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The invitroproteinbiosynthesishasthe potentialstobe comeapower ful tech nol ogy
forbiochemicalresearch. Besidethedeter minationofstructureandfunctionthein vi-
tro evo lu tion of pro teins is also of great in ter est.

The sys tem de scribed was used to pro duce bo vine heart fatty acid bind ing pro tein
(FABP) and bac te rial chloramphenicol acetyltransferase (CAT) with and with out fu-
sion of the Strep-tag Il af fin ity pep tide. The pro teins were pu ri fied af ter and dur ing
pro tein biosynthesis by us ing a StrepTactin Sepharose ma trix. No sig nif i cant in flu-
ence of the Strep-tag and the con di tions dur ing the af fin ity chro matog ra phy on mat
rationoractiv ity of the pro tein was ob served.

Theinvitroevolutionofproteinsisfeasiblebymeansofribosomedisplay. Theselec
tion of aspe cific MRNA cod ing for ashortened FABP with a N-terminal His-tagvia the
accompanying protein property was shown. Goal of the selection was to bind the
FABP viathe His-tagon Ni(ll)-IDA-agarose. After ninecy clesoftranscrip tion, trans la
tion, affinity selection and RT-PCR the protein with the His-tag could be enriched
108fold.

Inordertocorrelateapossiblerelationshipbetweenchangesinproteinpopulation
andbiologicalfunctionstudieswereinitiatedinwhich2-dimensional proteinpatterns
of the to talinvitrosystemwere comparedafterOand 2hreactiontime. Theveryinter
esting findings are that a number of proteins disappear, while others are newly
formedduringproteinsynthesis.
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The potentials of the in vitro protein bio-
synthesis sys tem in clude not only the pro duc
tion of proteins, butes pe cially the syn the sis of
cytotoxic, regulatory or unstable proteins
which cannot be expressed in living cells
(Stiege & Erdmann, 1995). Another advan-
tage is the labeling with isotopes at specific
positions which facilitates their detection or
al lows to study their struc ture and func tion by
NMR spectroscopy. Further advantages are
the purity of the synthesized proteins, it is
easier to isolate them (Hauakanes & Kvam,
1993)andingeneral theirsuperiorbiological
activities. The systemcanalso be used for the
invitroevo lution of proteinswith se lected bio
logical properties and it is possible to create
proteinswithimprovedorevennewbiological
activitiesbyintroducingunnaturallymodified
amino acids into specific positions of a pro-
tein.

The use of a spe cificin vivo or invitrosyn the
sized protein for example for crystallization
or NMR studiesistoagreatextentde pendent
upon its pu rity. For this pur pose the re com bi
nant production and purification of proteins
with short affinity tails have gained wide-
spread application in biotechnology (Nygren
etal.,1994). Inmostexam plesinvestigatedso
far it was found that these short peptide ex-
ten sions, be tween three and twelve amino ac
idsinlength, did not in ter fere with the bi o log
i cal function of the pro tein and there fore need
not be re movedviaproteolysis. The Strep-tag
Il is an eight-amino-acid pep tide that dis plays
intrinsic binding affinity towards recombi
nant core streptavidin (Schmidt et al., 1996),
named StrepTactin (Voss & Skerra, 1997). A
specific advantage for protein purification is
that competitive elution of the bound
Strep-tag fu sion pro tein from the StrepTactin
matrix can be accom plished in the native state
under very mild buffer con di tions by com pe ti
tion with the biotin analog desthiobiotin. We
have tested if the Strep-tag affinity purifica-
tion is practicable and compatible with our
cell-free protein biosynthesis system.

InvitroselectionexperimentsusingDNAor
RNA, where the mol e culesare simul taneously
ge no type and phe no type, have shown that nu
cleic acid molecules with specific molecular
recognition and catalytic properties can be
isolated from complex pools of random se-
quences (Osborne & Ellington, 1997). Be cause
pro teins carry out a wider range of struc tural
and catalytic roles in biology and are much
more extensively used in diagnostics, thera-
peutic, and industrial applications, the selec-
tion and directed evolution of proteins is of
great interest. Most of the methods used for
the se lec tion of pro teins as car rier of the phe
notype have been based directlyorindirectly
on living cells. Examples of such approaches
include phage display (Smith & Petrenko,
1997), plasmid display (Schatz et al., 1996),
and completely in vivo genetic approaches
(Zhang et al., 1997; Moore & Arnold, 1996;
Peled-Zehavi et al ., 2000). How ever,in vivo ap-
proaches are limited by transformation efft
ciency to 1-10 X 10° different molecules.
Thislimitationcanbe over come by usingin vi-
tro sys tems based on cell-free trans la tion. Pro
teinsun for tu nately are notge netic mol e cules
and can not be cop ied by any known en zy matic
activity. Therefore, to construct an in vitro
protein selection cycle, the amplifiable geno-
mic information (MRNA) must be physically
linked to the selectable infor mation (protein).
Two different approaches have been pub-
lished which make such a coupling possible.
The mRNA-protein fu sion tech nique isa co va
lent link age be tween the 3’ end of the mRNA
and the car boxyl ter mi nus of the pro teinvia a
puromycin (Rob erts & Szostak, 1997). The ri-
bosome display is based on the possibility of
expressing proteins from mRNA lacking a
stop codon and the direct use of the ternary
complex, consisting of a protein, a ribosome
and an encoding mRNA (PRM-complex), for
affinity enrichment (Hanes & Pllckthun,
1997). Onelimitation of the ribo some dis play
isthat li brar iesmust be screened under condk
tions in which the PRM-complex is stable
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(high Mg2* and low tem per ature). Here we de
scribe the establishment of the ribosome dis-
play technique in our lab.

Concerningthe cell-free pro tein biosynthesis
there are still a num ber of ques tions to be an
swered, in or der to ex plain the fact that thein
vitro sys tem is much less ef fi cient than thein
vivo sys tem (Spirinet al., 1988; Ryabovaet al .,
1989; Stiege & Erdmann, 1995). One in ter est
ing observation with the closed in vitro sys-
tem, called the batch system, is that after an
ini tial very ac tive phase the re ac tion stops af
ter 1 to 2 h. This has been observed in our E.
coli translation system with the synthesis of
FABP (Stiege & Erdmann, 1995). Similar re-
sults are obtained for the dihydrofolate
reductase (DHFR) and CAT (our un pub lished
data) and green fluorescence protein (GFP)
(Siemann et al., 2000). Thus questions arise:
Which causes have been lead ing to the ter mi
nation of protein synthesis in the batch sys-
tem? So far sev eral rea sons could be ex cluded:
MRNA hydrolysis cannot be the reason be-
cause in the coupled transcription/transla-
tionsystemT7-RNApolymerase per manently
synthesizes new mRNAs. This system is sta-
ble as dem on strated by Siemannet al. (2000)
and they were also able to eliminate energy
shortages as a problem. Therefore we set up
the hy pothesisthatthe deg radationand modi
fication of enzymes and factors required for
pro tein biosynthesis are the rea son in loss of
activity. Thus we decided on the basis of a
batch synthesis of FABP to monitor the pro-
teins of the reaction mix ture af ter 0 and 120
min reaction time by high resolution
two-dimensional gel electrophoresis (2-DE).

MATERIAL AND METHODS

Construction of plasmids

For the construction of plasmids, which
served as tem plates for the in vitro transcrip-
tion, we followed standard protocols
(Sambrook et al., 1989).

Invitro transcription

The mRNA transcripts were obtained by in
vitro runoff transcription from linearized
plasmids or from PCR-products with T7 RNA
polymerase (Stratagene) following the proto-
col of Triana-Alonso et al. (1995) with minor
modifications. ThesynthesizedmRNA canbe
labeled with [a-35S]CTP (Amersham). Tran-
scripts were analyzed by agarose gel electro-
phoresis and in some cases by autoradio-
graphy after separation on 6% denaturing
polyacrylamide gel.

Invitro translation

We used an optimized procaryotic lysate
which was prepared by the method of Cro-
nenberger & Erdmann (1975) with some mod
ifications and composed of components de-
scribed by Merket al. (1999). The s¥n the sized
proteins were labeled with L-[U- 4C]Ieucine
with a specific activity of 304 mCi/mmol
(Amersham). Aftertranslationproteinquanti
fication was done by measuring the incorpo-
rated radioactivity present in trichloroacetic
acid-precipitated aliquots of the reaction mix
tures. The proteins were analyzed by
autoradiography after separation on 15%
polyacrylamide gels (Laemmli, 1970).

Strep-tagaffinitypurification

After invitro pro tein biosynthesis. Purifi
cation of the Strep-tag fusion proteins was
donebyaffinitychromatographyaccordingto
the manufacturers protocol (IBA Gottingen,
Ger many) ex cept that the vol ume of the af fin
ity column (StrepTactin Sepharose) was re-
duced to 230 ul to pu rify 150 ul re ac tion mix
ture. The wash and elution volumes were
230 ul and 130 ul, respectively. Reaction
mix tures from cou pled transcrip tion/trans
lation were shortly centrifuged and sub-
jected to the column. Theiso lated frac tions
were analyzed by TCA-precipitation and by
an auto radiography af ter SDS/PAGE as de
scribed.
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Duringinvitropro tein biosynthesis. The
StrepTactin Sepharose matrix (50 ul) was
equil i brated with trans la tion buffer and then
the re ac tion mix ture (100 ul) for the coupled
transcription/translation was added. The
trans lation re ac tion was car ried out with con
stant shaking in order to keep the matrix in
suspension. The matrix was collected by
centrifugation for 1 min at 220 x g af ter pro
tein synthesis and between the purification
steps. After re mov ing the supernatant the ma
trix was washed three times with 100 ul wash:-
ing buffer fol lowed by elu tion of the Strep-tag
fusion protein with four times 100 ulelution
buffer.

CAT-assay

The activity from in vitro synthesized CAT
was detected with the FAST CAT® (deoxy)
chloramphenicol acetyltransferase assay Kit
accordingtothemanufacturersprotocol (Mo
lecular Probes, U.S.A.) with some modifica-
tions. The supernatant of a translation reac-
tion after centrifugation at 15000 x g for 5
min was diluted 500-fold with buffer (50 mM
Tris/HCI, pH 7.8, 2 mM dithiothreitol/ 0.03%
bovine se rumal bu min) and be tween 1ul and
17 ul were used in a total volume (same
buffer) of 24 ul. From each of the FAST CAT
substrate solution and the 9 mM acetyl CoA
4 ul were used. The reaction was stopped by
adding400 ul of ice-cold ethyl ac e tate. After a
short centrifugation the top 300 ul ethyl ace-
tate were trans ferred to a clean tube. The sol
vent was then evap o rated and the dry sam ple
was taken up in 20 ul ethyl ac e tate. Three ul
of this so lu tion were used for thin-layer chro
matography.

Affinityselection of PRM-complexes and
isolation of mMRNA

The translation was stopped by adding
Mg(OACc), to a final concentration of 50 mM
and cool ing on ice (Holschuh & Gassen, 1982).
The sam pleswere centrifuged for5minat4°C

at 15000 x g to remove insoluble compo-
nents. The supernatant was applied on a
Ni(Il)-IDA-agarose col umn. Af ter six washes
with ice cold washing buffer (Tris/HOAc,
pH 7.5, 150 mM NaCl, 50 mM Mg(OAc)s,,
5-10 mM imidazole), the retained PRM-
com plexes were eluted with ice-cold elu tion
buffer (washing buffer with 300 mM
imidazole). The released PRM-complexes
were treated with EDTA and the mRNA was
recoveredbyprecipitationwithisopropanol
and glycogen.

Reversetranscription-PCR

Reverse trancription was performed using
Superscriptllreversetranscriptase (GIBCO/
BRL) according to the supplier’'s recommen-
dation. Thirty cy cles of PCR were per formed
using Tag DNA poly mer ase (GIBCO/BRL) ac
cording to the supplier’s recommendation.
PCR products were analyzed by agarose gel
electrophoresisandpurified fromthegeland
di rectly used for tran scrip tion.

Sample preparation for 2-DE from cell-free
protein biosynthesis reaction

Protein concentration in S30-lysate was de-
termined as described by Bradford (1976).
Plasmid pHMFA containing the structural
gene for FABP and all elements for in vitro
transcription/translation was constructed as
de scribed and added to ob tain a fi nal con cen
tration of 2nM. The biosynthesis re ac tion was
car ried out as de scribed above with out any la
belinginavol ume of 200ul. AfterOand 2 h in
cu bation 100ul of the sam ples were re moved.
The first sample was immediately frozen in
liquid nitrogen. The 2-h sample was centri
fuged (5 min, 15000 X g, room temperature)
in order to remove a precipitate. The super-
natantwas thenfrozeninliguid nitrogenuntil
the 2-DE was performed. For use in 2-DE the
samples were thawed on ice and prepared as
described by Klose & Kobaltz (1995). Equal
volumes of 25 ul were loaded on to first-di-
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men sional gels. The pro tein amount loaded on
each gel was equivalent to 80 ug.

Highresolution2-DE

We performed the high resolution 2-DE as
de scribed by Klose & Kobaltz (1995) with mi-
nor modifications. The first dimension was
run with carrier ampholytes in a pH-range
from 4—11. The glass tubes contained gels of
23.5 cm length and with a 1.5 mm diameter
(first dimension equipment from WITA,
Teltow, Germany). Rod gels where incubated
for 10 min in solution (WITA) before they
were ap plied on the tops of the sec ond di men
sion gels. The homogenuous 15% SDS/poly-
acrylamide gels were 27 X 35 cm in size, with
0.9 mm spacers. The gels were silver stained
accord ing to Heukeshoven & Dernick (1985).

RESULTS AND DISCUSSION

Affinitypurificationofcell-freesynthesized
Strep-tag Il fusion proteins

The necessity to establish a one-step purifi-
cationsystemforinvitrosynthesizedproteins
is obvious. In general short affinity peptides
donotinterferewiththebiological function of
the protein and therefore need not be re-
moved by proteolysis. Thisisaveryim por tant
observation, because the conditions during
proteolysis and the proteases itself have in
many casesanegativeinfluencetotheactivity
and the sta bil ity of the purified pro tein. Inad
dition, theaffinitychromatog raphyshouldbe
underphysiological con di tions so that the fu
sion protein can be obtained in the native
state. The Strep-tag affinity peptide was
tested with re gard to these re quire mentsto in
vestigate ifitisause ful tool for pro tein pu rifi
cation in an invitrotranslationsystem.

First of all we have examined the qual ity of
the Strep-tagpurification. There fore we fused
the Strep-tag 11 to the C-terminus of the FABP-
and the CAT-gene and cloned them into

plasmids containing all elements for an effi-
cient in vitro transcription and translation.
These plasmids showed in acou pled tran scrip
tion/translation reaction no difference in ac-
tivity when compared to the constructs with-
out Strep-tag. The re combi nant proteinswere
subjected to affinity purification. About 87%
of the FABP+Stll and 79% of the CAT+StlI
were recovered from the column. 82% and
72%, respectively, could be isolated as pure
productsintheelution fractionsascal culated
by TCA precipitation of frac tions of the af fin
ity chromatog raphy. The prog ress of thechro
ma tog ra phy from FABP+Stll is shown in the
Coomassie stain (Fig. 1A) and in the
autoradiogram of the protein gel (Fig. 1B).
The purified product was isolated mainly
within one elution fraction visible in the
Coomassie stained gel as one band. These re-
sultsindicate the qual ity of the Strep-tag pu rt
fication.

The next ques tion was if the Strep-tag in ter-
feres with the bi o log i cal func tion of the fused
pro tein. To get an an swer to this ques tion we
tested the activity of the in vitro synthesized
CAT with and without Strep-tag, before and
afteraffinitychromatography.Incomparison
to the commercial available CAT (Sigma) the
activity of the cell-free translated proteins
were usu ally sig nificantly higher. Nei ther the
Strep-tag nor the condi tions of the chromatog
raphyleadtodecreaseinactivity (notshown).

After the purification system met our satis-
faction we tried to separate the Strep-tag fu-
sion proteins during synthesis. For that rea-
son the influence of the StrepTactin
sepharose matrix to the coupled transcrip-
tion/translation reaction was examined. To
one out of two iden ti cal 60xIcoupledreaction
mixtures were added 20 ul StrepTactin
Sepharose and we used a plasmid coding for
FABP with out Strep-tag to de ter mine the total
amount of synthesized protein after transla-
tion. The prod ucts were an a lyzed by TCA pre
cipitation and SDS/PAGE followed by auto-
radiography in a phosphorimager (Molecular
Dynamics). The amount of the synthesized
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protein in the presence of the matrix was re-
duced to 94 + 2% compared with the un-
changed reaction but also the by-products

94 kDa —

67 kDa ==
43 kDa ==
30 kDa —

201 kDa -

14.4 kDa —'

R LLARITTE CTie
b

12345678 9101

FABP+St Il —» == —

were decreased. The rest of the reaction mix
ture with matrix was treated with 0.5 % SDS
(30 min, 50°C) and an identical volume was
analyzed by SDS/PAGE to find out if some
product was bound to the matrix. The
autoradiogram revealed that the by-products
in this sample were increased but not the
main product (Fig. 2). The FABP itself seem
to have no affinity for the matrix and the
slightly reduced performance is a conse-
quence of the matrix present in the system.
The by-products are probablyunfolded, insol
uble proteinswith some unspecificaffinity for
the matrix.

The insignificant influence of the
StrepTactin Sepharose upon the translation
system gave us the chance to separate a pro-
tein with Strep-tag Il during a coupled
transcritpion/translation reaction. CAT with
Strep-tag Il was synthesized in a 150 ul re ac
tion in the presence of 50 ul StrepTactin
Sepharose. The translation reaction was
stopped af ter 90 min and the supernatant was
removed. An affinity purification in a batch
man ner was car ried out. About 71% of the syn
thesized product could be isolated at reason-

able purity in the elution fractions as calcu
lated by TCA precipitation of the different
fractions. The progress of the chromatogra-

A

Figure 1. Purification of FABP
with  Strep-tag Il using a
StrepTactinaffinity column.

The same percentage of every iso-

lated fraction was analyzed by

SDS/PAGE. (A) Coomassie stain and

(B) autoradiography of the radioac
B tively la beled prod ucts. The sam ples
inthe num bered lanes are as fol lows:
(1) mo lec u lar mass stan dards; (2) re
action mixture; (3) flow-through of
the sam ple load ing; (4—6) wash frac
tions 1-3; (7—12) elution fractions
1-6 and (13) Y4 1abeled molecular
«= 12.5kDa Massstandards.

12 13

— 30 kDa

== 20.1 kDa

phy is shown in the Coomassie stain (Fig. 3A)
and in the autoradiogram of the protein gel
(Fig. 3B).

Selection of a desired protein prop erty by
means of ri bo some dis play

The ribo some dis play tech nique (Fig. 4) was
first described by Mattheakis et al. (1994).
Since we have a well working invitro transla-
tion sys tem we de cided to test rather the ri bo
some display sys tem than the mRNA-protein
fusion technique. One reason is that the
puromycin-mRNA fusion, which has to be re-
peatedly con structed for each se lectioncy cle,
is not only a time con sum ing fac tor but also a
sys tem in which the prod ucts are pro duced at
lower yields.

For the rea son to doinvitroevo lu tion of pro
teins in the fu ture we tried to es tab lish the ri-
bosome display technique on the basis of a
model sys tem. The used mMRNA bears the un-
trans lated re gion of phage T7 gene 10, which
encodes a stem-loop structure directly at the
beginning of the mRNA, fol lowed by the cod
ing se quence for FABP. The se quence cod ing
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Figure 2. In flu ence of StrepTactin sepharose to a
coupled transcription/translation reaction of
FABP.

One out of two iden ti cal 60 ul reactionswas car ried out
in the pres ence of 20ul af fin ity matrix. The prod ucts of
bothreactionswereanalyzedby TCAprecipitationand
SDS/PAGE. The rest of the re ac tion mix ture with ma
trix was treated with 0.5% SDS and iden ti cal vol umes
were an a lyzed. (A) Autoradiogram of the SDS/PAGE
and (B) amountand dis tri bu tion of the prod ucts. Lanes
1, reaction inthe ab sence of matrix; 2, in the pres ence
of ma trix; 3, rest of the re ac tion mix ture.

for the last ten amino acids of FABP and the
stop codon were replaced by the lipoprotein
terminator of E. coli, which encodes a 3
stem-loop at the RNA level. This first mMRNA
(designated mFA) acts on the one hand as a
con trol and was the ba sis for a sec ond mMRNA
(des ig nated mFAHis) cod ing for a N-terminal
His-tag (six con sec u tive histidine residues) on
the other hand. A mixture of these two
MRNAs served as start ing pool and fea ture of
the test selection was to bind on Ni(ll)-

IDA-agarose. Using ribosome display the
MRNA coding for the FABP with His-tag
should be enriched.

The mRNAs showed only a low level of un-
spe cific bind ing to the NI(I1)-IDA-agarose and
neither of them was fa voured in the RT-PCR
(notshown). Sev eral steps of op ti mi zation in
creased the yield of mFAHis after one round
of affinity selection up to 8% of input mMRNA
calculated by TCA precipitation of radio-
labelled mRNA. The integrity of the mRNA
was an alyzed by denaturating poly acrylamide
gel electrophoresis followed by autoradio-
graphy in the phosphorimager system. As a
re sult the amount of full length mRNA could
be de tected and came to 5% (Fig. 5). The back
ground of the sys tem could be de tected on the
same way with mFA as template and was
about 0.3%.

Afinalexperimentshouldreveal the qual ity
of the system. Therefore mFA and mFAHis
were mixed in dif fer ent ra tios and used for ri
bosomedisplay (Table1). Their PCR prod ucts
differ slightly in length (21 basepairs), be-
cause of the His-tag with a linker codon and
can thus be distinguished after agarose gel
electrophoresis. De pendingontheratioof di
lution different numbers of cycles according
to Fig. 4, undergoingselection on Ni(ll)-IDA-
agarose, were necessary to enrich the PCR
product coding for FABP with His-tag (Ta-
ble 1). Even out of a ratio of 1:108 (one
mFAHis- be tween 10 mil lion mFA-molecules)
“onemol e cule” could be se lected af ter nine cy
cles (Fig. 6). The PCR products which went
through nine cycles of selection were cloned
and analyzed. Of 10 clones sequenced, 8 had
the full His-tag se quence and the other two a
short ened His-tag se quences cod ing for 5and
4 histidines, respectively. Thesequenceanal y
sis showed that the clones con tained be tween
5 and 13 base changes. At the protein level,
the se lected clones car ried be tween 0 and 5 ex
changed amino acids.

The results demonstrate that even the
108old en rich mentwas suc cess ful. With our
model sys tem we have shown that it is possi-
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Figure 3. Re moval of CAT with Strep-tag
Il during in vitro protein synthesis via
StrepTactin Sepharose.

The same percentage of every isolated frac-
tion ex cept of the elu tion frac tions was an a
lyzed by SDS/PAGE. From the elu tion frac
tions the fourfold amount was separated in
or der to check the pu rity. The sam ples in the
num bered lanes are as fol lows: (1) molecular
mass marker; (2—3) supernatant of the re ac-
tion before and after centrifugation (5 min,
15000 x g); (4—6) wash frac tions; (7—10) elu
tion fractions.

Figure4. Principleofinvitro ri-
bosome display for screening
protein libraries for ligand
binding.

(1) A DNA librarycontainingaT7
promoter, ribosome binding site
and stem-loops is first transcribed
into RNA. (2) After purification,
mRNA is trans latedinvitro in anE.
coli S-30 system. Translation is
stopped by cool ing on ice, and the
“PRM-com plexes” are sta bi lized by
increasing the mag ne siumcon cen
tration. (3) The de sired “PRM-com
plexes” are affinity selected from
the trans la tion mix ture by bind ing
to the immobilized ligand. (4) The
“PRM-complexes” can be eluted
with a spe cific com peti tor. (5) Dis
sociation of the complexes by add-
ing EDTA. (6) Reverse transcrip
tion of the iso lated mRNA. (7) Am
plification of the cDNA by PCR.
This DNA is then used for the next
cy cle of en rich ment and (8) can be
analyzed by cloning and sequenc

ing.
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ble to carry out phenotypic selection for
ligandbindingwithaproteinmolecule invitro
by using ribosome display.

mFA

A

1 2 3 1

mFAHis

2 3

Figure 5. Anal y sis of mMRNA dur ing one round of
affinityselection.

The radiolabeled mRNAs were iso lated from the re ac
tion mix tures and the “PRM-complex”, re spec tively be
fore and af ter Ni2"-IMAC. (1) Re ac tion mix ture, (2) re
action mixture after in vitro translation, (3) eluted
“PRM-complexes”. The mMRNAs were sep a rated on a 5%
denaturing polyacrylamide gel. Shown is the auto -
radiogram of the PAGE.

Two-dimensional gel electrophoresis

Although we are at the beginning of our in-
vestigation of the dynamics of the protein
bioreactor, we would like to present here our
first re sults. The fol low ing datail lus trated in
his to grams have been ob tained from 11 gels: 5
gels (a—e) rep re sent the group ‘O h’ (one exam
ple is shown in Fig. 7A) and 6 gels (f—K) rep re
sent the ‘2 h’ (one example is shown in Fig.
7B) group at the endpointofreaction.

The gels were analyzed with the MELANIE
software (Appel et al., 1991). A synthetic gel
was prepared as a reference on the basis of
both groups i.e. the 0 h and 2 h experiments.
Only spots observed at least in 3 gels were
matched against each other. The spots from
‘0 h’ group resultedinaveraged 1743 (+6.8%)

spots against 1943 (£10.8%) in ‘2 h’ group.
Thisfactre quiresfurthervalidation. The spot
number is potentially increased due to
proteolytical activity and/or modification of
proteins. Investigations from Schindler et al.
(1999) with a different type of protein
bioreactor (dialysis system) were opposite to
our findings, in their experiments the spot
number was reduced after 2 h.

Table1.Numberofselectioncyclesnecessary
for en rich ment of the di luted mRNA.

mFA and mFAHis were mixed at dif fer ent ra tios and
used for ri bo some dis play.

Ra tio of Num ber of cy cles

Lo neces sary for
mFAHis : mFA selection
1:10° 3
]
1:10 4
1:10° 5
1:10% 9

Spot intensities were measured as vol-
ume percent. We decided to consider only
spots with a volume percent value greater
than 0.01, be cause it is very dif fi cult to de ter
mine small spots after Coomassie blue stain-
ing in or der to iden tify them later. We tested

M 1. 3. 5 6 7. B 9

cycle
700 bp

600 bp
FABP+His

=
-

500 bp -
FABP

Figure 6. Enrichment of FABP+His from a mix-
ture with FABP by ri bo some dis play.

The mRNA of FABP+His was mixed with the mRNA of
FABP at a ra tio of 1:10% and used for ri bo some dis play.
Afteraffinity selection of “PRM-complexes”carryinga
His-tag, the mMRNA was am pli fied by RT-PCR and an &
lyzed by agarose gel elec tro pho re sis. Lane M isa 100 bp
DNA lad der. The other lanes show the PCR prod ucts af
terdifferentselectioncycles.
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Figure 7A. Two dimensional
polyacrylamide gel from the
cell-free reaction mixture at the
start point of protein bio-
synthesis.

Figure 7B. Two dimensional
polyacrylamide gel from the
cell-free reaction mixture after
2 h of protein biosynthesis. The
prod uct FABP islabeled as 1, the
by-products as 2.
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Fig ure 8. Five ex am ples for spots, which in ten si
tiesare re duced af ter 2 h, are shown in A—E in his
tograms. One spot disappeared after 2 h and is
shown in F. 0 h sam ples are pre sented in a—e and
2 h sam ples in f—k.

the significance by which spots from one
group against the other were reduced (exam-
ples are given in Fig. 8) or increased (exam-
ples are given in Fig. 9) with the Student’s
t-test and se lected spots about 0.975 with the
volume percent change by a factor 2.

The results obtained can be summarized as
follows and are documanted (Fig. 8A—E).

Spotsdisap pear after 2 h:

The in ten si ties of spots are re duced after2h: 9
New spots are formed after 2 h: 12
Spots are more intense after 2 h: 5

abedefghijk
1878 1585

Fig ure 9. Six ex am ples for spots, which does not
ex ist at the start of the pro tein biosynthesis re ac
tion, but are formed af ter 2 h are shown in A—F in
histo grams. 0 h sam ples are pre sented in a—e and
2 h sam ples in f—k.

Currently we are working on the identifica-
tion of these 27 pro teins and their pos si ble in
volvement in the invitro pro tein biosynthesis
system.
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