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Two-Dimensional Polyacrylamide Gel Electrophoresis Analysis of
Proteins from Albino-Green Chimeric Leaves of Iris japonica

HU Jin-Yong, ZENG Ying™ ., SANG Yu-Ying
{ Depurtment of Plart Butechmiogy , Funming tastwate of Bowny . Chinese Acaderyy of Sivenes . Kunming 650204, Chona |

Abstract: Proteins extracted from albino-green chimenc leaves of fris japonica were separated by two-di-
menstonal polyacrylamide gel electrophoresis and relafive molecular weight= and 1soeleciric points were de-
termined,  Approximately 400 protem spots were identified m each 2 - D PAGE gel. Altered expression
was apparenl for at least 13 proteins. The results showed that protein expression patterns changed obviously
mn the green and white leal strips. Lo comparison with the 2 - D PAGE map bom Arabidopsis thaliana n
WSS - 2DPAGE database, it revealed that the expression pattern of large subumt of RuBisCO and the pro-
teins labeled W and T was closely related to the mechamsm imvolved in chimeric variations of fris japoric .

Key words: Two-dimensional polyacrylamide gel electrophoresis:  Albino-green chimene leaf;  Irs japonice

High-resolution two-dimensional polyacrylamide gel electrophorvsis (2 - D PAGE) is useful for sep-
arating complex protein mixtures (0" Farrel ,1975) . Due to its high-resolving power, the technique has
been emploved to study alterations in cellular protein expression in response to various stimuli ur as a re-
sult of differentiation and development [ Celis et af, 1984). Proteins separated by 2 - ) PAGE can be
characterized by mass spectrometry and amino acid sequencing, which provides useful infommation to our
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understanding of function of the unknown proteins. Combined with antomated gel scanning and comput-
er-assisted analysis, 2 — D PAGE has made significant contribntions to protein database. 2— D PAGE is
still a key technique of proteome approach. As Thiellement (1998} deduced, proteomics will be a rele-
vant field for the study of the relationship between genotype and phenotype.

Two cultivars of Fris japonica were grown in Kunming Botanical Garden. Leaves are green in one
cultivar which flonrishes under the shade of Camellia trees, whereas another cultivar has white and
green strips in a same leal which predominates in the area of strong sunlight. The latter cultivar is an
albino-green chimera. The aim of this work is to study protein variations between the white and green
leaf tissnes. Our approach has consisted mainly in characterizing specific proteins by means of two-di-

mensional electrophoresis.,

1 Material and Methods

Sample Preparation Fresh leaves were collected from two cultivars of /ris faponice grown in Kunming Botanical
Garden. The green and white leaf strips were separately ground into fine powder in liquid nitrogen using a pre-chilled
mortar. The following procedure was performed according to Wang {1999). The powder was homogenized n ten vol-
umes of cold { - 207 ) acetone containing 10%% w/v trichloroacetic acid (TCA} and 0.07% v/v 2-mercaptoethanol, The
mixture was kept at — 20°C for 2 h, then centrifuged at 12 000 r/min at 4C for 20 min. The supernatant was discarded
and the pellet was washed with cold acetone containing 0.07% v/v 2-mercaptoethanol to obtain the white pellet. Then
the white pellet was lyophilized and stored a8 - 707C.

30 mg powder of each sample was extracted at 30 for 30 min with 1 mi of a solution containing 9.5 mol/L super-
pure urea. 29 v/v Triton X - 100. 1.6% w/v Ampholine pH 5 - 7 { Amersham Phamacia Biotech}, 0.4% w/v Phy-
malyte pH 3 - 10 { Amersham Pharmacia Biotech) and 5 mg/ml. DIT. After centrifuged at 15 000 ¢’m for 20 min at
207, the supermnatant was loaded onto the tube gel for the first dimensional electrophoresis.

First Dimensioral Electrophoresis  According to Rosenberg (1996) and Wang { 1999), the gel mixture was 4%
w/v acrylamide. 9.5 mol/L. super-pure urea. 2% v/v Triton X -1 00, 1.6% wfv Ampholine pH 5 -7 and 0.4% w/v
Phymalvte pH 3 - 10, Pre-nm the gel for 15 mmn at 200, 30 min at 300 V and 30 min at 400 V. Then 50 pL of the
above supernatant was loaded on the basic end of the gels. [EF was performed at 165C. 200V for 80 min, 400V for 14
h and then 800 ¥ for 90 min. The tube gels were extruded into 5 ml. equilibration buffer and stored at - 20°C .

Second Dimensional Elecirophoresis  The tube gels were equilibrated at 30°C for 10 min in 5 ml. equilibration
buffer containing 109% v/v glyeercl, 2% wiv SDS, 0.0625 mol/L Tris - HCl { pH6.81, 1.5 mg/mL DTT. Then the gels
were deposited on 12.5% separating gels with the agarose M { Amersham Pharmacia Biotech) melted in equilibration
buffer without DTT. Proteins were separated according t the conventional SDS polyacrylamide gel procedure for about 3
h at a constant current of 20 mA each gel.

Silver Staining and Data Aoalysis The gels were silver-atained according to Rosenberg { 1996} with some modifi-
cation. The relative molecular weight and iscelectric points of proteins were estimated using Bio-Rad 2 - D SD5 - PAGE
standards, At least two reproductive gels were cbtmned for each sample. Gels were digitized with an TMAX PowerLook
1T scanner and spots were detected with ImageMaster 2 - D Elite software ( Amersham Pharmacia Biotech ).

2 Results and Discussion
Approximately 400 protein spots were identified by silver staining in each 2 — D) PAGE pattem of
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the green and white leaf proteins {Fig. 1). The green cultivar has a very similar electrophoretic pat-
tem compared o green leaf strips from the albine-green chimeric cultivar { data not shown) . The spots
showed a symmetric shape indicating a good resolution in both electrophoresis dimensions. Replicate
gels for the same sample showed a good reprodicibility as the same amount of proteins was loaded on

each IEF gel. For each gel. the investigated zone was restricted hetween pf 5.9 — 6.0 and between
Table |  Protein spots in 2 — I¥ gels of green and white leuf sirips

Spot umber Relative moleeular weight {kDa) 2 Comparison with green leal gel
A a4 5.74 oq
B a8 5.60 oq
c n 5.65 eq
D 0.9 5.6 oq
d 28.2 5.0 dec
E 1.9 52 eq
F 0.9 51 oq
G 28.7 5.15 dec
H 26 5.12 dec
I 26 5.76 dec
J 49.8 3.7 inc
K 427 5.4 eq
o 46.2 5.18 eq
N 3.4 5.2 oq
0O 56.9 512 dec
P 33.9 5.22 dec
R b2 58 dec
S 28.1 5.25 der
w 47.0 5.8 absent
Y 59.2 5.2 dec
Z 40.8 5.69 nc
T 35.6 4.95 ine

Notes; dec/mnc. protein amount decreased (increased 10 white leaf Gasue in comparison with green leaf tissue:
absenl, the protein spol is absent or not detectable in white leaf gel.

20 and 76 kDa for molecular weight. More than seventy percent of the spots were found to be common
in both gels. Twenty-two major spots were selected from green and white leaf gels for further analysis
{table 1) . They were labeled alphabeticaliy.

The R protein amount was the highest in green leaf proteins. {ts relative molecular weight was
about 54 kDa and the iscelectric point abot 5.8. When compared with reference map from Arabidop-
sty thaliana tn SWISS — 2DPAGE database ( http: //unns . expasy . chieh2d/), it was found that the
relative molecnlar weight of RuBisCO large chain of Arabidopsis thaliana was 51 kDa, and isoelectric
point about 5.7. As RuBisCO devotes about 50% to total soluble mesophyll proteins { Li et of,
1999), it was deduced that the R protein was the large subunit of RuBisCO. About 4 — fold differ-
ence was found in the amounts of R protein between green and white leaf rissues. This is coincident
with the fact that in Anjibaicha ( Camellia sinensis ) both large and small subunits of RuBisCO de-
creased at the albescent stage and became nommal after leaves recovered to green (Li ez al . 1999).
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Fig 1 2-D PAGE pattem of green (abuve) and wiute [bebw ! leaf proteins The major protem spots were labeled alphabetically.
Relative molecular weight and pf, together with the pridein amount differenee between green and white leaf els. were shown in table 1.

The labeled W protein, with the relative molecular weight about 40 kDa and the same pf to RuBi-
500 large subunit, was absent or not detectable in the white leaf gel. On the contrary, an increase
in protein content was observed for the labeled T spot in the same gel. The disappearance or deep in-

crease of these proteins is very interesting and further characterization is required to clarify the specific
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function .

In the region between the pH 4.9 and 6, the protein spots of labeled O, P, Y. I. S. G, H . ]
and Z were present on both gels. Taking the green leaf gel as a relerence gel. the firsl seven spots pr-
eserled a significant decrease in white leal gels whereas the later two showed a little increase. Proteins
increasing or decreasing in abundance could be associaled with the metabolism of plastids. Other pro-
lein spots. such as A, B. C, D. E. F, K, Mand N (table 1}, whose expression levels vary little or
not, were suggested bo be necessary for growth and development of fris japonica cultivars.

Our 2 - DE study showed that the green and white leaf tissues presented considerable biochemical
changes. The major differences in white leaf sirip were a four-lold decrease of RuBisCO large subunit,
the disappearance of the labeled W protein and a deep increase of the labeled T protein. Amino acid
sequence information and localizalion of the different proteins may provide a better understanding of

their physiological significance .
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