 
an ATG initiation codon and a Shine-Dalgarno ribosome 
binding site (RBS) with optimal spacing for proper 
translation. Your gene of interest must: 

• Be in frame with the N-terminal tag (you may need to 
add additional nucleotides between your gene of 
interest and the restriction site) 

• Contain a stop codon if you are cloning with BamHI 

The multiple cloning region of pET302/NT-His is shown 
below: 
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Cloning, continued 
 

Cloning into 
pET303/CT-His 

pET303/CT-His is an C-terminal fusion vector and contains a 
Shine-Dalgarno ribosome binding site (RBS) with optimal 
spacing for proper translation. Your gene of interest must 
include: 

• An ATG initiation codon  

• If you wish to include the 6x His tag, your gene should 
not contain a stop codon.  

• If you do not wish to fuse your gene of interest to the 
6xHis tag, your gene should contain a stop codon 

The multiple cloning region of pET303/CT-His is shown 
below: 
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Cloning, continued 
 

Ligation Once you have determined a cloning strategy, digest the 
vector with the selected restriction enzymes. Ligate your 
gene of interest into the vector using standard molecular 
biology techniques. 

 
Transformation After ligating your gene of interest into pET302/NT-His or 

pET303/CT-His, transform the ligation mixture into 
competent E. coli. Select 10-20 clones and analyze plasmid 
DNA for the presence and orientation of your insert by 
sequencing or appropriate restriction enzyme digestion. 

 
Sequencing To confirm that your gene of interest is in frame with the N- 

or C-terminal 6X His tag, you may sequence your expression 
construct, if desired. Refer to the diagrams on pages 4-5 for 
the location of the primer binding sites. 

For your convenience, Invitrogen offers a custom primer 
synthesis service. For more information, go to 
www.invitrogen.com or contact Technical Service (page 15). 

Primer Sequence 

T7 Promoter 5′-TAATACGACTCACTATAGGG-3′ 

T7 Reverse 5’-TAGTTATTGCTCAGCGGTGG-3’ 

 
The Next Step Once you have generated your expression clone, you will 

need to transform it into a BL21 E. coli strain for expression 
studies. See page 15 for recommended BL21 host strains and 
media, and proceed to Expression and Analysis, next 
section. 
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Expression and Analysis 
 

Introduction This section provides general guidelines for expressing and 
analyzing your protein of interest. For detailed information 
on transforming your BL21 strain, inducing expression, and 
analyzing samples, refer to your specific BL21 E. coli strain 
manual.  

  
Basic Strategy The basic steps needed to induce expression of your gene in a 

BL21 E. coli strain are outlined below.  

1. Isolate plasmid DNA using standard procedures and 
transform your construct into BL21 cells. Use pET303/CT-
GW/Rac Kinase included with the kit as a positive control 
for transformation and protein expression (see next page). 

2. Grow the transformants and induce expression over 
several hours. Take several time points to determine the 
optimal time of expression. Alternatively, you can grow  
E. coli using MagicMedia™ (see Recommendation, below) 

 

�
�
�
�

�
����	


��
�

 

MagicMedia E. coli Expression Medium allows high yield of 
T7-regulated heterologous protein expression without time-
consuming steps such as monitoring O.D. or adding inducing 
agents such as IPTG. MagicMedia™ is available separately 
from Invitrogen, see page v for ordering information or go to 
www.invitrogen.com for more details. 

 
Plasmid 
Preparation 

You may prepare plasmid DNA using your method of choice. 
We recommend using the PureLink™ HiPure Plasmid 
Midiprep Kit for isolation of pure plasmid DNA. Note that 
since you are purifying a low-copy number plasmid, you may 
need to increase the amount of bacterial culture that you use 
to prepare your plasmid construct. 

Continued on next page 

http://www.invitrogen.com/�
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Expression and Analysis, continued 
 

Choosing a 
Selection 
Agent 

For most purposes, ampicillin works well for selection of 
transformants and expression experiments. However, if you 
find that your expression level is low, you may want to use 
carbenicillin instead. The resistance gene for ampicillin 
encodes a protein called β-lactamase. This protein is secreted 
into the medium where it hydrolyzes ampicillin, inactivating 
the antibiotic. Since β-lactamase is catalytic, ampicillin is 
rapidly removed from the medium, resulting in non-selective 
conditions. If your plasmid is unstable, this may result in the 
loss of plasmid and low expression levels. 

 
Using 
Carbenicillin 

Carbenicillin is generally more stable than ampicillin, and 
studies have shown that using carbenicillin in place of 
ampicillin may help to increase expression levels by 
preventing loss of the expression plasmid. If you wish to use 
carbenicillin, perform your transformation and expression 
experiments in LB containing 50 μg/ml carbenicillin. 
Note: If your gene of interest is highly toxic, increasing the 
concentration of carbenicillin used from 50 μg/ml to  
200 μg/ml may help to increase expression levels. 

 
Expression 
Control Vector 
pET303/CT-
Rac Kinase 

pET303/CT-Rac Kinase is provided for use as a positive 
control vector for protein synthesis in a suitable E. coli host. 
This vector allows expression of a 6x His C-terminally 
tagged fusion protein of 57.7 kDa (Jones et al., 1991). For 
details about the vector, see page 14. To propagate and 
maintain the plasmid: 

1. Resuspend the vector in 10 μl of sterile water to prepare 
a 1 μg/μl stock solution.  

2. Use the stock solution to transform a recA, endA E. coli 
strain like TOP10, DH5α™-T1R, or equivalent. Use 10 ng 
of plasmid for transformation. 

3. Select transformants on LB agar plates containing 50-
100  μg/ml ampicillin. 

4. Prepare a glycerol stock of a transformant containing 
plasmid for long-term storage (see page 10). 

Continued on next page 
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Expression and Analysis, continued 
 

Detection of 
Recombinant 
Fusion 
Proteins 

To detect expression of your recombinant fusion protein by 
western blot analysis, you may use antibodies against the 
polyhistidine tag (such as mouse anti-His monoclonal 
antibody, available separately from Invitrogen) or an 
antibody to your protein of interest. For more information, 
see page v, go to www.invitrogen.com or contact Technical 
Service (page 15). 

 

 

 
The N-terminal peptide containing the 6x His tag will add 
approximately 1.5 kDa to your protein. The C-terminal 
peptide containing the 6x His tag will add approximately 
0.9 kDa to your protein. 

 
Purification of 
Recombinant 
Fusion 
Proteins 

The presence of the N- or C-terminal 6x His tag in your 
recombinant fusion protein allows use of a metal-chelating 
resin such as ProBond™ to purify your fusion protein. The 
ProBond™ Purification System and bulk ProBond™ resin are 
available from Invitrogen (see page v for ordering 
information). Invitrogen also offers Ni-NTA Agarose for 
purification of proteins containing a 6x His tag.  
Note: Other metal-chelating resins and purification methods 
are suitable. 

 

http://www.invitrogen.com/�
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Appendix 

Recipes 
 

Making 
Glycerol 
Stocks 

1. Grow 1-2 ml of the E. coli strain to be frozen in SOB 
medium overnight with antibiotic selection when 
appropriate. 

2. Combine 0.85 ml of the overnight culture with 0.15 ml of 
sterile glycerol (sterilized by autoclaving). 

3. Mix well by vortexing. 

4. Transfer to an appropriate freezing vial (preferably a 
screw cap, air-tight gasket). 

Freeze in an ethanol-dry ice bath or liquid nitrogen and then 
transfer to -80°C for long-term storage. 
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Map of pET302/NT-His 
 

Map of 
pET302/NT-His 

The map below shows the elements of pET302/NT-His. The 
complete sequence of pET302/NT-His is available from 
www.invitrogen.com or by contacting Technical Service 
(page 15.) 
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Map of pET303/CT-His 
 

Map of 
pET303/CT-His 

The map below shows the elements of pET303/CT-His. The 
complete sequence of pET303/CT-His is available from 
www.invitrogen.com or by contacting Technical Service 
(page 15). 
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Features of pET302/NT-His and 
pET303/CT-His 

 
Features of the 
Vectors 

The pET302/NT-His and pET303/CT-His vectors contain 
the following elements. Features have been functionally 
tested. 

Feature Benefit 

T7 promoter Allows high-level, inducible expression of your 
recombinant protein in E. coli strains expressing 
the T7 RNA polymerase 

T7 primer binding site Allows sequencing of the insert 

lac operator (lacO) Binding site for lac repressor that serves to 
reduce basal expression of the recombinant 
protein 

Ribosome binding site  Optimally spaced from the initiation site for 
efficient translation of insert 

N-terminal or C-terminal  
6x His tag 

Allows purification of the recombinant protein 
on metal-chelating resin such as ProBond™ 

T7 reverse primer binding 
site 

Allows sequencing of the insert 

T7 transcription termination 
region 

Sequence from bacteriophage T7 which allows 
efficient transcription termination. 

bla promoter Allows expression of the ampicillin resistance 
gene 

Ampicillin resistance gene  Allows selection of transformants in E. coli 

pBR322 origin  Allows replication and maintenance in E. coli  

ROP ORF Interacts with the pBR322 origin to facilitate 
low-copy replication in E. coli. 

lacI ORF Encodes lac repressor which binds to the T7lac 
promoter to block basal transcription of the gene 
of interest. Also binds the lacUV5 promoter in 
BL21 strains containing the λDE3 lysogen to 
repress transcription of T7 RNA polymerase 
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Map of pET303/CT-Rac Kinase 
 

Map of 
pET303/CT-
Rac Kinase 

The map below shows the elements of pET303/CT-Rac 
Kinase. The complete sequence of pET303/CT-Rac Kinase 
is available from www.invitrogen.com or by contacting 
Technical Service (page 15). 
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  Technical Service 
 

Web 
Resources 

 

Visit the Invitrogen website at www.invitrogen.com for: 

• Technical resources, including manuals, vector maps and 
sequences, application notes, SDSs, FAQs, formulations, 
citations, handbooks, etc. 

• Complete technical support contact information 

• Access to the Invitrogen Online Catalog 

• Additional product information and special offers 

 
Contact Us For more information or technical assistance, call, write, fax, 

or email. Additional international offices are listed on our 
website (www.invitrogen.com).  

 
Corporate Headquarters: 
5791 Van Allen Way 
Carlsbad, CA 92008 USA 
Tel: 1 760 603 7200 
Tel (Toll Free): 1 800 955 6288 
Fax: 1 760 602 6500 
E-mail: 
tech_support@invitrogen.com 

Japanese Headquarters: 
LOOP-X Bldg. 6F 
3-9-15, Kaigan 
Minato-ku, Tokyo 108-0022 
Tel: 81 3 5730 6509 
Fax: 81 3 5730 6519 
E-mail: 
jpinfo@invitrogen.com  

European Headquarters: 
Inchinnan Business Park 
3 Fountain Drive 
Paisley PA4 9RF, UK 
Tel: +44 (0) 141 814 6100 
Tech Fax: +44 (0) 141 814 6117 
E-mail: 
eurotech@invitrogen.com 

  
SDS  Safety Data Sheets (SDSs) are available at 

www.invitrogen.com/sds. 

 
Certificate of 
Analysis 

The Certificate of Analysis provides detailed quality control 
and product qualification information for each product. 
Certificates of Analysis are available on our website. Go to 
www.invitrogen.com/support and search for the Certificate 
of Analysis by product lot number, which is printed on the 
box. 

continued on next page 

http://www.invitrogen.com/�
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Technical Service, Continued 
 

Limited 
Warranty 

Invitrogen (a part of Life Technologies Corporation) is 
committed to providing our customers with high-quality 
goods and services. Our goal is to ensure that every customer 
is 100% satisfied with our products and our service. If you 
should have any questions or concerns about an Invitrogen 
product or service, contact our Technical Support 
Representatives.  
All Invitrogen products are warranted to perform according 
to specifications stated on the certificate of analysis. The 
Company will replace, free of charge, any product that does 
not meet those specifications. This warranty limits the 
Company’s liability to only the price of the product. No 
warranty is granted for products beyond their listed 
expiration date. No warranty is applicable unless all product 
components are stored in accordance with instructions. The 
Company reserves the right to select the method(s) used to 
analyze a product unless the Company agrees to a specified 
method in writing prior to acceptance of the order.  
Invitrogen makes every effort to ensure the accuracy of its 
publications, but realizes that the occasional typographical or 
other error is inevitable. Therefore the Company makes no 
warranty of any kind regarding the contents of any 
publications or documentation. If you discover an error in 
any of our publications, report it to our Technical Support 
Representatives.  
Life Technologies Corporation shall have no responsibility 
or liability for any special, incidental, indirect or 
consequential loss or damage whatsoever. The above 
limited warranty is sole and exclusive. No other warranty is 
made, whether expressed or implied, including any 
warranty of merchantability or fitness for a particular 
purpose. 
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Purchaser Notification 
 

Limited Use 
Label License 
No. 22: Vectors 
and Clones 
Encoding 
Histidine 
Hexamer 

This product is licensed under U.S. Patent Nos. 5,284,933 and 
5,310,663 and foreign equivalents from Hoffmann-LaRoche, Inc., 
Nutley, NJ and/or Hoffmann-LaRoche Ltd., Basel, Switzerland and 
is provided only for use in research. Information about licenses for 
commercial use is available from QIAGEN GmbH, Max-Volmer-Str. 
4, D-40724 Hilden, Germany. 

 
Limited Use 
Label License 
No. 30: T7 
Expression 
System 

The composition and/or use of this product may be claimed in U.S. 
Patent No. 5,693,489 licensed to Life Technologies Corporation by 
Brookhaven Science Associates, LLC. The T7 expression system is 
based on technology developed at Brookhaven National Laboratory 
under contract with the U.S. Department of Energy, and is the 
subject of patents and patent applications assigned to Brookhaven 
Science Associates, LLC (BSA,). By provisions of the Distribution 
License Agreement granted to Life Technologies covering said 
patents and patent applications, Life Technologies grants you a non-
exclusive sub-license under patents assigned to BSA for the use of 
this technology, including the enclosed materials, based upon the 
following conditions: 1 – these materials are to be used for non-
commercial research purposes only. A separate license under 
patents owned by BSA is required for any commercial use, 
including the use of these materials for research purposes or 
production purposes by any commercial entity. Information about 
commercial license may be obtained from The Office of Technology 
Transfer, Brookhaven National Laboratory, Bldg. 475D, P.O. Box 
5000, Upton, New York 11973-5000. Phone (516) 344-7134. 2 - No 
materials that contain the cloned copy of the T7 gene 1, the gene for 
T7 RNA polymerase, may be distributed further to third parties 
outside of your laboratory, unless the recipient receives a copy of 
this sub-license and agrees to be bound by its terms. This limitation 
applies to strains BL21(DE3), BL21(DE3)pLysS and 
BL21(DE3)pLysE, CE6, BL21-SI Competent Cells and any 
derivatives that are made of them. You may refuse this sub-license 
by returning this product unused in which case Life Technologies 
accept return of the product with a full refund. By keeping or using 
this product, you agree to be bound by the terms of this license.  
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