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Summary . In order to study the biosynthesis of a plant phospholipid
transfer protein (PLTP), poly (A)+RNAs have been prepared from maize
seedlings and translated in vitro with a rabbit reticulocyte lysate. The
newly synthesized proteins were then separated by fast protein liquid
chromatography (FPLC) followed by SDS-PAGE or by high performance liquid
chromatography (HPLC) coupled to a radioactivity detector monitor. It
has been showed that a radiocactive band comigrating with a 'C methylated
pure PLTP was detected by SDS-PAGE. This result, confirmed by direct
radioactive monitoring, indicates that PLTP is actively synthesized ip
vitro. © 1985 Academic Press, Inc.

Proteins able to transfer phospholipids between membranes
(*phospholipid transfer proteins®":PLTP),have been purified from warious
eukaryotic (animals,plants, yeasts), and prokaryotic ( Rhodopseudomonas
sphaeroides) cells (for reviews, see 1-4). In particular, plant tissues
(maize seedlings or spinach leaves) contain ?-kDa proteins exhibiting a
wide specificity for transferring phospholipids (5-7>. The physiological
roles of plant PLTP remain to be elucidated. It has been suggested that
plant PLTPs participate in membrane biogenesis by transporting phos-
lipids from their sites of biosynthesis (i.e. endoplasmic reti-
culum) to membranes unable to form these phospholipids (8). On an other
hand, the evolution of PLTP biosynthesis during plant growth and  the

reguliation of this synthesis are still unknown.

Abbreviations : SDS, sodium dodecyl sulfate ; SDS-PAGE, polyacryla~
famide gel etectrophoresis with sodium dodecyl sulfate ; HPLC, high per-
formance liquid chromatography ; FPLC,fast protein liquid chromatography.
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In order to study the possible correlation between PLTP and membrane
biogenesis and plant development , it is of interest to study the bio~
synthesis of PLTP in developing plant organs. In the present paper, poly
(AY+RNAs have been isolated from maize seedlings and then translated in a

rabbit reticulocyte lysate system. In vitro synthesized PLTP was then

detected by fast protein liquid chromatography (FPLC) followed by SDS~
PAGE or by high performance liquid chromatography (HPLC) coupled to a
radioactivity detector. This observation indicates that mRNA for PLTP

is present in young seedlings.

MATERIALS AND METHODS

Material : Maize seeds (Zea mays c.v. INRA 3508) were germinated on
moist vermiculite at 30°C in the dark for 3 days.

Preparation of maize PLTP : highly purified albumen maize PLTP was
prepared as previously described (7). The protein was lyophilized before
in vitro radiolabelling by a ¢ methylation technique according to
Dottavio-Martin et al(9).,

lsclation of RNA : seedling coleoptiles were ground to a fine power in
liquid nitrogen. To the powder were added 100 mM glycine-NaDOH (pH?),
100 MM NaC1,0.2/ sodium dodecylsulfate,i” sodium deoxycholate. An equal
volume of phenol/chloroform (1/1) was added ; the mixture was stirred 10
min at 4°C, The aqueous phase was separated by centrifugation for 10 min
at 8,000 g . The phenol/chloroform extraction was repeated 3 times. To
the final aqueous phase, one vol. of ether was added. After
centrifugation, the ribonucleic acids were precipitated by adding 2 vols
of ethanol to the aqueous phase which was left overnight at -20°C. The
precipitate was collected by centrifugation, washed with 70% ethanol and
resuspended in sterile 100 mM glycine-NaOH <(pH 9>, 100 mM NaCl, 0.1% SDS.
The high molecular weight RNAs were allowed to precipitate for 2 - 4 h at
0°C in the presence of 3 sodium acetate, pH 7 , according to Laroche-
Raynal et al (i10).From this crude RNA extract, poly (A)+RNAs were
isolated by two cycles of affinity chromatography on oligo(dT) cellulose.
Fractions containing poly(A)+ RNAs were pooled and precipitated with two
vols of ethanol in presence of 200 mM sodium acetate (pH 7) overnight at
~20"C. The pellet was washed twice with 40 % isopropanol, dried down and
dissolved in sterile distilled water to a final concentration of 0.5 pg.
pi-t.

In vitro synthesis of PLTP : in vitro protein synthesis was carried out
with the reticulocyte lysate kit from Amersham (U.K.). mRNA €0.25 -2 pg)
were added to 10 pl of lysate previously supplemented with 20 pCi of

35g-methionine (Amersham). After incubation for 1h at 30°c , the
radioactivity was measured on 1 pl-aliquots., The reaction mixtures were
then treated with 1 pl of RNase A + RNase T for 15 min at 30°C.

High performance liquid chromatography : a reverse phase chromatography
column (Altex Beckman,4.4 x 75 mm) was used. The labelled protein
mixture , to which 200 pg of purified PLTP were added, was injected to
the column and eluted by a gradient of acetonitrile,as indicated in
Figures 2 and 3. The column was connected to a computerized FPLC system
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(Pharmacia,Sweden),The collected fractions were evaporated by
heating (40°C) wunder nitrogen and then resuspended inte a sample
buffer:0.0625 M Tris-HCl1 (pH 4.8), 2 % sodium dodecy} sulfate , 10 %
alycerol, 5 X 2-mercaptoethanol and 0.01 % bromophenol blue. The
resuspended fractions were then analysed by SDS-PAGE. Alterpatively, the
column was connected to a HPLC equipment (Waters-Millipore,USA) ; the
eluent of the column was passed through a computerized Fla-One
radioactivity detector (Radiomatic,USA).

Gel electrophoresis analysis : one-dimensional gel electrophoresis was
performed according to Laemmli (11) and Galle et al (12), using 15 ¥ slab
qels. After electrophoresis, the gels were prepared for fluorography
“13). The gels were exposed to Kodak X-Omat R film at -40°C for several
days before development. The following molecular mass standards have
been wused @ trypsin inhibitor (21,5 kDa), cytochrome ¢ (12.5 kDa),
aprotinin (4.5 kba), insulin (5,7kDa),

RESULTS

Analysis of in vitro synthesized proteins by SDS-PAGE.

Total cellular RMAs have been extracted from shoots of 3-day - old
maize seedlings . After oligo(dT) cellulose chromatography, poly(A)+RNAs
were translated in a reticulocyte lysate system, Additioﬁ of maize poly
(A)+RNAs to the system gave a 10-fold stimulation of the 3°5-1abel recove-
red in the protein fractions (data not shown). The <cell-free products-
were separated on a 15 % gel. As illustrated in Fig.l (Lanes 1 to 4),
several proteins were synthesized in the presence of maize poly(A)+ RNAs.
In absence of maize RMA, only globin and a high-molecular weight pro-
tein were synthesized (Lane 5). Purified 'YC-methylated PLTP migrated in
the 9-kDa zone (Lane &) . 12.5 ¥ gels were also run and high-molecular
weight proteins (90 kDa) were observed , indicating that poly(A)+ RHAs
used in these experiments had a good quality (data not shown).

Adnalysis of in vitro -synthesized proteins by FPLC coupled with SDS-PAGE,

The total in vitro synthesized proteins - to which 200 pg of pure
maize PLTP have been added - were analysed by FPLC using a reverse phase
column., The absorbance at 280 nm clearly indicated the elution time
(about 15 min) of the PLTP (Fig.2). When the fractions corresponding to
PLTP were analysed by SDS-PAGE, followed by fluorography, a single radio-
active band was seen j no other band was observed even after an exposure
for one month. The detected band comigrated with a 1‘C-methylated maize

PLTP. Dther eluted fractions were also analysed ; globin was eluted
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Fig.1 (at left). Fluorogram of SDS-PAGE showing in vitro translation of

maize poly(A)+RNAs, Various amounts of poly(A)+RNA were translated in a

reticulocyte 1ysate protein synthesizing system in the presence of 355~

methionine, The RNA input in each assay were respectively : 2 pg (Lane

1) , 1 pg (lane 2), 0.5 rg (Tane 3}, 0.25 pg (tane 4), 0 (blank,lane 5.
In lane é, 5 pg of pure MC-methylated maize PLTP were deposited . The

flvorogram was obtained after a 2 day-exposure on a Kodak X-Omat R film.
Fig.2 (at right). Analysis of in vitro synthesized proteins by FPLC
followed by SDS-PAGE. Poly (A)+RNA (fpg),isolated from maize seedlings,
were translated in vitro in a rabbit reticulocyte system. The mix-
ture of newly synthesized proteins, to which 200 pg of pure maize PLTP
were added, was injected into a reverse phase column connected to a
FPLC equipment, iml-fractions were eluted at a flow rate of 1 ml . min-!
with 8 % of acetonitrile /0.1 % trifluoracetic acid. A gradient of
acetonitrite eluted the protein (arrow).
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after 30 to 39 min, whereas fractions 3 to 9 corresponded to the woid

volume (data not shown).

fAnalysis of

ipn vitro synthesized proteins by HPLC coupled to a radiocacti-

vity detector,

Alternatively, the products of jn vitro translation were also analy-

78

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS



Vol. 133, No. 1, 1985 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

}

le (- ..

30
! ]
e H
(=3 -
] 10 8
< 3
0 0

1200

£

g -~

2

3 600

]

@

2
o

o
x 9 R R N R
0 20 25 30 35 40

Time (min)

Fig.3. Analysis of ip vitro synthesized proteins by HPLC coupled to
radioactivity monitoring. The same mixture of newly synthesized proteins
used in Fig.2, to which 200 pg of pure maize PLTP were added, were
chromatogaphed in a reverse phase column (Altex-Beckman) connected to a
HPLC equipement coupled to a radicactivity detector., The elution
conditions were similar to those followed in the experiment of Fig.2,
excepted that the shape of the gradient of acetonitrile was modified.
The eluent was mixed with scintillation mixture (Lumafliow) in a 2.5
mi-cells ; the flow rate of the pump was 3 ml.min'. The upper part of
the <figure shows the WV profile (at 280 nm) of the eluted +fractions ;
PLTP, added to the in vitro synthesized proteins, was indicated br an
arrow. The lower part of the figure gives the distribution of 335-1abel
recovered in the eluent ; a radicactive peak, corresponding to PLTP, was
observed.

sed by HPLC coupled to a radioactivity monitoring equipment. The W pro-
file indicates that the maize PLTP was eluted 25 min after the injection
(Fig.3). This result has been repeatedly obtained with several experi-
ments. Alternatively, in some chromatographic separations,only a half of
the eluent was counted by using a splitting device jfractions of the peak
were collected and analysed by SDS-PAGE ; a radioactive band comigrating
with the labelled PLTP was observed (data not shown). This confirms that

the radioactive peak indeed corresponds to the newly synthesized PLTP.

DISCUSSION AND CONCLUSIONS

This paper presents the first report on the in vitro biosynthesis of

a phospholipid transfer protein. This study has been carried out on a
plant protein from maize seedlings ; we have also recently observed that
spinach leaf also contains RNAs active for in vitro synthesis of PLTP
(unpublished). To our Knowledge, no report has been published for the in

vitro synthesis of PLTP from animal cells, However, recent studies on
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the synthesis of fatty-acid binding proteins ( FABP ; SCP1 ) have been
carried out in rat liver (14).

The detection of active mRNA for PLTP opens new possibilities for the
study of PLTP accumulation during plant development., FPLC or HPLC techni-
ques were preferred to the classical method of immunoprecipitation since
plant PLTPs ,which have a low molecular mass and a high pl, are weakly
immunogenic (Grosbois,unpublished). In the present work, proteins have
been separated according to their degree of hydrophobicity on a reverse
phase column connected to two equipments of high performance liquid chro-
matography . The same results have been obtained with the two techniques.
However, the direct monitoring of radioactivity of the eluent of a HPLC
column, which can be connected to a FPLC or HPLC equipment, allows a fast
analysis since PLTP is eluted in less than 30 min.

The approach followed here opens new perspectives for the study of
of lipid transfer proteins. This method could also be used with other
proteins after determination of their conditions of elution through the
reverse phase column. This technique could allow a purification of a pro-
tein from a crude extract in one or two steps ; another advantage of this
method is the shorter time needed for the separations (less than 1 hour

instead of several hours or days with classical 1low pressure columns),

Acknowledgements:The authors are much indebted to Professors P.Mazliak
and P.Penon for helpful discussions . This work was supported in part by
CNRS (U.A. 565 and 546 ; RCP 712).

REFERENCES

1. Zilversmit,D.B.and Hughes,M.E.(1974) Meth. Memb. Biol, 7 , 211-259.

2. Kader,J.C.(1977) Cell Surface Rev.,vol13,pp.127-204 , Eisevier/North
Holland ,Amsterdam.

3. Wirtz,K.W.A.(1982) Lipid-protein interactions, pp.151-233, MUiley
Interscience, New York,

4, Kader,J.C., Douvady,D. and Mazliak,P.(1982) Phospholipids, pp.279-311
Elsevier/North Holland, Amsterdam.

5. Douady,D.,Guerbette,F.,Grosbois,M. and Kader,J.C. (1982) Biochim,
Biophys .Acta,?i10, 143-153,

é. Kader,J.C.,Julienne,M. and Vergnolle,C.(1984) Eur.J.Biochem.,139,411~
414,

7. Douady,D.,Guerbette,F.,Grosbois,M. and Kader,J.C. (1985) Physiol.Vég.
23,373-380.

80



Vol. 133, No. 1, 1985 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

8. Kader,J.C.,Douady,D.,Grosbois,M.,Buerbette ,F, and Vergnolle,C. (1984)
Structure,function and metabolism of plant lipids,pp.283-290,Elsevier
Nor th Holland,Amsterdam.

9. Dottavio-Martin D. and Ravel, J.M. (1978) Anal. Biochem.,87, 542-545.

10. Laroche-Raynal,M.,Aspart,L.,Delseny,M. and Penon,P.(1984) Plant Sci.
Lett.,35,137-144.

11. Laemmli,U.K. (1970 Nature,227, 480-485.

12. Galle,A.M.,Bonnerot,C.,Jolliot,A, and Kader, J.C. (1984) Biochem.
Biophys.Res.Commun.,122,1201-1205.

13. Laskey,R.A. and Mills,A.D, (1975) Eur.J.Biochem.,56,335-341,

14, McGuire,D.M.,Chan,L.,Smith,L.C.,Towle,H.E. and Dempsey,M.E. (1983)
J.Biol.Chem.,240,5435-543%.,

81



