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Towards Sugarcane Proteomics: Methods Establishment
& Sugarcane 2-DGE Proteome Reference Map

Nagarathinam Selvaraj’, Ramesh Sundar Amalraj’', Viswanathan Rasappa®, Ganesh Kumar Veluswamy',
Rahul Pathirickal Ramanujan’', Raveendran Muthurajan®, Malathi Palaniyandi', Ganesh Kumar Agrawal®

Introduction

Sugar is a prized commodity essential in human
nutrition with sugarcane being one of the most
important commercial crop cultivated for its stalks
to produce the sweetner in our daily food (Fig.1).
Proteomics of sugarcane is in its infancy, and there
is no study on the stalk tissues, except on which
it is based. A systematic proteome analysis of stalk
tissue was investigated in sugarcane; it should be
noted that the stalk tissue is well known for its
rigidity, fibrous nature, and presence of oxidative
enzymes, phenolic compounds and extreme levels
of carbohydrates, making the protein extraction
complicated U5, To investigate proteome of stalk
tissue, five methods of protein extraction were
compared for their suitability in two-dimensional
gel electrophoresis (2-DGE). Trichloroacetic acid
(TCA) /acetone followed by solubilization in LB
plus Thiourea (LBT) extraction method and the
phenol method were found as suitable approaches
for the stalk proteome analysis. Representative
sugarcane stalk proteome reference 2-D gel map was
established. Standardization of optimum protocol
for efficient protein extraction suitable for 2-DGE
analysis and creation of a partial but first sugarcane
reference map will help in further characterizing
stalk proteome of sugarcane not only under normal
but abnormal growth conditions affecting our planet
and thus crop productivity.

Materials and Methods
Healthy stalk (cane tissue) samples of five-month-
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old Sugarcane cv. CoC 671
crop were collected from
the Institute Plant Pathology
Experimental Farm at the
Sugarcane Breeding Institute,
Coimbatore (Tamil Nadu,
India) . Three biologically

A

. Randeep Rakwal
replicated samples were pre- P W

pared for stalk tissue protein
extraction; each biological sample consisted of
tissue from three independent plants. Five different
protein extraction methods in sugarcane stalk
tissues were evaluated 67 : direct extraction using
lysis buffer (LB) [LB: 8 M (w/v) urea, 4% (w/v)
- [3- (Cholamidopropyl) dimethylammonio] -1-
propanesulfonate (CHAPS), 2% (w/v) Pharmalyte
(v/v) pH 3-10, and 0.3% (w/v) dithiothreitol
(DTT)], trichloroacetic acid (TCA)/acetone pre-
cipitation followed by solubilization in LB, LB plus
Thiourea (LBT) [7 M (w/v) urea, 2 M (w/v)
thiourea, 4 % (w/v) CHAPS, 2% (v/v) Pharmalyte
pH 310 and 03% (w/v) DTTI], and LBT plus
Tris (LB-TT) [7 M (w/v) urea, 2M (w/v) thiourea,

W"

SUGARCANE

STALK

Figure 1 Sugarcane in the field in India. Stalk is given in inset.
Figure is modified from Amalraj et al., 2010,
Electrophoresis 31, 1959-1974.
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4% (w/v) CHAPS, 18 mM (w/v) Tris-HCI (pH 8.0),
14mM (w/v) Trizma base, 0.2% (v/v) Triton
X-100 and 50 mM (w/v) DTT], and phenol ex-
traction ®). Prior to 2-DGE, a 2D clean-up was
used (ReadyPrep 2-D clean-up kit, GE Healthcare
Bio-Sciences AB, Uppsala, Sweden).

Protein spots in analytical gels were visualized
by staining with silver nitrate 'Y, Protein pattern
on gel was recorded as digitalized images with a
digital scanner (Image scanner III, GE Healthcare,
resolution 300 dpi), and saved as TIFF file following
which the images were analyzed by Image Master
platinum 2D software (ver.6; GE Healthcare). Out
of all the detected protein spots, we selected 30
common spots from LB, LBT and phenol methods
digested with trypsin, and analyzed by tandem mass
spectrometry on a NanoFrontier eLD-IT-TOF-MS/
MS (Hitachi High-Technologies Corporation, Hitachi,
Japan). Some protein spots were also analyzed on
an Agilent nESI-LC-MS/MS (Agilent Technologies,
Santa Clara, CA, USA). Tandem MS spectra were
searched against the National Center for Biological

Information nonredundant (NCBInr) and Swiss Prot
protein databases.

Results and Discussion

Quantitative comparisons of protein extracts
using the 5 extraction protocols revealed phenol
method to give considerably greater protein yield
than other methods. Among these 5 protocols, direct
LB method showed lesser spots with highly streak
background. Other 4 protocols resulted in many
hundreds of protein spots with a unique distribution
pattern in both dimensions. Generally speaking,
phenol and LBT methods revealed higher number of
protein spots (390 =4 and 360 =+ 2 spots, respectively)
than LB and LB-TT methods (230+3 and 214=6
spots, respectively). Commonly used and the well-
established LB method showed least streaks on 2-D
gel but with comparatively low number of spots
compared to LBT and phenol methods (Fig.2). LBT
method gave more intense and higher number of
proteins (360%2) over the LB method with discrete
spots distributed uniformly more towards the pl 7.0.

P IEF e
r
:;m A LB method | |B LBT method{| tow
o ) 97
ol 5 i o \ 66
g 47 ‘3. B > =~ - 47
3,1 e
) £ e <
g - . Senanet 29
20 6. o = 20
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230 360 1
v B ¥ ]
o c . : LB-TT method D Phenol method o
66— eaa—> ol B 66
o TP b - it
" > . & r — ’
U L.Apeeeisns 2 g
t el i % . ; 29
A 1 A e .
. 8
20 - - . 20
15 — & e 15
214 390 B

Figure 2 2-DGE of proteins from sugarcane stalk tissues extracted using four protocols under comparison.
A, TCA/acetone precipitation and LB extraction. B, TCA/acetone precipitation and LBT extraction.
C, TCA/acetone precipitation and LB-TT extraction. D, Phenol extraction. Rectangular boxes indicate
some method specific protein spots. 100 pg isolated proteins were subjected to 2-DGE using linear
IPG strips (pH 4-7;18 cm) followed by SDS-PAGE (12 %). Proteins were visualized with silver nitrate
staining. Total number of proteins in gel is mentioned on the lower left corners of each gel image.
Figure is modified from Amalraj et al., 2010, Electrophoresis 31, 1959-1974.
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This is due to addition of thiourea that might have
raised the solvent capacity of LB 2,

LB-TT method showed less number of spots
when compared to the other two methods (214+6).
The LB-TT protocol displayed greater vertical
and horizontal streaks and under-representation
of proteins. However, this was not the case when
dealing with LB-TT extraction in rice, maize, wheat
and cucumber "%, Therefore, to overcome this
problem, phenol extraction procedure was used as an
alternate having high clean-up capacity. Disadvantage
of phenol extraction procedure is due to time-
consuming steps and toxic nature. Phenol method
produced largest number of protein spots (390=4)
with greater spot intensities amongst all methods
(Fig. 2). Although good quality protein spots were
seen, all the protein spots were clumped around the
5-7 pl value. The reason may be due to the fact that
phenol has a tendency to dissolve polysaccharides
and nucleic acids, which interfere in IEF running
resulting in a shift in protein pl values. Though all
extraction methods produced unique number of
protein spots, ~100 protein spots were found to be
commonly present among the 4 methods showing
similarity irrespective of pl values. However, due to
presence of horizontal and vertical streaks in LB-TT
method we did not consider it for further analysis.

Phenol method produced higher number and
good quality of protein spots but gave a shift in the
protein pl values. Therefore, we used a 2-D cleanup
kit and the interfering substances such as salts and
carbohydrates could be eliminated from the protein
extract. Clean up of sample resulted in increased
number of spots (445=5) and high-quality proteins.
When compared to without cleanup, a negligible
shift in pl or molecular mass of the protein spots
was observed. It can be seen that with 2-D clean up
many proteins in the acidic region were resolved,
indicating that removal of contaminants is crucial
for resolving proteins by 2-DGE (Fig. 3). In all, by
optimization of the protein extraction protocols, good
downstream 2-DGE analysis can be performed.

Commonly Identified Proteins-An Overview

From three 2-D gel profiles obtained using LB, LBT,
and phenol protocols, 30 common protein spots (from
136 total common spots) were randomly selected
for MS/MS analysis. These proteins are marked on
2-D gel reference map (Fig.4) and discussed below
according to their functional categorization.

Phenol method after 2-D clean up

Figure 3 Comparison of sugarcane stalk proteins extracted by
phenol method. A, Stalk protein extraction by phenol
method without 2D cleanup. B, Stalk protein extraction
by phenol method with 2D cleanup. Details are the
same as in Figure 2. Figure is modified from Amalraj et
al., 2010, Electrophoresis 31, 1959-1974.

Plant defense mechanisms: Many proteins
identified here were related to defense response.
Protein spots 1, 2, 5, 8, 9, 16, and 25 corresponded to
glutathione S-transferase (GST) 9, quinone reductase
2, superoxide dismutase (SOD-Mn) mitochondrial
precursor, L-ascorbate peroxidase (APX) 1, GST 1,
Cu/Zn-SOD and APX 2, respectively. GSTs (EC
25.1.18) are soluble, cytosolic proteins that are
involved in catalyzing conjugation of glutathione to
various electrophilic compounds ™. Quinone
reductases (QR), cytosolic FAD-containing flavo-
proteins, are involved in drug detoxifying mecha-
nisms 5. Cu/Zn- or Mn-SOD (EC 1.151.1) are
important antioxidant enzymes expressed in nearly
all cells exposed to oxygen, and induced by abiotic
and biotic stress factors in plants 1617, APX (EC
1.11.1.11) is a key enzyme responsible for removal of
hydrogen peroxide (H,0,) in chloroplasts and cyto-
sol of higher plants "8,

Protein metabolismand cell growth and devel opment:
Protein spot 6 was a maize 20S proteosome o subunit.
Proteosomes are large group of proteins involved in

S.LNEWS 2011 Vol.54 No.2 5
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Figure 4 2-D gel reference map of sugarcane stalk tissue. High-quality protein spots successfully assigned
by tandem MS/MS (Hitachi eLD-IT-TOF-MS/MS) and database searches are circled. Details are the
same as in Figure 2. Figure is modified from Amalraj et al., 2010, Electrophoresis 31, 1959-1974 (see

also for the total list of identified proteins).

degradation of unwanted or damaged proteins 9.
Protein spot 29 was identified as a thiol protease
aleurain precursor. This protein is localized in
vacuole and involved in hydrolysis of proteins, acting
as an aminopeptidase (notably, cleaving Arg-|-Xaa
bonds) as well as an endopeptidase 2. Cysteine
proteinases (spot 30) also called thiol proteases
play essential role in plant growth and development
and also in senescence and programmed cell death,
in accumulation of storage proteins such as in seeds,
and also in storage protein mobilization 2.

Sugar metabolism: Six proteins were categorized
to sugar metabolism. Protein spots 7, 10, 11,
12, 20, and 28 matched with glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), glyceraldehyde
3-phosphate, putative UDP-glucose dehydrogenase,
GAPDH, UDP-glucose 6-dehydrogenase and
triosephosphate isomerase, respectively. All of these
proteins are well known enzymes involved in sugar
phosphate metabolism 22724,

Secondarymetabolism: Two proteins were identified,
namely, phenylalanine ammonia-lyase (PAL, spot 15)
and caffeic acid 3-O-methyltransferase (COMT, spot
23). PAL (EC 4.3.15) catalyzes the first reaction in

6 S.LNEWS 2011 Vol.54 No.2

biosynthesis from phenylalanine of a wide variety of
phenyl-propanoid natural products including lignin,
flavonoid pigments, and phytoalexins ). COMT is
a bispecific enzyme and catalyzes methylation of
caffeic acid to ferulic acid that may subsequently
be converted to corresponding alcohols that are
incorporated in lignins 2. Apart from their role in
secondary metabolism, these two proteins play very
crucial role in plant defense mechanisms.

Structural organization and nucleic acid metabolism:
Protein spots 22 and 24 were actin and actin-
depolymerizing factors (ADFs) / cofilins, respectively.
ADFs/cofilins are regulated by multiple mechanisms;
the Rho small GTPase-activated phosphorylation at a
terminal region Ser residue plays an important role
in regulating their actin binding and depolymerizing
activity, affecting actin reorganization ¥, Proteins
also involved in nucleic acid metabolism were iden-
tified, which include nucleoside-triphosphatase (spot
19), nucleoside diphosphate kinase 1 (NDK) (spot 14),
RNA polymerase B chain (spot 18), and ATP
synthase a subunit (spot 27).

Unknown: Proteins spots were also found with
no known function. Protein spots 3, 4, and 17 were
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found to have similarity with 0s02g0770000 [Oryza
sativa (japonica cultivar-group)], 0s05g0501300,
and Os08g0478200. Protein spot 13 is an unknown
protein identified from Zea mays and protein spot 26
was found to have similarity with the IN2-1 protein
putative, expressed [O. sativa (japonica cultivar-
group) J.

Conclusions

This study is the first report of protein extraction
from sugarcane stalk tissues for proteome analyses.
Here we compared 5 protein extraction methods for
their suitability in 2-DGE. Two protocols namely,
phenol and TCA/acetone precipitation followed by
solubilization in LBT extraction were found to be most
suitable for sugarcane proteome analysis.Creation of
sugarcane proteome reference 2-D gel map for the
first time marks an important milestone forward in
the direction of studying various proteome-based
analyses in sugarcane ! . We hope that future work
on sugarcane stalk tissues will open a new door
to sugarcane proteomics and sugarcane database
creation revealing stress proteome, defense (disease
interaction in specific) proteome and comparative
proteome analyses in sugarcane.
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Analysis of Drug in Human Saliva using Column-switching Ultra-fast LC/MS/MS

1. 1IU®HIC

MEE I, MRS MRS 2 &L I ERAMoNTE
) WBRHICAHEZ LT TICHEICIRINTE 5720

Mﬁ@ﬁWth% xhcws %, W5 Mﬁfw
%‘/ R B ENZ2EW D M S W AT
T 5. I FTICMPEYRELE=Y —TENI,
PR AR 8 72 /18 V3 %0 FEBR (9 0 il e fE 12 SR W it
BEE=F) 2@ LRI hbLEEZ LN, I
LW S5 D AR E T ORIV E VR 2 M T B4
G, AL Ty A EPRIHACSGNTWEA, JEEIX
Wkra< 757 /5 07 NERSHTEE (LC/MS/
MS) DM EN B XS 1Tk TE P,

AR OWE E ST 256, By vy, B
MiFE ORI Z AT - 7250 2 LCIE A LB 2 47
Vo TNOLOHEE, HHOHNTLERT VT %R
WTHEBMEL72h T 524 v F ¥ 7 EDIE L ATbITn
%9 AEMLICE D, RIS S ETOAL—T
v I ERY, SMAEROGHICHER THD, —T, ik
EEE 2 370 BREOWMR T2 L72h T 5% Hv
HBEELCYE R Loodh b, MEELCE Hwb L,
BB, ON, B A2 RIEICEMT 52
ENUHRETH S, €2T, ZOMEMR

A @EiSF"

NRYT(HSNATZ), BT
AAA v F VT ORBYIRICE
JEYIERAN VT (éig)%}ﬂ
Wiz, BEAMEEICIE AB
SCIEX# 1) 7 )V U o A 100 %
AT 3 E3200Q TRAP®Z
W, £+ AbEZILZ v aRT

— 3 (ESD # w720 3200Q
TRAP*OHl#HIH 2 > ¥ 2 —%
12, ¥4 ,v27 FLaChromUltra AAO (&4 4) %
BATAHZEIZED, HI#Y 7 FAnalyst®s 5LCUD
B e 7 — F WEDT RIS 572D T, LCUDZFY
= ¥ M4 £3200Q TRAPC® %€ 4413 Analyst® |

TRELze VAT L2OHEOFFHEIZLLFOE) TH
b, LCUDFA =M T IVBY T INA T2 rary
#4719 LIRS, LCUIR MY A —E5 2% L, 3200Q
TRAP L L-7100IC M ICA 7 — MESH AT EN S,
COREFI2E D, 3200Q TRAP®IZ 7 — ¥ BUA A % B
AL, L-7100iZ POWNHAN L THo72r 7Y b
TR FGLE AT =& D, NHNVTORIY Y avy
YZ, L-710007 5y 2y b Fay g a L TREL,

FH HEicTF

LCERHW I T AAL v F v 7T X
0 HE)CTHILH Z 1TV, AEREUR
DR 5% T AV —T v MIE =R
M 50T L8Ry F v 7-BEHELC/

MS/MS% ¥ A7 L% B% L2 " 4 Pump
ML, M EEwREOE =y — 23 LE L-7100
ENTVELPTADPAFI VT Ol
MU B v MR L 728
HEOHHBI AT B

Buffer Buffer

A-1

2. YATLDOEK

VAT LD E Fig. 11T, i@
EEA 7 1< b5 7LaChromUltra
(LCU, HyiNAT2)i2ig, 9o xv B-1
NRYT 1R, F—MFrT9, BIO
UV B3 & TN b, By v 37 |

A-2

Buffer Buffer

UV detector
Filter

Pre-column

Autosampler Switching-valve

Trapping-column

LCU Pump Mass
SpeCtrometer
Ultra-fast LC 3200 Q TRAP

LaChromUltra Analytical column

(LCU) LCU C18

DB R Y 7IZL-7T100 8% 75 Vv

s PRoUSAL BV BPERT  hORBFSET RPN B
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WY I HSLARA Y F 2 T-BEELC/MS/MS Y X T L2 & B IERDIZEY DA [4613]

Fig.2 A"HNIVITRIS S a3

L-7100 6D M)A —B 5 AL Dbt s,
WA 7V T IEFig. 21IRTRY v a v 2 OfLEIC
LTBE, F—1MF 7558 A SRR % B
FURTHTV AT AEAT Do KOG TIXT VAT A
WIRFESN DS, ¥ U0 BEORE LG EAT L%
WO PF, UVBRIHEHIEA SN TE= Y — 3 N721%,
VAT LN EE SN D, ¥ BRRELE, N
HISVTaRRT v ary 1Yz, MERPOKS 1% b
FTITHTEEANT Do KT TFHBIT Y THT AT,
BENE, NHNVT 2RI Y ar 21282 THRE
A EFD A0 A BRI B O = W B A R &
IO T AT L TIRGFERBERSEONy 77Ty
Tall), GMATEERNT Do GHTHT A THEES
N7z, MS/MSIZEA EILCMRME — R CTHHT
b,

3. EEREM

L7255 2B X U008 H OB BIAHER O
K, BIUMS/MSOS5M%Table. 1127RF . by~
N7 OB (L-7100, A-1#) 121310 mMF

WB7 B ARBRE R, Ny T AT L0k
WM LM 7 A ChEES AR EIRE R (LCU, B-1
B IIZI0 mMMERE T v B AWK/ A Y ) —
=30/70 %, v/v) & H\72. L-7T1000DA-2#1%, T4
HEHOTEXM=MINTH D, ANHISIVTOYEZ,
BIOBRHERBRIL Dy vy Tars s
#Fig. 3ICF LD TRT . 1 :REH /2 OHHRERIZ10
5CTH Ao

R L7257 afiF )y s Sk, v r=-7
VR FROMEA Lz, MERIE, BHRERRART ~
TAT 1O 720 MEHIE, RIS RS L
TBE, HHTLHNCERICTHHEL 72, MEe, N
VT a7 ARG AN L 7220 mMEF R T v
BT LKREWE 1A 1 TREL, AR FsOorEE
BRIC T OB L, BB E iEChEEL <, ki
30 uL % L7z,

4, AIFEH

Fig. 412, MEIC/ V7 OiEF M) 7 2L G 2 3
L TR L7tz /9o AlilAS S V7 afigrty e
LR, WA A7 u< NI LD = HETH o
JEFE0.001 ng/mL (Hikf#0.03 ng) 7510 ug/mL (IH]
300 ng) T 4 Hi TR EMEDH SNz BT
FRE L OvE = T RRIZ, 0001 ug/mL Gixf#0.03 ng) B
£ 1%0.01 ng/mL ([f0.3 ng), =D& EDOCVAtIZ1.6 %
XO17 %72 5720

Fig. 51%, MEFIZANN L 7232 0.1 ng/mL (Hix} &
3ng) ODNNVTOfEF NI ADIAZ ORI N FATH
o MEENEIORFFRER], MBS mETH L, VT
g M) ARER TNV TaBA e F )Y
AAF I ZTACHET 5708, EEEI431DN)V T a4+
VIEIMS/MSTHMRST 2 Z D WEETH B, 22T, 1
BHL 2 BEHOMSTH UE&EHT v &)V (MS/MSF
YAV I1431/1431) BRRET H T LX) A F &I
EFWCE=Y— LT U TNA T2 ar 568

Table. 1 BlEEH

1741k ESI %474 7E—FK

14 ALEE -4500 V

MS/MSF + > %)L 143.1/143.1

PAZ AN CAPCELLPAKMF C84— kU v ¥H T L, 46mmlD. X 10 mm, 5um(EE%)
Ny THhT L Oasis HLBZX 7> L XA A5 L, 2.1 mm |.D. X 20 mm, 5 um(Waters)

PRH T L LaChromUltra C18, 2.0 mm I.D. X 50 mm, 2um(B3Z/\1 7 7)

BENMRIAR L-7100 A-1 10mM ¥B7 > E=Z " LKAER(100:0 K/ * &/ =)L, vN)

A-2 THERNZNUI(HT LHESEA)
LcuU B-1 10mM XB87>EZJLAEKEB0:70 K X2/ =), V)
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y = 3771000x - 98920 10
% R2= 0.9999
=1 i :(E 8 -
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o
e o
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® 10 5
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5t (N Ty T T bR L1855 #R) I IV T a4
T OE =7 E N7z, 01 ng/mL (it = 3ng)
B L U10 ug/mL ([F300 ug) 2B\ T R 2 57l L
722 2h, 115 %B L U111 %72 572,

SNV TaEEF MU ZBH] (T8 0, RIS
YRR A G B OV T OB R E LR X, %
5412 X ) #930-100 ug/mLTH 5 B F7z, MEIR
izi, M OBEERG AT 5L EbhTws W,
S ML R IC BT B 200 7 a g 8 ) v Ao i 4E
B AFIIN0 % ¥, o THEBEK 513810 %72
DT, WEEH O,V T ORI T 10 ug/mLEA
TEFHEND, DRIZXD, FEEOMER SRR
OFIPAN TR Z2EME, FHEPEONRTHwALLEE
Py (W

5. HbhWIc

Gi\E, FEBROGH AT, S 5 ITHER & Il
WEOMREMGTATETH S, HEEH MR
WZhIUE, PRI EEZR EENOBH R, bo &Rt
Ty 7 ICHBHINL e TE S, T2,
RY AT LTI, B3y BLOERHICEERDOER
I7ulCx v, SERCOARREELCE HWTWwb,
ZD72D, A0 bR, By o5y
BLOERWILE, CROICHHTLH S 2080 EB X
OEALICE R SN TED (Fig. 3), BECIE 2 5505
LOAEL TR\, 5, By 237 5T LSRR
LBEELCHINIZ T, YATLAERDOES 55
HLENLZENTE, LDELOBKRDEAN—T
NMHBEBRTELLEEZ SN,

BE 3k
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Localization of nhuage proteins in mammalian spermatogenic cells.

1. 3UBHIC

FHIIcIE, s ol mR IR I L1
WAL, SEIELUMTIENS LI, 20
FIERE DT L STz, Z o, 1955412,
BLOTETHEMBEOERIIESELYY, 20, F
A v iEChromatoide Korper®¥iihiRchromatoid body
(CB) L3N, 2 BB T b7z 1950
~T70E DR IEIX, S FIFRBWOAFHMNIZ,
BTHREOBCYWE»SRLI MY F) 7 LERIC
RO W EE R AR LT, ZoEIzE, B
R 72, MBEICED LI IZFENPATVDLZ L0
5, nuage ULFE - ) LIFIEH, SHL WL TW
5o Eddyid AT AR5 LIZRE D nuageDIEE &
AT B B%29 5T, CBZnuagelllBd AHiiEE LT
5277 TD#ZJV. o TRussell and Frank (&
T v METEBHIE D55t & nuageDEHE, 746, b
D& & OB % FERINCEIZ L, naugek 6 2DF AT
CHEIL s — 0, BT, ol
RONZWREREDY, MIBOZEEICEY, HBLL TN
2T, N DR Enuagek BARIZHI S A TIR
o720 1970~804E X DnuageDAFFEIL, #iKIZIE
R RBEICEOSWT W, 2%, nuagell&Eh
LRI EAEHON TR 572 LHL,
WA, 3022 %7 v 237 D nuagell Woh-TH
DU ZNLEDL KT AMERAFTE L, 0
INCTIE, BRI B W Chuagel2 403 E S 7z
Wik, F7z, I TRV Snuagey V737 H
DRHIZOWT, REBRPEE THIZZbIvbhoii%
R L7z,

2. nuagelBENS1FIXL
— REEALBICLIBER

WTETA 70V, Ty boa, 1256XIVO
AT =TI, EHITHETFEHRIZ 1 22561902 F v 7T
G SN TWAS, DDX4D i s b deta THIEE T 5
&, BEHMIZIEI b FYTRE AT FAMC) 1Y
T 5 MR RO e falL, KRB A L, Mo
ARG, ZF—=Y VIR S HVBIE LD, VIS

*  RBFEIBEREHAER PRI AR Bu%, EFL
* ok RIGEIBORFAIEAE  SEARRRIRE A e S Wi, St
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t#®E =58 MHE BT

#H Hi

NEFRE HAF

XU Tho & bl kb, 72, BBHMIZIZ60-
90 nmOK; - OEEAKRTH 20RO Gef d, KR
FLlZa AL, RO =213 A7 —IXHBXIICH S
Nb, TNHOGEMITME TR THITS NS, K1l
faTix, CBOEKAMEED, AT v 7T 405 8I1Thl)
T, REEOREBRIBEEHERFTLHH, R THRT
%o 3HHDZ 7Y, DDX4, DDX25, MAEL%
HMABEDET ER B TLE, ThoDy 7 HIET
R CnuageMiEIZRET 5. LA L, HEMESRT
MO R, ZORBUIKRE LTI ALNT:
(B1). #HlzE, A7 —VVIITIE, 7$F7 V8K
FEHI I o P JEk: (IMC) 4%, DDX4Z58 < 3 % % 25,
DDX25IZI3FRA E G E 5 v —, KTl o
F(CBIEM & 87 B2 HE S (B 1A~C)o F
7z, AT—VXTIE, B O O K& A DDX25
2Btk TdH 555, MAELIZIZRaEETH S (B 1D~F)o
LaL, A7F—=UXIITIE, HEMBEOOLROMH
FEADDXAIC Y S5 A%, MAELICIZBEETH 5
(B1G~D. ZDLH) R ER M E2mILKT, HE
EABIST 5L, BRI KERBR T, BA LR
ZRET HE GBI CALNDL, TNO5DHEHEIX
nuage?’, A5 THHGBRET, B - MK, G- 5%
EIAFIVIZITHEDRLTWD I EERIET b,

3. 7y MNEFEARMBRICEH T 3641 7 Dnuagetdis
Russell and FrankiZdX® 6 2D % A4 7Dnuage? it
wL2,

(1)70-90 nmAr ¥ (B 2A) o A7 — Y VIR HXID/ S
X7 UK RERIIC A S, BB L TIFETET 5.
WERZBORIRICH 2 5 TWB T ED SV, T2
BB e L7z T, R 8 (A
BEDBENSHEAE LG TOONTnE LR
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1. BEEAZELE, A-C: AT —JVIIORBHEICHITS
DDX25 (#%) £DDX4 (7)) D —E % &, HEFERIROIMCIE
DDX4(C% % 3 A DDX25IC (3% % 5 &L\, D-F: X5 —IX
DFEMEICH (T 5DDX25 (#) EMAEL (7)) D —E% @&, O
HIREEIDDX25IC [ T d 5 7, MAELICIZfatE, &5
ICMAELIC B3t D FE%i1 (3 DDX25(C e TH 5, G-1: XA F—
IXIDFEHE CH (T DMAEL (£%) £DDX4 () D=—E% &,
MAELRZ M O F8%I (3 DDX4 (& fE, DDX4IZBHED V6 R
EIEMAELICBET# %, Bar =20 um.

bNbe WEGZNITHIRT o

( 2) satellite body (SB)(R2B)., Z DI #o T
FawcettH 2 & o TR E 72 HE3E&E T, CBDE L
CHEET A2 ENSZ04D5 2 517", SBid
OB RIS S K AN D05, WOk Tl
FIZDFEL, RATHIET %,

(3)IMC(E®2C), ZOMEIIESALZIFIV YT
MEZMOLEFHEOBIENLRY, 3FT
RTOAFRTIANBAEE S 5% HHTIE, K
FEHIIZICBHEE TH 5205, FTHIIICIZFRA £ A5
N, MEGE PO TIE, L7z ha
YR TIAE L7z b oe/Nik & U THAET 5o

(4) 30 nmk; T OHEIH(F 2D) o RIS ZLERFIC 22T
NaD, Fidbiewv, MR FIZEORESHh
LAT, BEHE) AR —2DEHITHR b,

(5)60-90 nm# F-OHEI(F 2E) . ZOREEIE, -
B ORI AL, FTIZHEWIEET S
HIZH D, CBOREMAD X HITAZ B0, BE
SIBRRIZIIFTIE L 2\ DT, RIS fk DS
NHEIFTEZIT V. BV Ibay YT e
B BRTEVE DA D, IMCO—EB L
fe L7-BRITHEIC A LN,

(6)78< M F - FF1(CB) (B 2F), b EHL<NH
MOENTWBE TR s, |1
RO R\ IHIRRAE - BT IROWEIC X > THERE
SN, PRI BARCHITE A A D AA TV,
T 72, B F ARV RE I ISP E R
T, BTHloMB»MBEL, KELT,

2. Ty MEFRRMRRICH (T DnuagetdBE, A 70-90 nmiLF, B (N)ICEL THET 3,
B: satellite body (SB), C:IMC, X haA> KU 7DRE%IEH TS (KRED), D:30 nmiFDERER,
E : 60-90 nm¥uFDEESE, IMCEERLTWBENH D, F:CB,

Bar=0.5pm(A, B, C, D, E), =1pm (F).
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IR SR E L C, T TATY
TIUIZH R T 5. FEE T, ZHO/DNRICHE
Na, ZO/NEIZ, VY —aEY 327 F Lampl
BLUOLamp2Z2 b o>THYY, VYV —AE#ET
pEBbhsn, 3)L@)EBEIAEICE, 0/
Fahs Ar 5 %,

4, RETIBEICL Bnuage® /N7 BOBEFR KM
ICET3EE
LD 6 DDy A4 FITHF S N7 IZnuage ¥ ~
INZEE, WHIREE L XV TED X ) IHAIT B DT
59 bivbiud, 3Fidnuages ¥ /3 7 ok
B L CRIERBHE TBIZ L,

4-1 DDX4(mouse VASA homolog, MVH)

DDX4iZ, (2) & @) ZBR\\W72T_TDF A 7 Dnuage
WZRFEST 5 (B 3A-E)o SBE30 nmbi FI2B1F 57
FiEE<, KinkEtodbod osh s (R 3B,C).
70-90 nmAv 1 Tl&, DDX4FML AR Tk D% L 1,
COMEOREIC-FZLTRHET S (B 3A) . IMC
&, BT VEN(E3B), MIkTHE, Ibav
R 7AME L IMCORMIZ Y 7 F IV h3a 55", 30 nm
B OHERIIFITE#RINEB(R3C), £LEMET
THhbo CBIZIRDM Pt SNDA, BEIIHTATX
VLD ALRWEDZD 22 OB LIFLITEIE NS
(R3E),

4-2 DDX25
DDX25(&DDX4& [fl U & 9 12, 70-90 nm#L -, 60

i“l"& "r "l
‘gﬂ\ e

1 XN

-90 nmHL ¥, CBIZH ftfaznb(E4A, B, LA
L, IMCIZiZ, o5 ThH, BOTHWEBTHY,
TG ASN D X912, DDX25IXIMCIZIEdH
FORBL TRV EEDLI S, 30 nmby - OHEIIF Y
3Ny, SBIZDDX4L D eI b, AT
v 79 - 1UIA LN LTI OCBIZDDX4 X 1 5 < G
fExNb,

4-3 MAEL

MAELIZ30 nmb. T- D £ 3L % B < 37X T Dnuagelt
Gzt s b (K 5A,B,D). 4712, MAEL®

2B B 4etti, DDX4%DDX250DF I~ Tl
Vo SBNOMAELD G i w2 b L, SR i3 H
Wiz D 2 EFBEEORBVEITIHAET 505, WD
Wi HORIZIZRW(E 5D), 2D EiE, MAEL®D
SBIZBIF BEEFETAIIR SN TN B T L2 RIET b,

5. nuagelcBL &V EF A HIBIIFRAVEE

(1) radial body. ZOfiEX, 27 v 712D B OKEF
MR OMBBE A SN W H/NEARRRD LR A
BEHRICIEA TV S, KT OBEAIET %
INBARBEDOWINE LTV AR EE 2 ShTwalY,

(2)reticulated body (RB)o ZHUI AT v 714-16D4F
T OMINLE A BN DLW E L 720D RO S,
O OEAES0-100 nmo MEARICHEN TS S
EN %\, ATy FISTHMWT 57 HEREIZAI,

(3)granulated body (GB)s A7 v 7'15-17D ¥ ¥
JUlZHBT %, BEOE WK LOWEIHIZEE
57250 T, BABIZ RV, #iEDouter dense

X3. nuage#%zakdb”éDDXM)ﬁE %ﬂﬂ?ﬁ?"o A :70-90 nm*i?o IR IR, NIZZE
B:SB(*) &IMC(%ED), C:30 nmiiFDEEERF, &R FIEIMHRNICH 5, D:60-90 nmﬁ?@iﬁiﬁﬁso
IMCIZ#EWLNT WS (RED) . E D CB, —EBICTNILH &GN (KRED) . Bar = 0.5 pm.
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fiberd R XTF FHM ST 5", Bkl WS Ho I bV FYTORERICE L7 M OS
AN fiiZiZ, HEEDouter dense fiber [/ CHE DY)
(4 ) mitochondria-associated granule MAG)o AT AL

79 -17DOFE I A SN B EEL-2 umD LK
BREGHETH D, I by ) 7HERIZEIC

o o

X 4. DDX25M/F7E. A : 70-90 nmiLFDEEER, WRIIKE, NIIKE, B CB, —&f k&M (KH) .
C:IMAG, 5EDI I KUTZHRHELTWVS(*), Bar=0.5pm.

R 5. MAELDJS7#. A:CB, BB3WESDINILAFEN, II3EER4BERHETH S,
B : #%HNDCB, /MAICEEh T3, C:RB, D:SB, DDX4(XI3B) &K W EE>TW 3,
E:GB, #E&ET3H3 VR FIERRM(KED), F:MAG, 4ENI AL RUTZHRIET S (%),

G BEEIBORF (K, H: EFHIRZERO/NERL, | residual body® ) R — LDELE,
Bar = 0.5 pm.
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6. BT AMRFENEE S nuage? VNV BEDRE

radial bodylZiZnuage? ¥ /87 HIZ)J/HIE L 72 v,
DDX4iZ bk o & o rh TMAGIZ 72 B S 5 205,
o EETH S, MAGIZIZ, M, DDX25&
MAELA R7E$ % (K 4C, 5F) MAGECBIZ[H Uik
X TMAELIZHF % (RI5A, F)o RBIZDDX25(2 1355
{, L»LMAELIZIZIE5R Bk S b (R 5C),
GBIZDDX25: MAELICH A E I Ytz b (R 5E),
GBIZIE, BEOV/NERAE L TWDAS, it
BT b,

7. ZO{OMAELGEEE
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Hitachi High Performance Liquid Chromatograph Chromaster 5000
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Introduction of the HT7700 TEM and its application
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Observation of surface structure of lithium-ion battery materials

by using SU8000 Ultra High Resolution FE-SEM
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5.

ICAS JAIMA Special Session: JAIMA Symposium 2011(2011/5/14 F=&B)

th)ll #E(HIL/\AM 77/ 0O —X)ff : Applications of High Performance Liquid Chromatography to Pharmaceuticals

and Foodstuffs

[Summary] High Performance Liquid Chromato-
graphy (HPLC) is one of the most commonly
HPLC has been
extensively used in the separation and isolation

used analytical Systems.

of all kinds of materials in Liquids through
variations in equipment, reagents and accessories.
The variety of analytical methods allows the most
suitable method for the customer’s needs to be
selected by variations in columns, elution solvents
and detectors. For example, several analytical
methods are provided for organic acids.

UV, CD and UV-VIS detectors with post-
column methods can be used for organic acid
analysis, and reversed phase or ion-adsorption
mode separation columns are generally selected.

User’s needs in terms of analyte components,
concentrations, contaminants, needed reproduci-
bility, analytical time, cost and skill of operator
can also be met.

Robustness, ease-or-operation and moderate
cost are also great benefits of HPLC. The
excellent reproducibility and high precision
are of the greatest importance to HPLC users,
particularly those in quality control, as the
reproducibility of quantitative analysis directly
affects the cost of materials in foodstuffs and
the safety of pharmaceutical product. Here we
would like to present the applications of HPLC to

pharmaceuticals and foodstuffs.
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