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Cell-free trunslution in reversed micelles (RM) of susfagtanis in organic solvents is demonsirated using as an example the synthesis of human

imerieukin: by the wheat geom translation system solebilized in Brij 96 (oleyl-potyti®anyethylene eihier) RM in eyciohexane. The translation

system camponents and the product were recovered from the RM system by aeetone presipitation. The recovery and tmmnslation reaction yields

depended on the degree of suefuctant hydration. The translation yields in 1rij 96 RM were elosc to that sbserved in reyulur agqueous selutlon. The

Brij 96 RM system is regarded as a promising medin for the celi-free aynthesis of hydrophobie proteins. Meanwhile, no translation reustion was

observed in Acrosol OT (sedium bis(2-cthylhexyl) sulfesuccinnte) RM in oclane, which presumably is due 16 the ability of Aerosel OT to bind
Mp' ionx necessuey for the functioning of the trunslation apparatus,

Cell-Iree vrunslation; [aterleuking Miselar enzymology: Reversed micclle

l. INTRODUCTION

The phenomenon of enzyme catalysis in reversed
micelles (RM). discovered in 1977 by Martinek et al, [1]
is now under intensive study in dozens of luboratories
(see for review [2-6]), The particular interest in this field
is conditionsd by the fact that RM systams provide
unique possibilities for reconstructing the natural mem-
brang microenvironment of biopolymers and their su-
pramolecular assemblies. They permit the deliberate
variation of a wide range of physico-chemical properties
of this microenvironment. &.g. surfuctant hydration,
type of packing etc. which is of great imporiance for
studying the membrane regulation of biochemical proc-
esses [6].

Although a lot of work on enzymes in RM systems
hus been done during the last decade, much leass is
known about the behavior of functional complexes of
proteins and nucleic acids in this microheterogeneous
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medium. Luisi et al. [7] anatyzed the structural changes
in nucleic acids upon their incerporation into RM. The
enzymutic processing of nucleic acids in RM systems,
in particular the RNA hydrolysis with ribanuclease (8]
and restriction of plusmids and 4 DNA {9], have alse
been deseribed. Besides these rare examples no system-
utic studies of the nucleaprotein complexzes in RM have
been performed until now.

[t is aiso well known that many impertant biological
pracesses invelving nucleic acids proceed in the vicinity
of, or directly in, biological membranes, and one could
expect that the membrane physico-chemical state may
strongly affect these processes. The protein translation
on ribosomes evidently belongs to such examples [1Q).

In this puper we demonstrate the possibility of per-
forming cell-free protein translation in RM using as an
example human 1L-2 synthesis by the wheat germ truns-
lation system, solubilized in Brij 96 RM in cyclohexane.

2. MATERIALS AND METHODS

The wheat germ translation system wii prepared seceiding to
Raberis et al, [11]. The absorbance of the wheat germ extruct (WGE)
at 260 nm was equal o 30-100 optisal units. Cell-free transeription
of the mature form of human IL-2 was carried out secording to
Gurevich et al, [12].

The traasktion reaction in sgucous medin was performed using a
modified procedure [I[], Driefly, the translution reaction system (35
#) containing 8 wl of WGE, 0.1 ug crestine phosphokinase (EC
2.7.3.2.; Sigma, 350 U/mp) and 0.5 gy aof IL-2 mRNA in bufTer B (40
mM HEPES, pH 7.6), 2 mM magnesium acetate, 112 mM potassium
zeetale, 4 mM DTT, 6.25 mM spermidine, 8 mM phosphocreatine, 25
HM each amine acid without Met (all frem Sigmal. 10 uCi (*S]Met
{Atiersham, > 1,900 Cisnmel}, 2 mM AT, 50 #M GTP) was preparad
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By mixing the corresponding companents at 0*C immediaicly prior to
the esperiments deseribed below, The reaction was stasied by ineroans-
ing the temperature tu 24°C after whish it was run at 24°C for 40 min.
The translation was stopped by wdding 500 w1 of 10% TCA 1o the
reaction mixiure. The preeipilate formed was centrifuged 4t 8,000 rpm
using un Eppandaort cenirifugs for 10 min (0°C). washed (resuspendad
and presipitated again) with eeld (6°C) acetons, dried. dissolved in the
sumple buller for electraphoresis wad analysed by 12% polyusrylamide
{PAA} gel clesirapharesis. The gels were stained with Coomussie Blue
and scnnned using a Shimadzu CS.9000 densitrometer, The auleradi-
egruphie pictures of the gels were made using R-ilm, The gel lunex
were cul and thsir totul »8 radicuctivity was determined in o toluene
seintillation solution using u Ruckbeta S-counter.

The trunslution in BM was curried out using the following proce
dure. In o sypleal experiment 20-80 gl of butler B were solubilized in
| mbaf 0,15 M Brij 96 (Sigma) in eyelohexurie, The mixture obidined
was shaken and incubated at room temperature until it beeame optis
cally transparenc (1=2 min). 25 21 of the traniilation sysici, preparsd
as deseribed above, was incubated for | min at 24°C and then added
1o the miccllar solutian, The micellur solution was shaken again until
it becume optically transparent {1 min) and then incubited at 24°C
for 40 min, The reuction was siopped by the addition of § m! of cald
(0"C) ucctone. and the system was centrifuged st 5,000 rpm us ubove
in an Eppendor! centrifuge for 10 min (0*C). The precipitate was
woshed (resuspended and precipitated again) in 1 ml of cald acetone
and 100 4l of 10% TCA, then | ml of ¢old ucetone {2 limes), dried.
then dissolved in sanple buffer for clecirophoresis und unuhoed s
deseribed ubove,

The cell-lree translation in Acrosel OT RM waus performed anulo-
gously to the deseribed procedure. In this cuse 0.05-0.3 M Acrosol OT
(Merck) solution was used for ihe preparation of the RM sysiem. The
trunslation praducts were precipilased frany the reaction system und
analyzed as for the Brij 96 RM systen.
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3, RESULTS AND DISCUSSION

The solubilization of the translation system in both
Brij 96 und Acrosol OT RM results in the formation of
an optically transparent solution, which provides evi-
dence ubout formation under the studied canditions of
microemulsions (water in oil type), contuining the trans-
lation systemn components.

After 40 min incubation the translation systern come-
ponents and products were precipitated from the RM
solution by adding acetone and analyzed by gel electro-
phoresis.

It should be taken into account that the extent of the
prolein recovery from water and RM system may differ
significantly. Therefore the recovery efficncy was esti-
mated from the gel electropharesis data (Fig. 1A) by
comparing the amounts of a protein corresponding to
the uqueous solution und RM system (lunes | and 2-4).
The tatal amount of the protein in each lune was deter-
mined using a scanner densitometer.

The data presented in Table I shows that the extent
of the protein recovery from the RM system depends on
the surfactant hydration degree. This dependense is pre-
sumably explained by the rise in protein solubility with
the increase in water content in the ¢yclohexane-ace-
tone-water misture, as observed before in a number of
other eases (unpublished data). In all the cases studied
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Fig. 1, {A) The ge| clectraphoresis (Coomassie blue staining) and (B) autoradiograph putterns of the translation system precipitates. ‘'ranstation

was performed in aqueaus solution (lane 1) or Brij 96 RM in cyclohenune (lancs 2-4), The degree of surfactant hydration in ihe Rivi sysiem is

equal to 16.5 (lane 2), 24.0 (lune 3) or 31.5 (lanc 4), The majer buads, corresponding to the IL-2 moanomer and dimer (2 x 1L-2) are indicated by

tha urrows. (The umounis of radiclabelled protein observed in B depends both en the yield of protein synthesisand on the ¢fficacy of the subsequent
prowin recavery froam RM, The reul yields of protein trunslation are presented in Fig. 2.)
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Table |
Efticucy of 4 protein recovery und the transhition yicld*

Lune sumbsr  [H.OF{Brij 96]  Recevery M8 nudiouctivity
{for the RM yicld Ca)  of the lunc (epm)
syMem)
| in water 100 25600 ¢ & 450)
2 16.5 1 3050 = 140}
k! 240 22 6.950 ( = 250)
4 s 9 2,800 ¢ + 100)

*The Lranslation was perfarmed cither in aqueous solution er in Brij
96 RM and the protein was precipilated us deseribed in Materials angd
Meihads, The resulis of  typical experiment which was independently
repedled several timet are preiented in Table I and Figs. 1 and 2,

the protein recovery from RM system (Table I) is less
effective thun that from aqueous solution.

Fig. | B presents the autoradiograph of the gels shown
in Fig. 1A, It can be ¢learly seen that 1L-2 transiation
tukes place both in uquecus media and in the Brij 96
RM system. The amount of the translation product
detected in the case of RM depends on the degree of
surfactunt hydration (the molar ratio [H,OlBrij 96)).

[n order to e¢stimate the trunslation reaction yield in
the RM system the bunds were cut from the gels and
their ¥S radicactivity measured (Table I). The amouant
of protein synthesized in the RM system was deter-
mined us the ratio of the band radicactivity to the pro-
tein recovery efficacy at a given hydration degree,

Asis shown in Fig. 2 the IL-2 translation yield in Brij
96 RM in cyclohexnne steadily increases with an in-
crease of in hydration degree. The reason for this phe-
nomenon may be quite complicated and needs further
study: however, the data obtained provides evidence
that the cell-free translation in Brij 96 RM proceeds
with yields comparable to that observed in aqueous
solution,

The nature of the micsile-forming surfuctans is an
important factor influencing the transiation in RM. In
particular. we did not observe protein synthesis in the
micellar system formed by an anionic surfactant (Aero-
sol OT in octane, Fig. 2). This may be due to {he well-
known ability of the Aerosol OT molecule to bind Mg™*
ions necessary for the translation reaction [13).

The RM sysiems are regarded as promising media for
modelling the membrane microenvironment of big~
polymers and their functional supramolecular com-
plexes [5.6], It is probable that they also may serve as
good models for the study of membrane crganization
of the translation apparatus and, in particular, may
become useful for the synthesis of hydrophobic mem-
brane proteins.
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Fig. 2. The yicid of cellsfree translation in Brij 96 (0) und Aerosel QT
{®) RM systems. The yigld of the translation seaction abserved in
aqueous solution is shown by the dovied ling,

REFERENCES

{1] Martinck. K., Levashov, A.¥., Klyachko., N.L. und Bereain, L.V,
{1977) Dokl Acud. Nuuk SSSR (Russ.) 216, 920-923,

(3} Pileni, M.P, (1949) Structure and Reactivity in Reversed Micelles,
Elsevier, Amsterdan,

[3 Luisi, P.L. and Magid, L.J, (1946) CRC Crit. Rev. Biochem, 20,
409-474.

[3] Waks. M. (1936) Proteins 1, 4=15,

(5} Martinek. K.. Kiyuchko, N.L., Kabugov, A.V., Khmelnitsky.
Yu. L. and Levashav, AY. (1949) Biochem. Biophys, Actu 981,
164-172,

[6] Kiynehko, N.L.. Levashov. A V.. Kabanov, A.V.. Khmelniishy,
Yu. L. und Murlinek, K. (19%1) in: Kinetics and Catulysis in
Microheteragencous Systems (Gratzel, M. and Kalyunsundaram,
K. edi.} pp. 135-181, Mireel Dekker, New York,

[?] lawre, V.E. und Luisi, F.L. (1982) Bioghem. Biophys. Res, Com-
mun. 107, 538-5485.

{8] Wolfl R. und Luisi, F.L. (1978) Biochem. Biophys. Res. Cam-
mun, $9, 209217,

[9] Hanley. A.B.. Furniss, C.8.M., Kwintkowska, C.A. and Muckize,
AR, (1991} Biochem. Diophys. Acia 1024, 40-34.

{10} Ryasunov, A.G. and Spirin, A.S. {1988) Usp. Biologich. Khimii,
{Russ.) 29, 3-43,

(11] Reberts, B.E. and Paterson, B.M. (1923) Prog, Nutl, Acad. Scl.
USA 70, 2310-2334.

{12] Gurevieh. V.V., Pokrovskays, 1.D.. Qbukhova, T.A. umd
Zozulyn, §.A. (1991} Anal, Biechem, 198, 207-213,

(13} Eicke. HsF. and Kvitu, P. {1984} in; Reversed Miselles {Luisi,
P.L. and Straub. B.E. eds.) pp. 21-35, Plenum, New York,



