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A one-gtep purification method of the E. coli ribosomewith
associated proteins

Chrigina Alm

Sammanfattning

Ribosomen & et gigantiskt RNA- och protein-komplex, som Oversdter den genetiska
koden till proteiner. Oversdtningen & en dd i det komplicerade maskineri som  utgor
cdlens genuttryck. Hera stora komplex och &en mindre faktorer & inblandade i den, till
synes, vd synkronissrade processen. En ingdende dudie av de proteiner som &
asocirade med ribosomen skulle darfor kunna ge en bild av hur de olika molekylda
systemen i cdllens genuttryck & kopplade till varandra. Ett forga seg i en sadan studie &
at utveckla en metod som mdjliggdr rening av ribosomen i dess ndiva tillsténd, med
associerade proteiner.

Strategin var att sdtta samman det ribosomda proteinet L30 med en peptid som har
dfinitet for en immobilissbar matris. For att optimera reningen var tanken at DNA
sekvensn for peptiden skulle kopplas samman med den kromosomda L30 genen. For
detta adamd awandes rekombindtionssysemet  ?-RED.  Transformationsmetoden
fungerade dock inte under tiden for denna  dudie  Igdlet  utvecklades  en
vektorkongruktion med L30 genen kopplad till en Histag, en peptid med sex hididin
aminosyror. Da rening utfordes pa en maris med afinitet for Histaggar, kunde ett UV-
Spektra typiskt for ribosomer urskiljas.

Examensarbete 20 p i Molekylar bioteknikprogrammet

Uppsala Universtet november 2003
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1. INTRODUCTION

1.1 Aim and background

In spite of the remakable advancement in
ribosome research in the recent years there
is a lack of extendve proteomic and
genomic andyds of the ribosome-associated
proteins and factors. This is manly due to
the lack of efficent and ample purification
methods of the ribosome and its associated
complexes. Last year the yeast ribosome
was purified usng epitope tagging followed
by immuno-effinity purification (Ineda et al.
2002). This sudy ams a dedgning a smilar
sysem for the bacterid ribosome in order to
feclitate  invedigation of complexes
asociated to the ribosome,

The becteid ribosome is a huge
molecular  mechine that trandates the
messenger RNA as it emerges from the
RNA polymerase. The process of trandation
is but a pat of the complex mechinery of
gene expresson, which incudes inducers of
gene transcription, the assembly of the RNA
polymerass,  solicng,  tranddion,  post
trandationd editing and folding of the
peptide chan, degradation of MRNA and
findly, degradation of the syntheszed
protein. Each of these sygems incudes
svad factors, which can play important
rdes in coupling different ectivities to each
other (Alberts, 1998). In recent years it has
dso become deaxr tha  prokaryotic
molecdar processes are Saidly organised
As in edkayotes there ae molecular
dructures that build up a cytoskeeton
(Jones et al. 2001, van den Ent et al. 2001).
How dl these dructures interact and what
mekes the ocdlular processss 0 wdl
synchronized and accurate are not clear at
dl.

Sevad  non-ribosomd  protens tha
bind to the ribosome have dready been
idertified; for example factors and

chgparons involved in ribosome  biogeness
(Hamnpichancha et al. 2001, Méki et al.
2002) and protein trandocation (Prinz et al.
2000). The later interaction has dso been
uggested to promote  chromosome
segregation  due to movements of  the
trandocons towards the membranes when
membrane proteins ae to be co
tranddiondly insated into the membrane
(Woldringh 2002). This is one example of
idess that may be the outcome when looking
into the proteins associated to the ribosome.
Identifying cdlular components thet interact
with the ribosome will cetanly give further
ingght into the deals of the gene
expresson  machinery and the  other
molecular processes in the cdl. Apat from
the fundamentad research interest thet
surrounds the ribosome, the ribosome is alo
of amedicd interest, ance it is the target of
many antibiotics.

Interactions  between  proteins  ae
usudly dudied wusng yeasst twohybrid
assays or protein-chips. However, when
investigeting complex networks of
molecules, the drategy is to purify one of
the proteins in the complex under such mild
conditions that dl othe  molecules
asociaed with it come dong. Theresfter
twohybrid assays may be usdful to
determine the naure of esch protein-

ribosome interaction. Such a one-step
purification method involves  epitope
tagging followed by afinity

chromatography. Once the protein complex
is purified, the components can be resolved
in SDSPAGE or in a 2D-gd folowed by
mass spectrometry andyss. The man long-
tem god of this dudy is to take the
ribosome through this procedure, but in the
ghort time span of this project, the am has
been to devdop a faa ad sSmple
purification  technique for the bacterid
ribosome, in its native condition.



Until now, ribosomes have been purified
udng centrifugation techniques. However,
affinity purification on resns represents a
more direct method over cosedimentation
for assesSng the associated  proteins.
Moreover, dfinity purification is fager and
ampler than the centrifugation techniques
(Inadaet al. 2002).

1.2 Ribosome structur e and function

The bacterid ribosome is a giant complex of
RNA and protens. The total molecular
weight is about 26 x 10° Da Two thirds of
the mass condss of RNA and one third
condds of proteins. The becterid ribosome
is usudly denoted 70S, a messure of its
sdimentation  rate  in sucrose  density
gradients

The 30S and the 50S subunits come
together during initiaion of trandation to
build up the 70S ribosome The 30S subunit
condsgs of a 16S ribosomal RNA (rRNA)
and about 20 proteins. The 50S subunit
weighs twice as much as the 30S subunit
and is composed of a 23S rRNA, a 5S rRNA
and over 30 proteins. The protens ae
Sdtuated on the surface of the ribosome,
dabilizing the RNA dructure (Ban et al.
20000 ad enhacdng  conformationd
changes in the functiond regions (Gao et al.
2003). The gmdl subunit mediates the
contact with the messenger RNA (mRNA)
to be trandated wheress the large subunit
contans the active dte whee the
peptidyltransferase reaction occurs.

The dongation cyde of the amino add
incorporation to the pdypeptide-chan is a
complex process, involving severd factors
where many detals reman to be explained.
Three binding gtes accommodate  amino
acyl-tRNAs and free tRNA. These are the A
(amino acyl), P (peptidyl) and E (exit) Stes
Evey codon-anticodon par passes these
three gtes during trandation. The synthess
dats with initition where the Shine-
Ddgano sequence of the mRNA binds to

the 16S rRNA in the 30S subunit. Initiation
factors IF2 and IF3, hdp sdecting the
initor ~ amincacy-tRNA,  fMet-tRNA™®
and promote 70S ribosome formation (for a
review see Ramakrishnan, 2002). Initigtion
factor IF1 is dso necessxy for initigtion of
protein  synthess but its precise role
remans obscure (Dahlquis and  Puglis,
2000).

The dongdion cydes involve the
eongaion factor EFTu, which in complex
with the aminoacyl-tRNA and GTP is cdled
a ternary complex, which presents the
amnoacyl-tRNA to the A-ste. When the
GTP is hydralyzed the EF-Tu and GDP are
released from the ribosome and the pepticyl
transferase reaction takes place. It is dill not
known exactly how this reaction occurs. To
trandocate the peptide chain from the A-dte
to the P-dtg EF-G dong with GTP is
believed to bind near the A-dte. When the
GTP is hydrolyzed, trandocation occurs and
EFG with GDP is rdessed. The E-dte
tRNA is rdeased when the next ternary
complex bindsin the A-gte.

Termination of synthess happens when
a dop codon (UAA, UAG or UGA) enters
the A-dgte One of the two peptide release
factors RF1 or RF2 binds to the codon dong
with the rdease factor RF3. This binding
triggers the hydrolyss and rdesse of the
peptide chain from tRNA in the P-ste.

During the eongation cydes there are at
leest two proofreading seps, discriminating
the noncognate codon-anti codon hindings
from the cognate ones (for a review see
Ramakrishnan 2002).

1.3 The cloning strategy

1.3.1 Thefusion

When tagging the ribosome one of the 50
proteins can be chosen for the fuson.
However, it is important to sdect a protein
with suitable characteridics such that it does
not severdy intefere  with  ribosome



function it must not have any cadyticd
function, it must not be Stuated 0 that a
fused tag prevents the mMRNA, the
aminoacyl-tRNAs or the nascent peptide
from enteing or exiting the ribosome.
However, the prddlem of placing the tag in a
way that it does not prevent docking
proteins or is redricted by them, beng
prevented from binding the column, remans
unsolved.

L30

5%

Fig 1. The ribosomal 50S subunit in EF-G-GTP
bound state. The structure is solved by Gao et al.
(2003) using cryo-electron microscopy (PDB
accession number 1P85). From this view, the
30S subunit should be placed below the 50S
subunit to obtain the 70S ribosome. RNA is
shown in yellow and ribosomal proteins are
shown in grey. The L30 protein is indicated in
red.

Fig 2: The E. coli ribosomal L30 protein
backbone. The protein consists of 58 amino
acids, weighs 6411 Da and is located on the
surface of the 50S subunit, having both the N-
terminal (upper) and the Gterminal (lower)
directed outwards from the ribosome. The
structure is a part of the 50S structure shown in
figure 1.

The gndl ribosomd protein L30 (dso
known as rpmD), located on the surface of
the large subunit, was found to be a suitable
candidate. It has both C- and N-teminds
pointing outwards from the ribosome, it has
no known cadytic function and it is far
away from both entranceand exit channds

To obtan cdls homogenous for the
epitope tagged protein, and to avoid tagged
L30 proten in excess, the modified gene
should preferdbly be insated in  the
chromosome, replacing the origind  gene
The dternaive is to inset the gene in a
vector and to erae the wildtype gene from
the chromosome, which involves double
sreening. Moreover, expresson  of  the
tagged protein from a vector may lead to a
large amount of free tagged L30 proten,
which makes an additiond purification Sep
necessxty in order to separate the tagged
ribosomes from the tagged L30 proteins.

Snce the screening of the chromosome
ingation was veay time conuming, a
transformation with a vector condruct was
meade in padld to examine the hinding
efficiency of the fuson tag on the ribosome.

1.3.2 The transformation

Two transformetion methods were used; one
traditiond vector doning and one newer
method, cdled | -RED, where liner sngle
dranded oligonucleotides are added to the
becterid chromosome via  dectroporation
with E. coli drans contaning | prophage
genes. This latter method was developed by
Yu et al. (2002) ad has quickly become
widdy used The method for chromosomd

enginering is based on  homologous
recombination and therefore the
methodology is often refered to as
recombineering (for review see Court et al.
2003).

The prophage genes exo, bet and gam
give the gene products Exo, Beta and Gam.
These protens teke active pat in
recombination. The prophage genes ae



under  transriptiond control of  the
temperature  sendtive  I857  repressor.
Transcription  is  therefore induced by a

temperature shift to 42°C for 15 minutes,
which gives a tigt regulation and
coordinate  expresson, leading to high
recombingtion frequencies Gam inhibits the
RecBCD nucleese from digesting linear
DNA ad Exo axd Bea generae
recombination activity (Yu et al. 2000). Exo
cregtes dicky ends on dsDNA, endbling
recombinaion. However, in this dudy
ssDNA was used, making the exo gene
product superfluous Ddeion of gam only
decreases the number of transformants five-
fod when recombining with sngle-stranded
oligonudectides (Ellis et al. 2001). This is
probably due to the fact tha RecBCD
degrades  dngle-stranded  dligonudectides
much more dowly then double-stranded
ones (Sriprakash et al 1975). Hence, Beta is
the only absolutdy needed recombinase
gnce it binds to the oligonudeotide and
protects it from dngledrand nuclesse
attack. The Beta protein aso heps the linear
frgment to aned to the complementary
sequence on the chromosome.

This method works for fragments with
DNA homology sequences as short as 30-50
bp on the ends of lineer DNA (Yu et al.
2000). The liner DNA therefore contains
the tag surrounded by 30 bp on each end,
which  will  be incorporaed in the
chromosomd gene  via homologous
recombingtion.

Insation  of ssDNA  oliges mod
probably heppens when the chromosoma
DNA is dngle dranded, as it is during
replication. At the replication fork, the
lagging strand is exposing a larger dretch of

sngle dranded region than the leading
drand does, and therefore the
digonudentide identicd to the Okazaki

fragment would be expected to give a
tenfold higher frequency of transformants
(Bllis et al. 2001). The efficiency of this

sydem when usng a sngle-stranded dligo
complementary to the lagging srand is in
the order of one transformant per thousand
aurviving cdls after eectroporaion (Yu et
al. 2003). However, the oligo sequence
itsdf can affect the recombination efficiency
ten times down o a hundredfod up
(Congatino and Court 2003). Usng
double-granded oligos seems to dways give
fewer recombinants (Yu et al. 2003).

Oligonucl eotide ~90 bases

+
Chromosomal DNA

I —

' Homol ogous recombination

Thanks to the Beta recombinase function!

Fig 3: Transformation of linear DNA into the
chromosome using the ?-RED system.

ssDNA protected and guided by Beta

/

Lagging strand with
Okazaki fragments

Fig 4: The situation at the replication fork. The
lagging strand exposes more ssDNA than the

leading strand does, resulting in larger
recombination frequencies for ssDNA oligos
identical to the Okazaki fragments.

Leading strand



1.3.3 Tags

There are a number of avalable fuson tag
sysems ranging from one amino add to
whole enzymes with a sze of more than 100
kDa (Einhauer and Jungbauer 2001). The
means of interaction with the solid phese
during chromatogrgphy vary as wel as the
dution goproach, which can  involve
changing the pH, sdt concentraion or the
concentration of a competitor to the hinding.
Even more advanced sydems,  which
involve restriction enzymes, can be found.

In this sudy a very mild dution method
is required; chaging the pH o <t
concentration can decrease the dability of
the complex with associated proteins.
Moreover, the tag should be quite smdl to
avoid interaction with the complex itsdf. In
order to make the system usdul for other
scientists, the components of the sysem
should be commonly avalable and not too
codly. Two such tags are the His and the
FLAG™ tag. In this case the Histag
condsts of dx or seven hididines, fused into
one of the terminds of the L30 proten.
Purificstion is  accomplished by the
higidines chdding to dvdent ions in a
lid phese ad dution is made by
competition with imidezole, an aomatic
molecule mimicking the dde chan of
higidne  The drawback of this method is
tha imidezole degrades RNA, demanding a

didyss dep immediady after  dution.
Usng the immunogenic FLAG™ tag
APTYrLYySAPAPAPATLYS ingtead

requires a vey expendve anttibody. The
great advantage of the FLAG™ tag, though,
is the lage <specficity due to the
immunogenic  proparties  Since  thee  two
tags have different characterigtics,
advantages and drawbacks, it is interesting
to try both sysems and to find out which
one meets our demands the best.

For the vector condruct, the FLAG™
tag was not used dnce the large amount of

tagged protens would demand lage scde
dfinity chromatography, leading to the use
of large amounts of cogly antibody. Instead
the hididine tag was used for the vector
congtruct.

2. METHODS
2.1 Trandfor mation

2.1.1 ?-RED cloning

Oligonudectides for the recombinaion are
described in Table 2 and fig 5. Since the
L30 gere is located on the left replichore of
the chromosome and its pogtion is counter
dockwise (Cdlibri World-Wide Web sarver:
www.genolist.pagteur fr/colibri/ (14 Nov.
2003)), odligos complementay to the gene
sequence itsdf should be used in order to
meke them aned as Okazeki fragments
during replication.

Competent cdls for induction of the | -
RED sygdem and for eectroporation were
prepared as described by Yu et al (2000):
Overnight cultures of the strains described in
Teble 1, grown a 30°C, were diluted 50 fold
in 50 ml LB and grown a 30° C until ODgo
was 0.50.6. The recomhbination sysem was
induced in a 42°C water bath with shaking
foo 15 min. All subsequent deps were

performed a 0°C-4°C.
Table 1: Strainsused in transformation
experiments
Strain Genotype
DY 329 W3110 ?lacU169 nadA::Tn10 gal4901c857
?(cro-bioA)
DY 380 DH10B {| cI857 (cro-bioA) <> tet}

NC397 TetS Kan® gal490 {Icl85772(cro-hioA)}

HMES5 W3110 ?(argF-lac) U169{l cI857Aao-hicA)}

HME6 W3110 ?(argF-lac) U169{l cI857?(cro-
bioA)}galK tyrissuac

TOP10 F- merA ?(mrr -hsdRMS-mer BC) f80lacZDM15

?lacX74 deo®recAl araD139 ? (ara-le)7697
galU galK rpsL (Str") endAl nupG

All strains except TOP10 were kindly provided
by D. Court, National Cancer Institute-
Frederick. TOP 10 cells were purchased from
Invitrogen (cat nr C404006).



The samples were trandferred to pre-cooled
centrifuge tubes and were spinned down in 5
000x g for 10 min & 4° C. Each pellet was
disolved in 2 m wae and theredfter
diluted in 30 ml water, followed by a second
$in down and a repetition of the washing.
The pdlets were disolved in 1 ml waer
eech and spinned down in eppendorf tubes
a maximum spead in a micro centrifuge for
10 min a& 4°C. The pdlets were resuspended
in400 nh water.

50 Wl ice-cold cdl suspenson was mixed
with dligonudeotides (1 pma in the weo
first trandformations and 5 pmoles in the
third) and was eectroporated usng pre-
cooled 0.1 cm cuvettes in a Bio-Rad gene

pulser st & 1.8 V and 25 pF with a pulse
controller set a 200 W.

Electroporated cells were added to 5 ml
LB and were grown for two hours and were
theresfter diluted 10° times and spread on
LB-plates Cdls dectroporated with the
control  oligo were soread on MacConkey
aga contaning 1% gdactose. The plates
wereincubated & 30.

5’ ccggt

at cat cgccggt ggt gcaat gcgegcecgtt ct ggaagt ¢
gct ggggt t cat aacgtt ct ggct aaagcct at ggttcc
accaacccgat caacgt ggtt cgt gcaact at t gat ggc
ct ggaaaat at gaatt ct ccagaaat ggt cgct gccaag
cgt ggt aaat ccgt t gaagaaat t ct ggggaaat aaacc

1 - atg gca aag act att aaa att act caa acc
31 - cgc agt gca atc ggt cgt ctg ccg aaa cac
61 - aag gca acg ctg ctt ggc ctg ggt ctg cgt
91 - cgt att ggt cac acc gta gag cgc gag gat

121 - act cct gct att cgc ggt atg atc aac gcg
151 - gtt tcc ttc atg gtt aaa gtt gag gag taa

gagat gcgt ttaaatactctgtctccggccgaaggcet cc
aaaaaggcgggt aaacgcct gggt cgt ggt at cggt t ct
ggcct cggt aaaaccggt ggt cgt ggt cacaaaggt cag
aagtctcgttctggcggt ggcgt acgt cgcggtttcgag
ggt ggt cagat gcct ct gt accgt cgt ct gccgaaattc

ggctt 3’

Fig 5 The L30 gene with surrounding sequences. The flanking regions of the oligos used for the ?RED

transformation will anneal to the underlined sequences.



Table 2: oligonuclectides used for ?-RED transformation, and the final sequences

The
Oligonucleotide 5'-3' Sequence Producel final
1gonu | qu roducer gene
FLAG GCGGGTTTGAGTAATTTTAATAGTCTTTGCTTTGTCATCGTCGTC( Invitrogen sequen
TGTAGTCCATGGTTTATTTCCCCAGAATTTCTTQAAC cewill
Final gene sequence GTTGAAGAAATTCTGGGGAAATAAACCATGGACTACAAGGACGA a]ft'se
GATGACAAAGCAAAGACTATTAAAATTACTCAAACCOGC arer &:j
secon
HIS GCGGGTTTGAGTAATTTTAATAGTCTTTGCATGATGATGATGATG! Sigma-Genosys replica
GATGCATGGTTTATTTCCCCAGAATTTCTTCAAC tion.
Final gene sequence GTTGAAGAAATTCTGGGGAAATAAACCATGCATCATCATCATCAT( The
ATCATGCAAAGACTATTAAAATTACTCAAACCOGC sequen
cesin
Control oligo AAGTCGCGGTCGGAACCGTATTGCAGCAGCT T TATCATCTGCCGCTG Sigma-Genosys bold
GACGGCGCACAAATCGCGCTTAA repres

ent the actual tag, which will be N-terminal fused to the L30 gene. The bold TAT in the control oligo isthe
codon that will be back-mutated from the stop codon TAG.

sequence (see fig 7). The dicky ends on the

2.1.2 USER friendly cloning

The L30 gene was amplified with PCR
usng primers desgned for doning with the
USER kit (New England Biolabs), see Table
3. The PCR reaction ingredients were as
described for the PCR method, with 55°C
anneding.

10 I PCR products were mixed with 20
ng of the 27 kb linear vector pNEB205A
(containing lacZa, multipe doning dgte
origin of repliction and bla) and one unit
USER (uracil-gpecific  exciSon  resgent)
enzyme, which will produce dicky ends on
the PCR product, by removing the ggagacau

DNA fragment can then anned to the
complementary gicky ends (ggagacat) in the
linearized vector pNEB205A, which there
after will be crcular.

The mixture was incubated for 15 min &
37°C ad for addtiond 15 min & room
temperature, where after 100 pl TOP10
Chemicdly Competent E. coi cdls
(Invitrogen) were trandformed with 10 pl of
the mixture by incubating on ice for 30
minutes followed by 30 seconds heat-
shocking a 42°C and chilling on ice for 1
min.

Table3: Primersused for USER friendly cloning and sequencing of theinsert.

Primers 5-3' Sequence Producer
Start GGAGACAUAAGGAGGT AACCATGGCAAAGACTATTAAAATT Invitrogen
End GGGAAAGUTTAGTGGTGGTGGTGGTGGTACTCCTCAACTTTAACCATGAA  Invitrogen

M13

forward TGTAAAACGACGGCCAG
M13

reverse CAGGAAACAGCTATGACC

Sequencesin bold will anneal to the L30 gene during the PCR. In the end-primer six GTG areincluded. These will
give six CAC codonsinthe 3" end of the L30 gene, just before the end codon, yielding a C-terminal His-tag. The
sequencing primers will anneal to thelacZ gene, outside the multiple cloning site.



5’ ccggt

at cat cgccggt ggt gcaat gcgcgecgtt ct ggaagt ¢
gct ggggt t cat aacgttct ggct aaagecct atggttcce
accaacccgat caacgt ggtt cgt gcaact at t gat ggc
ct ggaaaat at gaatt ct ccagaaat ggt cgct gccaag
cgt ggt aaat ccgt t gaagaaat t ct ggggaaat aaacc

1 - atg gca aaq act att aaa att act caa acc
31 - cgc agt gca atc ggt cgt ctg ccg aaa cac
61 - aag gca acg ctg ctt ggc ctg ggt ctg cgt
91 - cgt att ggt cac acc gta gag cgc gag gat

121 - act cct gct att cgc ggt atg atc aac gcg
151 - gtt tcc ttc atg gtt aaa gtt gag gag taa

gagat gcgt ttaaat act ct gt ct ccggccgaaggct cc
aaaaaggcgggt aaacgcct gggt cgt ggt at cggt t ct
ggcct cggt aaaaccggt ggt cgt ggt cacaaaggt cag
aagtctcgttctggcggt ggcgt acgt cgeggtttcgag
ggt ggt cagat gcct ct gt accgt cgt ct gccgaaattc

ggctt 3’

Fig 6: The L30 gene with flanking chromosomal regions. The primers start and end will anneal to the underlined

sequences.

gag gta acc atg
1 - atg gca aag act
31 - cgc agt gca atc
61 - aag gca acg ctg
91 - cgt att ggt cac
121 - act cct gct att
151 - gtt tcc ttc atg
act ttc cc 3

Fig 7: Thefinal PCR product for the USER™ friendly cloning. The upper underlined sequence will be removed,
whereas the lower underlined sequence will constitute the sticky end. The double stranded DNA molecule may there

5 g gag aca uaa

gca
att
ggt
ctt
acc
cgc
gtt

ggt
att

acc
cac
cgt
gat
gcg
taa

gga
aaa
caa
aaa
ctg
gag
aac
gag

att

act
ccg
ggt
cgc
atc
gag

act

att
ctg
ctg
gag
atg
gtt

aag
aaa
cgt

ggc
gta
ggt

aaa

after anneal to complementary sticky endsin the linear pNEB205a vector, making it circular.

2.2 Screening

2.2.1 PCR method
To detect 2RED trandformants, the forward
primers were designed to anned to the tags
and the revase primer was designed to
anned 200 bases downdream, just a the
end of the L30 gene. Control PCRs were
pefoomed wusng a forwad primer,
complementary to a sequence 200 bases
upstream of the L30 gene.

Conditions were varied to achieve an
optimized PCR sysem for each of the two
inserts usng non-homogenous colonies and

cultures (2 I culture to 20 I reaction mix)
a templae Homogenous sngle colonies
were streened by adding a smal amount of
cels to 20 m reaction mixes contaning 10
pl 10x PCR buffer (Amersham), 8 pl dNTP
(Amesham), 1 Wl of each primer and 1 pl
Taq DNA polymerase (Amersham) per 100
pl reection mix. For primers anneding to
the His tag 02 mM Mg** was added to the
mixture and the PCR was run with 52°C
anneding temperature. PCRs with the dart
and end primers and the primer anneding to
the FLAG™ tag wee run with 55°C
anneding and the control primer was run
with ather 52°C or 55°C. The themd



cyding program was 95°C for 5 min, 95°C
for 40 seconds the actud aneding
temperature for 45 seconds, back to step two
30 times and findlly 72°C for 7 min. T

The PCR produds were resolved on & [ possseemey
1.5% agaose gd contaning EtBr (0.5 ngl).

Bands were visudized under a UV-lamp.
PCR with the primers start and end was 200 bp

run on plaamids purified from the 400 bp

transformed TOP10 cdls (1 pl template to a ‘ ’

25 ul reaction mix).

Fig 8 Scheme of the chromosomal DNA, primers

and PCR/products. Primers from the left are:
Control, tag specific and reverse. Purified PCR
products from a PCR with control and reverse
primer can be used as template for a PCR with the
tag specific primer. See also fig 12.

5’ ccggt
at cat cqgccgat ggt gcaat gcgcgccagttct ggaagtc
gct ggggt t cat aacgttct ggct aaagcctatggttcc
accaacccgat caacgt ggttcgt gcaact att gat ggc
ct ggaaaat at gaatt ct ccagaaat ggt cgct gccaag
cgt ggt aaat ccgt t gaagaaat t ct ggggaaat aaacc

1 - atg gca aag act att aaa att act caa acc
31 - cgc agt gca atc ggt cgt ctg ccg aaa cac
61 - aag gca acg ctg ctt ggc ctg ggt ctg cgt
91 - cgt att ggt cac acc gta gag cgc gag gat

121 - act cct gct att cgc ggt atg atc aac gcg
151 - gtt tcc ttc atg gtt aaa gtt gag gag taa

gagatgcgtttaaatactctgtctccggccgaaggctcce
aaaaaggcgggt aaacgcct gggt cgt ggt at cggt t ct
ggcct cggt aaaaccggt ggt cgt ggt cacaaaggt cag
aagtctcgttctggcggt ggcgtacgtcgecggtttcgag
ggt ggt cagat gcctct gt accgt cgt ct gccgaaattc
ggctt 3’

Fig 9: The 180 bases gene L30 with 200 bases surrounding sequence. Underlined sequences correspond to the
control primer andto the reverse primer.
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Table4: Primersused in screening and sequencing of DNA recombined using the >-RED system.

Primer Sequence Producer
Control CCGCTATCATCGCCGGTGG Sigma-Genosys
His ATGCATCATCATCATCATCATCATGCA Invitrogen
Flag GACTACAAGGACGACGATGACAAA Invitrogen
Reverse TTACTCCTCAACTTTAACCATGAA Invitrogen

The control primer will anneal to a sequence 200 bp upstream of the L30 gene. The Hisand Flag primers
will anneal to the inserts and the reverse primer will anneal to a sequence in the end of the L30 gene.

2.2.2 Colony hybridization

270 ng of the His and Hag oligos were
labded with 3?P-2ATP (Amersham) using
30 units of Poynudeoteide Kinae T4
(USB) in PNK buffer (USB). The mixtures
were incubated a 37°C for 3 h and the
oligos were purified from free ATPs usng a
G50 gd cdumn (Ameasham) in a miao

centrifuge.

Colonies were transferred to a
Hybord™-N nylon membrane (verson
LRPNN/95/10, Amersham). The

membranes were theregfter put with the cdl
Sde up on 3MM papers, which were soaked
with the folowing solutions 10% SDS
denaturation buffer (1.5 M NaCl, 500 mM
NaOH) and twice in neutrdization buffer
(150 mM NaCl, 500 mM trizma basg), for
three minutes each. The membranes were
washed vigoroudy in 2x SSC (30 mM tri-
sodium citrate, 300 MM NaCl, pH 7-8).

After ar drying the membranes, DNA
was fixed to them usng a Bio-Rad UV-
crosdinker (150 mJ). The membranes were
put into hybridization tubes and were treated
with hybridizetion buffer (036 SDS, 75
mM tri-sodium citraale 750 mM NaCl, 5%
sSDNA gd, 5% 100x Denhardt's solution)
for 30 minutes a 65°C.

The labded  dligonudeotides  were
denaured and added to the hybridization
buffer (10 pl oligo per 20 ml buffer) for
incubation over night a 65°C with gentle
agitation. The membranes were washed with

Ix SSC, 01% SDS a 65° for 15 min
folowed by a wash with 0.1x SSC, 0.1%
DS a 65° for 15 min. The membranes
were exposed to a phogphorimage cassette
for three days.

The cassettes were scanned with a 400
series Phosphorlmager (Molecular
Dynamics) and the images were andyzed
using ImageQuaNT Versgon 4.2a
(Molecular Dynamics).

2.3 Confirmation of insert

2.3.1 DNA purification and PCRs on PCRs
PCR products were purified usng the

Promega kit “Wizad PCR preps DNA
purificstion sysem” usng a vacuum
manifold.

Plasmids were purified usng the QIA
Sin Minipregp  Kit  Protocdl with  a
microcentrifuge.

Purified PCR products from a control
PCR (see PCR screening) were used as
template for tag specific PCRs (1 ul purified
DNA in 50 pl reaction mix).

2.3.2 Western Blot
30 m culture (diluted 10X from ODgoo =0.2)
was loaded onto an SDSPAGE gd (5%
acryl amide dacking gd and 18% acryl
amide rexlving gd) which was run a 200
V. 200 ng of a pogtive control (N-termind
FLAG™ fudon protein) was run in the
same gel.

The gd was blotted onto a nitrocdlulose
membrane over nigt a 30 V, 4°C.

1



Thereefter the membrane was blocked with
BLOTTO (5% nonfat Semper dry milk in
PBS buffer) for 90 min with shaking.

Pimary atibodies (Sgma poly-dond
atiFLAG), diluted 110 000 in BLOTTO,
immersed the membrane for 2 h. Theresfter
the membrane was washed three times with
BLOTTO. Seconday antibody (Anti-rabbit
lgg Ameasham), dluted 15 000 in
BLOTTO, immersed the membrane for 30
min, where after the membrane was washed
with PBSTween (0.5 % Tween 20 in PBS
buffer). 2 ml of each ECL reagent
(Pharmacia) were mixed and incubated the
membrane for one minute. After exposng
the membrane to an ECL-film for 30 min,
the film was deve oped by hand.

2.3.3 Sequencing

Sequencing of purified control PCRs was
performed with a BECKMAN COULTER
kit, udng 10 pmoes of primers and 100-200
fmoles of templae DNA. The thermd
cyding program was 96°C for 20 seconds,
50°C for 20 ssconds, 60°C for 4 min for 30
cycles.

The sequencing products were
precipitated according to the BECKMAN
COULTER protocal: 2 pl 3M NaOAc pH
52, 2 4 100 mM EDTA and 1 pl glycogen
(20 mg/ml) was added to every sequencing
reection mixture After mixing, 60 pl 95%
ethanol from -20°C freezer was added and
the solution was centrifuged a maximum
seed in a microcentrifuge for 15 minutes.
The supenatant was discaded and the
pdlet was washed with 200 pl 70% ethandl
from -20°C freezer and spinned down. The
procedure was repeated once. The pellet was
ar dried under a lamp and resuspended in
b5 ul Sample Loading Solution
(BECKMAN COULTER). The gd running
and andyss wee pefomed by Sv
Sromberg, Depatment of  Immundlogy,
Uppsaa Universty.

Sequencing of purified nested PCRs and
of the insat in the pNEB205a vector, was
pafoomed with a Mega BASE 1000 kit
(Amersham Biosciences) by Ulla Gudafson,
Dept. of Animad Breading and Gendlics
UppsdaUniversty.

2.3.4 Sability of insert

The dability of the insat was invedtigaed
both with the PCR mehod and with
Wegern Blot on colonies that had been
growvn in cultures and been regpread once
and twice Glycerol docks were dso
checked for the insert with the PCR method.

2.4 Expression and purification

Overnight cultures of tranformed TOP10
cdls were grown a 37°C in LB medium
contanng 1ImM IPTG  ad  50ug/ml
ampidllin. Cdls were spinned down a the
late log-phase and cel pellets were frozen in
-20°C.

Before lyds, cdls were thawed on ice
and resugpended in lyss buffer  (50mM
NaH,PO;, 300mM NaCl, 10mM imidazole)
with 20ug DNasal per gran cdls The
cellsugpenson was frenchpressed twice and
cdl debris was soinned down a 34 500x g
foo 20 mn a 4°C. 1 ml cobdt resns
(TALON™  Superflov™ Metd  Affinity
Resn, BD Biostiences) were added to the
upernaant and incubated for one hour with
agitation a 4°C. The redns were collected
in a minicolumn and were washed twice
with 8ml wash buffer (50mM  NaH;PO;,
300mM  NaCl, 20mM imidazole). Bound
proteins were duted with 05 ml dution
buffer  (50mM  NaH2PO4, 300mM  NaCl,
250mM imidezole) and the fraction was
immediatdy didyzed into polymix buffer
(9BmM KO, 5mM NH4Cl, 5mM MgOAc,
05 mM C&l,, 8nM Putrecing  1mM
spermiding) with 5mM KPQ; (pH 7.5) ad
1ImM DTT a 4°C over night.

2.5 Detection



the
in a

The UV-gpectra (220-320 nm) of
didyzed samples were invedigaed
spectrophotometer (HITACHI U-2001).

3. RESULTSAND DISCUSS ON
3.1 Transformation

3.1.1?>RED
The dectroporaion time congants were al
in the range of 44 to 49 msx, whichis a
bit too low to be optiimd; it should be &
least 5.0 msec.

From the firg transformation
experiment, 85 colonies were screened for
the FLAG™ tag insat and 275 for the His
tag insat. One FLAG™ clone was found,
the 200-bp band in fig 10A is very sharp ad
the corresponding lane for non-transformed
cdls shows no such band (fig 10B). Since
FLAG™ gedific PCR products on purified
control  PCR products from transformed
cdls gave a band as sharp as that from the
tag soecific PCR directly on the transformed
cdls the inset and its podtion seemed
correct (fig 11).

Fig 10: FLAG™ tag specific (lane 1) and
control PCR (lane 2) products resolved on a
15% agarose gel with a 50 bp marker
(Amersham Biosciences). Li ne 3 showsa control
PCR with no template. A: transformed colony.

B: non-transformed colony.

A B C
. e E —
Fig 11: A: FLAG™ tag specific PCR on

purified control PCRs from non-transformed
cells (lane 1), the purified control PCRs, diluted

as when used as template (lane 2), 50 bp marker
from Amersham Biosciences (lane 3). B: 50 bp

marker(lane 1), purified control PCR on
transformed cells diluted as when used as

template (lane 2), FLAG™ tag specific PCR on
the purified control PCR products from
transformed cells (lane 3), FLAG™ tag specific
PCR directly on transformed cells. C: FLAG™

specific PCRs on purified PCR products from
FLAG™ specific PCRs on purified control PCR

products from transformed cells (lanel).
FLAG™ specific PCRs on purified PCR
products from FLAG specific PCRs on purified
control PCR products from non transformed
cells (Lane 2), 50 bp ladder from Amersham
(lane3).

The 200-bp band in the fird lane in fig 11A
is puzzing, though. FLAG™  gpedfic
colony PCR on nontrandformed cdls never
gave a PCR product, but when the PCR was
run on purified control PCR fragments from
nontranformed  cdls they  showed
products from the FLAG™ gpedific PCR.
Since the corresponding band from the PCR
on induced cdls was much sharper, the
wesk band could a fird be conddered as
not sgnificant, but when a FLAG™ gspedific
PCR was run on the purified products from
the FLAG™ gpecific PCR on the purified
control PCRs, the bands from the PCR on
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DNA from trandoomed and non
trandformed cdls were equdly intense (Fig
11C). A sygemdic explanation of the PCRs
on different PCR productsis givenin fig 12.

To explan this observaion, sequencing
of the FLAG™ gpecific PCR products on
the control PCR products was performed.
Dexpite severd  dtempts and help from
experts, no sequence could be read out from
these fragments. However, sequencing of
purified contro  PCR  products  from
trandormed and nontransormed  cdls
worked and they showed the sime sequence,
with no tag present in the trandformed cdlls.

Tag specific PCRs on cdls sresked
from the pogtive colony showed no insat
(fig 13), indicating thet the insat was not
dable. This idea was further supported by
the Wesern blot, which showed that there
was no expression of the FLAG™ tag in the
cdl culture from the postive colony (fig
14).

Transformed cell Non-transformed cell

N =
— = ControlPCR ____ 7
p— =<
N Tag specific
—IT— PCR on the —
< Purified 400 bp =
fragments
— Tag specific PCR No product
< on the purified
200 bp fragments
No product

200 pb

Fig 12: The expected results from PCRs on
different PCR products. However, in this study
there are PCR products where hey are not
expected, as shown in fig 11. Between each PCR
the fragmentsare purified.

— ————— — — - =g T

Fig 13: Lane 1 contains control PCR products from
the positive FLAG™ tag clone and lane 2 contains

FLAG™ tag specific PCR products from the same
colony. Lanes 3, 5, 7, 9 and 11 show PCR products

from control PCRs on cells grown from the positive
clones. Lanes 4, 6, 8, 10 and 12 contain the FLAG™
tag specific PCR products from the same colonies as
inthelanes1, 3, 5, 7, 9 and 11 respectively. The cells
used for the PCRs in lanes 3 and 4 were streaked
from the positive clone onto a LB plate. The cells

used for the PCRs in lanes 5 and 6 were grown in a
liquid culture from the positive clones and were
thereafter spread on a LB plate. The cells used for
the PCRs in lanes 7 and 8 were streaked from the
cells used in lanes 5 and 6. The cells used for the
PCRs in lanes 9 and 10 were taken from a glycerol

stock from the positive clones. Lanes 13 and 14 are
positive controls with no template.

-

Fig 14: The developed film from the Western

blot. The positive control is the only present
band.

Severd explanations for these
obsarvations are possble. One is tha the
FLAG™ gpedific PCR products did not
contain the insert, but some features in the
L30 gene of the particular cdl caused the
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FLAG™ primer to anned. This could be the
same feature that mekes the primer
aneding to the purified contrd PCR
fragments from nontransformed cdls. A
second possble explanation for these results
is thet the insat somehow was excduded
from the genome as the cdls grew. Another
explandtion is tha some  secondary
dructure, pre-terminating transcription,
aose due to the insation. Since L30 is
gtuated in the spc-operon with genes coding
for other ribosomd proteins and the protein
export protein secY (Ceretti et al. 1983), a
dopped transcription will be lethd to the
cdl. This explanation is contradicted by the
fact that the trandformed cdl has grown both
in ligud cultue and on a plae after the
eectroporation and dill showed the insart in
the colony-PCR.

Despite extengve research in the field of
genetics, some properties reman more or
less dusve for indance duplication Yu et
al. (20000 have repoted dout diploid
trandformants arisng when usng the ?-RED
recombination sysem. This could patly
explain the observed indahility.

The  surprisng feature  of  the
trandformants in this sudy is that they Al
sem to lose the inset a exactly the same
stage.
The technique of recombineering is
highly sendtive to midekes one may have
to peform severd transformations to obtan
ay recombinants (E coli sran provider,
pesond communicaion). Therefore, the
experiment was repested.

After the second transformation, 170
colonies expected to have the FLAG™M-
insert and 100 colonies expected to have the
Hisinsart, were streened usdng  colony
hybridization. 13 colonies hybridized with
the Hisdigo axd 19 coonies hybridized
with the FLAG™-digo, showed sgnds that
were bdieved to be podtive (fig 15).
Howewer, when checking these colonies

with the PCR-method, they dl turned out to
be negative.

Fig 15: The colony hybridization membrane,
developed on a phosphorimage plate, from 50
NC397 E. coli colonies hybridized with the
FLAG™ oligo. The seven strongest signals were

investigated with PCR. However, they all turned
out to be negative.

At this point it became clear tha the
screening Srategy was inefficient.
Outgrowth of the cdls directly after
trandformation leads to gtuations where
svead cdls with the same origin will be
invedtigated and this is only reasongble to
do when screening for antibiotic resstance.
Therefore, a third trandformation experiment
was performed, without growing the cdls in
ligud culture before spreading on plates.
30 cdonies were hybridized with the His-
oligo and 12 of them ssemed to be postive,
but the tag-specific PCRs once agan
showed that they were dl negative.

During the third trandormdtion, a
control-oligp was used to monitor the
trandormation Since the sequence itsdf can
affect the efficiency (Condantino et al.
2003), the tagging may not result in the
same number of trandormants, but the
control tels if the transformation succeeded
a dl. In this case the transformation turned
out not to work. The control oligo gives on
average one trandormant per  thousand
arviving codls but in ths sudy no
transformants were seen, though more than
10° cells were screened.
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The experiments made so far can not
cearly date that the trandformation will not
work. However, it is clear tha a different
goproach should be used in ode to
fadlitate the screening process. Such an
goproach would be to insat an atibiotic
resstance gene next to the tag If, however,
the problem is tha insertion of extra DNA
in the operon is lethd to the cdl, a vector
condruct should be made and the
chromosomd L30 dhoud be made non
functiond, for indance by an amber
mutation.

Fig 16: Products from PCR with start and end
primers. The first five lanes: PCR products from
purified plasmids containing a C-terminal His
tagged L30 gene. 6™ lane: 50 bp ladder
(Amersham). 7" lane: Positive control, E. coli
cells (the primers will anneal to the L30
sequence on the chromosome). 8" lane: Negative
control, no template.

3.1.2 USER friendly cloning

Tagspecific PCR showed that five out of
five cdonies contained the plasmid with the
insart (fig 16 and sequencing confirmed the
transformeation.

3.1.3 Expression and purification

Histag purificstion usng the TOP10 cdls
trandformed with the vector condruct
showed that the ribosome, or at least parts of
it, does bind to the metd &ffinity resns.
UV-absorption  spectra of the dution from
the med dfinity resns showed that the
quote Aze0/A2g0 (ebsnrptlon for RNA
divided by absorption for protens) was near
18 (fig 17 and table 5, which is the
expected vaue of this quote for ribosomes.

The concentration of the purified
ribosomes was vey smdl, 09 uM o 44
pmol in 500 pl, (1 Az unit is equivdent to
23 pma ribosomes) and needs to be
increased tefold to see the ribosomd
proteins on an SDSPAGE ¢d.

Table5: UV-absorptions.

Nm Absorption
320 0.052
300 0.079
280 0.237
260 0.379
240 0.325
220 1630

UV-absorptions of the first 500 pl elution from
cleared lysate from TOP10 pNEB205a L30::HIS
cells collected at late log-phase.
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Fig 17: UV absorption spectra of eluted fractions from a minicolumn with Talon™ Superflow™ Metal Affinity Resin
(BD Biosciences). The cleared lysate was prepared from 1.3 gram pellet of transformed (top10 pNEB205a L30::HIS)
and non-transformed (TOP10) cells, collected at |ate log phase. The top spectrum shows the first 500 pl elution of
lysate from transformed cells. The lower spectra show the second, third and fourth 500ul elutions and all four

elutions of lysate from non-transformed cells.
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