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1. Introduction.

Gateway cloning is a technique based on DNA recombination mechanisms
utilized by the phage Lambda for integration into, and subsg¢gexcision from the
Escherichia coligenome. Gateway system was developed by Life Techedipgind
further refined by Invitrogen after the former was acquingdhe latter in 2000.

In general this technique is no different from any othethowthat relies on cutting and
pasting DNA fragments in order to produce recombinant Dilike restriction-based
cloning, Gateway has extremely low background rates and doesmpose any
requirement on the sequence to be cloned (such as the need for thecabef
particular restriction sites within the region of m#st). Gateway also does not place
many restrictions on the expression vector environmeantfact nearly any conventional
expression vector can be converted into Gateway vimples procedure (as described
later). Finally, Gateway technology is rapid — fuantl expression vectors can be
created within 2-3 days. These features make Gateway leggnumarticularly useful for
protein expression experiments in multiple vector backgroandsexpression systems.
In addition, large libraries of Gateway-adapted ORFs hbeen created by both
academic and commercial entities, therefore cloningaxy genes can often be reduced
to very simple procedures following the acquisition ofdppropriate vector.

2. Brief functional overview of the system.

The process of creating an expression vector using @gtean be broken down
into two major stages:

a) Creation of arEntry vector — which is a plasmid that serves as a universal
donor of the ORF of interestEntry vectors are expression-silent and
therefore convenient for sequencing and storage of thes@GREe they are
not likely to be toxic foiE. col.

b) Transfer of the ORF from thEéntry vector into theDestination vectols) —
which is the plasmid that supplies the elements negefmaexpression, such
as selective markers, promoters, replicative or integraelements, etc.
Destination vectors themselves can be shuttle veaborexpression in other
hosts (baculovirus/insect cells, yeasts, filamentougifumammalian cells,
etc.)

* Very rarely,Att-like sequences can be found within the DNA of interdsé dhances for that are very
low since the shortest of all sitestiB) is 25-nt long, with a strictly conserved core conipgsl4
nucleotides.



(a) The first stage can be accomplished via at lease ttiifferent technologies — those
being conventional (restriction) cloning, Topoisomerase wotpnior Gateway
recombination. The end result of all three approachésisame — to have the ORF of
interest flanked witlAttL recombination sites, to be used in the second stage.
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Figure 1. Construction of Gateway Entry vectors. Anthefmethods on the left side can
be used to generate the vector on the right side.

The first stage invariably utilizes PCR to generate theADkagment of interest.
Therefore, clones obtained in the first stage canator®CR errors, and should be
uniquefied (e.g. by single colony picking) and sequenced. Durindotloaving steps
there is virtually no chance that the DNA of interedit change, therefore sequencing
has to be performed only once — on the Entry vector.

(b) The second stage is Gateway-specific, and involvesnieination betweerttL
(Entry) andAttR (Destination) sites resulting in the transfer led ORF of interest into
the background of the expression vector.
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Figure 2. Construction of expression vectors by LR recortibma

As a result, an expression vector (or expressioreglencreated (unless the Destination
vector is in itself a shuttle plasmid, bacmid, etct)isl noteworthy thatAttL x AttR
recombination reaction producA#B andAttP sites (this is due to the cyclic nature of the
phage propagation ia. coli).

3. How does Gateway achieve nearly 100% background-free cloning?

Gateway relies on two types of selective pressurelieeae >99% efficiency of cloning
(based on numbers of colonies containing correct recobdonaroduct versus all other
colonies). The followindactsare important:

1. The initial AttB-containing PCR amplicon cannot propagate in E. coli

2. The AttP-containing Donor vector is KinAlso, between thattP sites lays a
cassette containing chloramphenicol acetyl transferagd)(@nd a small
protein ccdB, both under a low-level constitutive promotedB is lethal to
normalE. coli cells because it is a component of a plasmid addisystem.
Toxic action of ccdB can be neutralized by either aarexpression of its
partner ccdA or by site-directed mutagenesi€otoli DNA gyrasé. As a
result,the Donor vector is Kfh CIm, and is toxic to normdt. coli.

3. The AttL-containing Destination vector is Afp The same CAT-ccdB
cassette is also nested between#ttie sites.
As a resultthe Destination vector is AipCInT:, and toxic to normék. coli.

During BP recombination, th&ttB-containing amplicon reacts with tAgtP-containing
donor vector. As the result of thisttL andAttR sites are formed and the DNA between

* Currently at least two cell lines are commerciaMgilable that can propagate plasmids expressing ccdB
— specifically the DB3.1” (DNA gyrase mutation) andctdB-survival” (overexpressing ccdA).
¥ Other antibiotic resistance genes are allowed asderigey are orthogonal to Krand CInt



the initial pairs of sites is swapped. The resultingtiea mixture contains four types of
DNA molecules (Fig. 3a):

1. The initial PCR amplicon (does not count asaitinot propagate i&. col)
2. The unreacted Donor vectd¢r®, CIm®, and toxic to normdk. coli)

3. AR product — a linear DNA molecule containing the CAT-ccdBsette
nested between thtR sites &lso cannot propagate

4. The Entry vectorAttL product) — a circular DNA molecule containing the
ORF of interest nested betwegtiL sites Km® only).

It is easy to see that transformation of this reacthixture into normal cloning-grade E.

coli followed by selection ohB-Kan agar results in onlpne kind of DNA molecule
propagating in the cells — namely the Entry vector (4).
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Figure 3. (a) The BP reaction. (b) The LR reaction

After the Entry vector colonies are grown and sequencediethét is a unique Entry
vector which then enters the next step of Gatewayirgdp- the LR recombination. In this
step the AttL-containing Entry vector reacts with thAttR-containing destination
vector(s). As the result of thigttB andAttP sites are formed and the DNA between the
initial pairs of sites is swapped. The resulting reactioixture contains four types of
DNA molecules (Figure 3b):

1. The unreacted Entry vectd{ii® only)



2. The unreacted Destination vecténfp®, CInT', and toxic to normé. colj)

3. AttP product — what used to be the Entry vector, but nowacong the CAT-
ccdB cassette nested betweenAlt® sites Kar'®, CIm, and toxic to normal
E. col)

4. The Expression vectoAf{tB product) — a plasmid derived primarily from the
Destination vector, and containing the ORF of intenested betweeAttB
sites Amp" only).

It is easy to see that transformation of this reactnixture into normal cloning-grade
coli followed by selection ohB-Amp agar results in onlgnekind of DNA molecule
propagating in the cells — namely the Expression vector (4).

4. Detailed look at cloning via Gateway recombination for the purposes ofimprote
expression.

In order to produce recombinant protein in various hostsiet@mbinant DNA
used to express the protein has to contain several kegets:

The ORF encoding the protein of interest.

A promoter, properly positioned upstream of the ORF.

A Kozak or Shine-Dalgarno sequence properly positioneceds tbf the ORF
Regulatory elements necessary for inducible expre¢sidasired).

Elements necessary for selection (not always neededh as resistance
genes, complements of host auxotrophy, etc.

Elements responsible for maintenance of recombinant DiNge host of
choice (not needed for transient expression) sucleplgcation origins or
chromosomal integration loci.

agrwpdE

o

Typically, all these elements are brought togethea pfasmid (usually propagatedtn
coli for convenience). For the efficient use of Gatewaig customary to prepare a set of
Destination vectors — plasmids that carry all the abeleenents minus the ORF of
interest. Destination vectors also carry #tR sites for recombination, positioned in
such a way that recombination product contains the ORRterest properly positioned
with respect to the promoter and the control elemé&htsind C-terminal fusion proteins
can be constructed in the same fashion by incorpor#itig sites within the linker
between the host and the guest proteins. Because thepDbiloned between thisttl
sites in the Entry vector is transferredtirely and in aspecific frameit is necessary to
make a choice whether to design the Entry vector ftagged, un-fused expression, or to
design the Entry vector for expression of tagged (fyspmroteins. For untagged or C-
terminally tagged expression the Entry vector should cont&ih ATG codon in the
context of either Kozak or Shine-Dalgarno sequencesirfasg that the promoter is
supplied by the Destination vector) — schemes 1, 3. Formirtally tagged expression,



the Entry vector need not contain the 5’ elementd, aviously for C-terminally fused
constructs the STOP codon at the 3’ end should bewedn It is often convenient to
incorporate proteolytic cleavage site(s) into the 5’ negibthe Entry vector, to allow for
cleavage of the expressed fusion proteins with site-spgciiteases. Cleavage sites can
alternatively be incorporated into the Destinationt@echowever this results in non-
native residues present on the N-terminus of the clganatdin of interest.
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Expression of an untagged protein. S/D represents Shine-BalgaKozak consensus.
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Expression of an N-terminally tagged protein with a ‘clean protease cleavage site.

Many cloning strategies can be designed depending on theutertxperiment
requirements; however scheme (5) is very conveniergifioultaneous multi-host, multi-
fusion expression of target proteins typically required X-ray studies. The reason for
this is that in (5) all the expression-regulating eletse&onme from the Destination vector
(which means that Entry vector is universal to any exmessystem) whereas the
protease cleavage site is directly attached to the esqugwotein, meaning that all the
unauthentic sequences can be cleaved off the final gupfieduct. We routinely use
TEV? and TVMV® protease cleavage sequericés this purpose — both proteases are
extremely specific (no non-specific cleavage observedhte) and can be expressed in-
house in large quantities.
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* TEV = -ENLYFQ/X-, TVMV = -ETVRFQ/X- where the bedtis G or S.



