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Abstract. We used a simple and highly reproducible method for the analysis of heat shock proteins in rice (Oriza
sativa), maize (Zea mays), and mung bean (Vigna radiata). Cytosolic polysomes, isolated from as little as 1-4 grams
of seedling biomass, were in vitro translated with the wheat germ system. SDS-PAGE or two Dimensional-PAGE
produced excellent separation of the translation products. The active, translating mRNA induced by heat shock was

shown by this easy and reproducible method.
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Introduction

All organisms, from bacteria to humans, respond to high
temperature by inducing or enhancing the expression of a
set of heat shock protein (HSP) genes (Schlesinger et al.,
1982; Lindquist and Craig, 1988). In higher plants HSPs
have been extensively studied (Key et al., 1985; Cooper
and Ho, 1983; Tseng et al., 1993 and Vierling, 1991). How-
ever, the physiological functions of HSPs are still uncer-
tain. For example, it is known that a proline analogue,
azetidine, can induce soybean seedlings to synthesize
HSPs, including low-molecular-weight HSPs; however,
azetidine-treated seedlings, unlike heat-treated ones, do not
acquire heat tolerance (Lee et al., 1996). So much work
remains to be done in order to understand the physiologi-
cal and biochemical roles of HSPs. Most of the published
studies were carried out by assaying (1) in vivo heat shock
protein synthesis by labeling the newly synthesized pro-
teins in vivo followed by SDS-PAGE analysis, or (2) ana-
lyzing heat shock induced mRNA by in vitro translation
or by hybridization analysis using an established heat
shock gene as a probe. The second method has a chance
of picking up preexisting mRNA or non-functional
mRNAs, rather than the stress-induced functional tran-
scripts.

In this report, we describe the use of in vitro cell-free
translation of polysomes to investigate heat shock proteins
induced in seedlings of rice, maize, and mung bean. The
heat-induced functional mRNAs can be directly shown by
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in vitro translation of the isolated polysomes. The same
approach has been done previously in mammalian brains
and other organs (Cosgrove and Brown, 1983).

Materials and Methods

Seedling Growth and Heat Shock Conditions

Rice (Oryza sativa L, cv. Tainung 67), maize (Zea mays,
cv. Tainung 1), and mung bean (Vigna radiata, purchased
from a local store) were used in this study. Rice and mung
bean seeds were imbibed in flowing water at 28°C for 72
and 24 h, respectively, before planting in vermiculite.
Maize grains were planted directly. Rice and mung bean
seedlings were grown in darkness at 30°C. Maize seedlings
were grown in darkness at 28°C. Ten-day old rice and
maize seedlings and four-day old mung bean seedlings
were heat shocked at various temperatures, ranging from
30-42.5°C for 1 h. Polysomes were isolated immediately
after heat shock treatment. Exposure to 42.5°C for 1 h
yielded the highest amount of heat shock proteins in all
three species. Therefore, only these results will be
presented.

Polysome Isolation

Seedlings were harvested, and the shoots were cut into
approximately 0.5 cm sections. All procedures (modified
from Blobel and Sabatini, 1971) were carried out at 4°C.
Eight grams of rice seedlings and four grams of maize
seedlings were each suspended in 30 ml ice-cold Mpe8
buffer (0.2 M Tris-HCI, 0.4 M KCI, 35 mM MgCl,, 25
mM EGTA, 0.1M B-mercaptoethanol, pH 9.0). Likewise,
20 grams of mung bean seedlings were suspended in 15
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ml Mpe8 buffer. The tissues were homogenized in a War-
ing blender: rice and maize with six 5-sec high-speed
bursts and mung bean with two 5-sec bursts at low speed.
The homogenate was filtered through four layers of
cheesecloth and then through two layers of miracloth. The
filtrate was centrifuged at 14,000 g for 15 min. Triton X-
100 and sodium deoxycholate were added to the superna-
tant to a final concentration of 1% (w/v) each. The mixture
was shaken vigorously for 3—5 min and centrifuged at
25,600 g for 15 min. The supernatant was overlaid on a
sucrose cushion (1.5 M in 40 mM Tris-HCI, 10 mM
MgCl, 20 mM KCI, 5 mM EGTA, 5 mM dithiothreitol,
pH 8.5) and centrifuged at 90,000 g for 6.5 h at 4°C. The
cytosolic polysomes were recovered from below the
sucrose cushion and stored at -80°C until use. All uten-
sils and buffers were made RNAse free according to the
method of Sambrook et al., 1989.

In vitro Translation of Polysomes

The purified cytosolic polysomes (equivalent to the
mass of isolated seedlings as indicated in the context) were
translated with a wheat germ extract (Promega) following
the manufacturer’s instructions, except that 200 uM
chloramphenicol was added to each reaction mixture to
inhibit bacterial or organelle translation activities. The re-
action mixture (containing 0.1 M Hepes, pH 7.2, enriched
with 0.16 M KCl, 20 uM 20 amino acids except methi-
onine, 225 pM of [**S] methionine, 6 mM ATP, 8 mM
phosphocreatine, and 4 units of creatine phosphokinase in
a final volume of 0.3 ml), was incubated at 30°C for 60
min and quick-frozen in liquid N, to terminate the reac-
tion. Proteins were analyzed by SDS-PAGE in a 15% gel
(acrylamide:bisacrylamide 19:1) according to Laemmli
(1970). For the two-dimensional PAGE the procedures of
O’Farrel (1975) were followed with minor modifications.
The pH for the first-dimension isoelectric focusing ranged
from 3.5 to 10. Gels were stained with Coomassie Blue,
dried, and exposed to Kodak XAR-5 x-ray film for 24 h
at -80°C.

Results

The pattern of the in vitro polysome translation-prod-
ucts from 1 gram of maize seedlings, heat-stressed at
42.5°C for 1 h, shows 12 HSPs. They range from 18.5 to
97 kDa (Figure 1 A, lanes 1 & 2, arrow heads). Four
grams of mung bean seedlings, under the same
experimental conditions, yielded 11 heat shock proteins
ranging from 18.8 to 125 kDa (Figure 1 A, lanes 3 & 4,
arrow heads). Figure 1B is the same as Figure 1A except
the x-ray film was exposed for 3 days instead of 24 h.

The in vitro polysome translation-products from 4
grams of rice seedlings, heat shocked at 42.5°C for 1 h,
were analyzed by two-dimensional PAGE (Figure 2).
Twelve HSPs were detected (Figure 2, arrow heads).

Two-dimensional PAGE of HSPs, induced in 2 grams
of maize seedlings, detected 16, mostly acidic, proteins
(Figure 3, arrow heads). Our results demonstrate that as
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Figure 1. Analysis of heat shock proteins by cell-free transla-
tion of polysomes from maize and mung bean seedlings induced
at 42.5°C for 1 h. Controls were kept at 28°C and 30°C, re-
spectively. Polysomes from 1 g of maize seedlings and 4 grams
of mung bean seedlings were used for the in vitro translation
reaction in the presence of 200 M chloramphenicol. Total re-
action mixture was loaded on each lane of a 15% SDS-PAGE
gel. Heat shock proteins are indicated by arrow heads. Protein
size markers are indicated on the right side of the figure. A: lanes
1 and 2: maize control and heat-shock proteins, respectively.
Lanes 3 and 4: mung bean control and heat-shock proteins,
respectively; B: Same as A, except x-ray film exposed for 3 days
instead of 24 h.

little as 1-4 grams of seedlings, i. e., approximately 1 gram
maize or 4 grams mung bean are sufficient to detect HSPs
by SDS-PAGE. Two grams of maize and 4 grams of rice
seedlings are sufficient to detect HSPs in two-dimensional
gels.

Discussion

Isolated polysomes contain mRNAs undergoing trans-
lation. Polysomes from heat-shocked tissues, therefore,
reflect the induced new gene products at both the mRNA
and protein levels, not the pre-existing mRNA or the non-
functional mRNA. The end products from the in vitro
translation of cytosolic polysomes represents the activity
of functional mRNAs that respond to heat stress. Our
method of in vitro translating polysomes is faster and con-
tains fewer steps than isolating mRNA from heat-stressed
seedlings, followed by mRNA in vitro translation or North-
ern hybridization.

2001/3/29, PM 02:09



Dai et al. — Polysome translation of heat shock proteins 263
—
pH10 pH3 pH10 pH3
’: . ~205
| D i -97
| — 66
- ) - —45
© . - - - _29
-
< s ‘ g * —20
v © - @
- | )
30C 42.5C %

Figure 2. Two-dimensional polyacrylamide gel analysis on heat shock proteins (arrow heads) in rice seedlings. Four grams of rice
seedlings were used for polysome isolation. The heat shock proteins are indicated by arrow heads. Protein size markers are on the
right side of the figure. Circles indicate the proteins corresponding to each other existed in both control and stressed seedlings.
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Figure 3. Two-dimensional polyacrylamide gel analysis of heat shock proteins (arrow heads) in maize seedlings. Two grams of
maize seedlings were used for the polysome isolation. Protein size markers are on the right side of the figure.

The problem frequently encountered with polysome
translation is bacterial contamination. We minimized this
possibility by incorporating chloramphenicol in the in vitro
translation reaction mixture.

Our method is sensitive enough to use as little as 1-4
grams of seedlings. Under the conditions used, the amount
of isolated polysomes was sufficient to detect even trace
amounts of HSPs that are larger than 100 kDa (Figure 1B
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and Figure 2). The advantage of requiring only a few seed-
lings and small amounts of reagents is obvious. In addi-
tion, because of the small-scale experimental design, a
large variety of stress conditions can be handled in one
experiment. Since the biological functions of HSPs are still
unclear, a lot of research is expected. From now on, this
method should be useful in stress studies in general and
HSP studies in particular.
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