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What is ¢C31 integrase?

Sequence-specific serine recombinase from a
phage of Streptomyces coelicolor
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Streptomyces coelicolor colonies. From: Higher Education and Research Opportunitie, the John Innes Centre.

Normal role: integrate phage genome into specific ~34-
bp sequence (attB site) in host genome
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The ¢C31 genome integrates into the
~ Streptomyces genome via ¢C31 integrase

- ®C31 phage

Binding of
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®C31 integrase catalyzes unidirectional
chromosomal integration at native
sites with partial attP identity

l

lattl — Transgene(s)  attR

Integrated plasmid DNA

target genome




Specificity of pC31 integrase

e Retroviral systems often favor integration into
actively expressed genes

* Integration is quasi-random with very large
numbers (>107) of integration sites possible

 Due to the larger sequence recognition of
®C31 integrase, a more restricted pattern of
integration sites have been observed




Where within the human genome
does ¢C31 integrase tend to integrate?

117 independent integration events have
been identified in tissue culture cells

106 of which were mappable to the human

genome
56% of a

With 19c

Number of pseudo-attP sites estimated within
the human genome is 370

| integrations occurred at 19 loci
13.31 being the most frequent




®C31 integration sites across the
human genome
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®C31 integration sites share a DNA
consensus sequence

e The consensus is
symmetrical around the
core _ r

CCTTGGTTAACCTTTAGGTTATCCATGG '
H I N S O &
cA B B c G s
. . Site Name P-value A “
) 2q11.2 1.31E-11 AGAATTRATAC C c c [l 'TiA st MMz c cI'r G G TGATTGATTA 64%
O n a I n S I nve r e 20q11.22 6.48E-10 TAGTATATCCEMT T G T AG T ABNC C T G G GAGCAGTTTC 64%
10g921.2 8.33E-10 CAGAGAAGGTC C i TTAGHEIT T CCATGG AGTRACTTCC 71%
1p33 (L1-A) 1.36E-09 AATGGTAATGC C T IMIG cCTAGGTTATHENCATGG TTTTAGGTCT 9%
N 19q13.31 1.36E-09 aacaarcacAc cMc 6 Tl Bls cElr c c alc 6 tccrrerear  57%
21q21.1 (ERVL) 2.75E-09 Techcrcacclllc T T 6 T TGATAATCCATG G TCATTCTCCA 79%
re e a S eX e n I n Ove r 2q22.2 6.01E-09 TTTAGTTGAAC T 1(; ceccrarcc I'r G A GCATTTATCC 68%
17q25.1-2 3.0BE-DB GCCCTGGGGAC € T MG TTrTcGi@aATCclMla GG TCAACCGGET  64%
Bp22 3.73E-08 AGCAATAAGTEMIC 7.7 G 7l @t Mc ccaTcc acaTTTTARG  B4%
Xp22.31 3.73E-08 AACACACATGC C A \ ! clE TAT Ic alc ¢ AccTarAGGA  61%
5q21.3(L1-B)  B8.53E-08 GCRAGTAGTGC C T @G T@rTceATTATECAMG c cocoanceeeT  61%
t e e n t O t e attP 1.216-07 Tacreccccalllc T MG rrlrct Tt cr M6 teececooTa B4%
X221 2.58E-07 GTCTTTAATGC € T.C A i BMraccrr@rccr e rcortrrrar 7%
1p32.3 3.55E-07 CAGRATCTTTC C G - N ¢ ¢t c G GaccaTaacT  54%
14131 7.08E-07 GTTTCTTCACC G G AGGEMITEMTI CCARG T GTATAACACT  61%
3926.31 8.83E-07 CCTTTTAAGT G € G A G T Alllc c Mt ¢ A cacTGeTATT  46%
Tpid.a 1.10E-08 GACAGTTTCTC C A T Ir; oo rlcalr s rcerTTTCCA  57%
CO n S e n S u S 29311 1.56E-06 TGAATAAGTA T C G ; I GTAAAcCCHMT GG CACTACCTTG  50%
17925.1-1 1.67E-06 TTCAGGAATGE € TTAGGATT r-r AT G G CACAATGTAT 4%
10q25.1 1.78E-06 ATGTACATTT T € c@arcaralllcr Mt c ancooanata  57%

e |dentity to attP ranges
from 46-79%
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Within what genomic elements does
¢C31 tend to integrate?

e Of the 106 mapped integration sites, 39
(36.8%) were in introns, 2 (1.9%) within exons,
and 65 (61.3%) were within intergenic regions

 Approximately 24.4% of the human genome is
intronic, 1.1% exonic, and 75.5% intergenic

e (pC31 integrase is slightly skewed towards
transcriptional units




How does ¢C31 integration compare
to retroviral systems?

e Retroviral systems, by contrast, integrate into
transcriptional units with a frequency as high
as 67% for lentivirus vectors

e Can cause insertional mutagenesis, oncogene
activation and tumor suppressor
dysregulation

e Virally integrated transgenes are subject to
silencing




®C31 integrase mediates integration in
a single copy fashion

Metaphase chromosome spread

 Fluorescence in situ
hybridization (FISH)
was used to
characterize
Integrations

 Probe was to the
integrated attB
plasmid

e Cell was known to
contain an integration
at 8p22 by PCR
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Why use ¢C31 integrase?

e Single-copy, non-viral delivery system

 Simple and effective way to generate stable cell
lines and to genetically modify animals

* Single transfection
o Safe for the user, plasmid DNA

 Works in humans, mice, rats, pigs, chickens, cows,
flies, frogs, bacteria, plants, and yeast




Advantages of ¢C31 integrase

Sustainable transgene expression

Low risk of insertional mutagenesis (which can
often lead to oncogenic phenotype or
chromosomal abnormalities)

|deal for stable transgene delivery to primary
cells (which are often much more sensitive to
random viral integration effects)

Optimal for translating to in vivo applications
(including gene therapy and regenerative
medicine)




Generation of stable cell lines using
the pC31 integrase system

e 293 cells were - phiC31

~+ phiC31
Integrase 4 Integrase
s

transfected with an attB

plasmid and +/- ¢C31 int ! .':: <
The following day cells § .?,':‘
were split 1: 20 onto 10 N
cm dishes A s,

Puro selection was
carried out for 11 days puc

pFC-PGK-MCS-
EF1-GFP-Puro
Dual Promoter
phiC31 Vector

Cat# FC551A-1
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Generation of stable cell lines using
the ¢C31 integrase system

phiC31
attB site

293 cells transfected with
a GFP/puromycin
expressing attB plasmid

pFC-PGK-MCS-
EF1-GFP-Puro
Dual Promoter
phiC31 Vector
Cat# FC551A-1

pUC
orl

After puromycin selection
colonies are formed

Colonies can be picked
and expanded

Integration sites can be
determined by plasmid
rescue or LM-PCR
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Generation of mouse induced
pluripotent stem cells (iPSC)

iPSC Reprogramming
Donor Vector
CAG
promoter
kanineoR ;..v.."l
Ve
I rocran
mPGK1 h
promoter 4;
pCOBLW
SV40pa mSaxd
A SC-PSC -ix phiC31 Reprogrammer
s \ﬂé.,,; —— , Cath FC305A-1 P2a
EA TR cHsd ||
’:‘&-'?; \b;,ﬂ;‘ {Er_-l;‘:“; mii‘ll‘ainr'l\ ) 14'5 kb
MEF-iPSC : s e 40 —
FAT % P2a
A
H ~ 5 8 cHS54 \:\-q siad :\-;1\._\- ot
. 5 s g i ha s A ; 2 W\ nsulator 3 g -
MEF-IPSC-X s 8 'a.. ey ot ‘X s }'é, i i meMyc
Y oy pa WPRE EGFP
; : phiC31 Integrase
ASC-iPSC N NS 3 Expression Vector
ASC-iPSC-X CalE1_Origin
,";;‘ phiC31 Integrase
C [ Expression Plasmid
Catit FC200PA-1
||I I|III Kan 4.9 kb
".\ ]
phiC31_Integrase




The ¢C31 integrase system can generate long-
term transgene expression in mouse liver

" . -4~ PCMVInt+pAA-HCV-IRES-Fluc (n=5)
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Vectors currently available at SBI

phic31

bizH
poly-A Amp” atth site

sS40
‘ poly-4&

GFP+
Puro

pFC-PGK-MC5-

EF1-GFP-Puro
Dual Promoter
phiC31 Vector
Cat# FC551A-1

pFC-EF1-MCS-
PGK-RFP-Puro
Dual Promoter
phiC31 Vector
Cat# FC550A-1 EF1a

phiC31 Integrase
Expression Plasmid

pliC
ori

EF1c Kan

Cat# FC200A-1

[
phic31 PGK phiC31
attl site ng.‘;‘_]ﬁ MCS Integrase
polyh
5"- EcoRl-EcoRV-AccE51-Kpn-Nhel-Avrll-Miul-3' 5'- Clal-Nhel-Accé51-Kpnl-EcoRV-BamHI-3*
cMV puc cMmy pucC

puC
ori

SV40
' poly-A

GFP pFC-MCS-

pFC-CMV-MCS- pFC-CMV-GFP-
« SV40-Kan/Neo VA0 o SV40-Kan/Neo - SV40-Kan/Neo
poly-A Single Promoter Poly-A poly.A Positive Control poly-A Promoterless
V40 phiC31 Vector

phiC31 Vector
Cat# FC520A-1

phiC31 Vector
Cat# FC501A-1

Cat# FC500A-1

phiC31

phiC31 Neo 3
attB site

phiC31
attB site

attB site

5V40

SV40
promoter

promoter

5'- Nhel-Eco47111-Agel-Xhol-Xbal-Spel-Notl- 5’- Xhol-Xbal-Spel-Notl-Nhel-
-BamHI-Bglll-EcoRVHindlll-Ndel-3’

-Sbfl-Pstl-BamHI-Bglll-EcoRV-Hindlll-MIlul-3’

Sy#em Biosciances
Arvehratiqy Drecreenia in FuncSonal Canomic
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