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Introduction

Lignin has attracted much attention as an alternative raw material to fossil resources. Recently, lignin-based
carbon fibers are being focused on as one of value-added functional materials. So far they have been prepared by melt
spinning or dry spinning followed by thermostabilization and carbonization. In this study, we attempted
electrospinning and melt-electrospinning of different lignin preparations, such as acetic acid lignin (AL), soda lignin
(SL) and poly(ethylene glycol)-lignin (PEGL) [1, 2], to prepare thin fibers as precursory fibers for carbon fibers
(CFs) and activated carbon fibers (ACFs). Herein, we demonstrate preparation routes for CFs and ACFs, especially
using modified method of thermostabilization in order to shorten its treatment time. In addition, we would like to

report a new utilization of lignin-based CFs and ACFs as electrodes for electrical double layer capacitor (EDLC).

Experimental
Preparation of AL fibers by dry-electrospinning
Hardwood acetic acid lignin (HAL) was dissolved in acetic acid (AcOH) or AcOH/CCl, (weight ratio, 8:2), and

then hexamethylenetetramine (hexamine) with different amounts was added to the solution. The mixture solution was

subjected to electrospinning of lignin fibers by using a homemade electrospinning machine, and it was carried out
under the following conditions: applied voltage, 38 kV; solution flow rate, 5 ml/min; tip-collector distance, 13 cm.

Preparation of SL fibers by dry-electrospinning

A mixture of softwood soda lignin (SSL) and poly(ethylene glycol) (PEG, Mw= 500 kDa) was dissolved in
N,N-dimethylformamide (DMF), DMF/acetone and DMF/ethanol, and followed by heating at 80T for 2.5 h. The as-
prepared lignin solutions were then directly electrospun under these conditions: applied voltage, 25 kV; solution flow
rate, 0.5 ml/h; tip-collector distance, 13 cm.

Preparation of PEGL fibers by melt-electrospinning

PEGL alone derived from softwood or its mixture with different solvents, such as acetone, ethanol, and DMF, in
different weight ratio, was melt-electrospun by a homemade spinning machine under the following conditions:
Nozzle temperature, 145-150 °C; applied voltage, 20 kV; winding rate, 50 m/min.

EDLC assembly and characterization

An EDLC assembly process is shown in Fig. 1. As a first process, the electrospun lignin fibers as mentioned
above were converted to CFs and ACFs. The lignin fibers were thermostabilized under air atmosphere by heating up
to 250 °C at different heating rates. Then, the thermostabilized fibers were, in turn, carbonized under a nitrogen
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stream at 1000 <T to yield lignin based CFs. Finally, the resultant CFs were steam activated at 900 °C. Thus, lignin
based ACFs were obtained.

In the case of melt-electrospun Lignin

fibers, the lignin fibers were first . .
Electrospinning/ Melt-electrospinning

immersed in 6 M HCI aqueous solution —
) ) - Lignin fibers
at 100 °C to give chemically stabilized
fibers. These fibers were further ¥ Stabilization
subjected to thermostabilization, Thermostabilized fibers

carbonization and activation by the same N
Carbonization

processes as other electrospun fibers. A 4
The resultant CFs and ACFs were Carbon fibers (CFs)
grounded to powder, and suspended in v Activation

aqueous carboxymethyl cellulose (CMC) | Activated carbon fibers (ACFs)
solution. These suspensions were

) ] Grounded
ultrasonicated to give homogeneous v
slurry. Then, 5% of conductive carbon ACFs powder Aqueous CMC Conductive
solution (2%) carbon black (CB)
black (CB) was added to the '
carbonaceous  sample/CMC  suspen- | TTTTTTTTT
sions, and the mixtures were spread on Ultrasonic treatment
an Al foil to vyield electrode. The v
e|ectr0des and a plece Of papel’ Sheet Electrode materialslurry
(Mitsubishi paper Mills Ltd. Tokyo,
. . Spread and dry
Japan) as a separator were immersed in v
triethylmethylammonium tetrafluoro- Electrode
borate (TEAMBF,)/propylene carbonate Assembly
(PC) solution. An Al foil was placed at (Electrolyte: TEMABF,/PC)

h 4
Electricdouble layer capacitor (EDLC)

the bottom of electrode flat cell, and the

cellulosic separator was put on the foil.
Fig. 1 A scheme for lignin-based ACF preparation and

EDLC assembly

Afterwards, the other Al foil was placed
on the separator to give EDLC.

The performance of our EDLC was evaluated by cyclic voltammetry (CV), electrochemical impedance
spectroscopy (EIS), and galvanostatic charge/discharge (GCD) method using an electrochemical workstation
(Autolab PGSTAT302N FRA32M, Metrohm Autolab B.V., Japan).

Results and discussion

Preparation of lignin based fibers

The structure of lignins varies depending on the plant source and the method of isolation. Furthermore, they also
affect lignin fusibility and solubility in different solvents. Herein, both dry-electrospinning and melt-electrospinning
of different lignin preparations were attempted to obtain lignin fibers. Dry-electrospinning is a very simple method,
which enables spinning by electrical force, and applied to most of polymer solutions to produce fine fibers, while

melt-electrospinning can be applied only to polymer melt. The latter spinning costs rather low because of no use of
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solvent. So the requirements of two methods are basically different. AL electrospun fibers (Fig. 2-A) could be
obtained by dry-electrospinning from 35 wt% of AL/AcOH solution. An average fiber diameter was 1.30 ym. SL
electrospun fibers (Fig. 2-B) were also prepared by dry-electrospinning from 1 wt% of PEG. On the other hand,
PEGL fibers was able to be obtained by melt melt-electrospinning. However, the fiber diameter (18.0 pm) was
relatively large. The diameter could be decreased by mixing PEGL with 30 wt% of DMF (Fig. 2-C). Therefore, we
provided relatively feasible routes for preparing lignin-based thin fibers.

g498 sgul |

Fig. 2 Images of A) AL electrospun fibers, B) SL electrospun fibers, C) PEGL melt-electrospun fibers, and D)
thermostabilized fibers, E) CFs and F) ACFs derived from AL electrospun fibers.

EDLC assembly and electrochemical characterization

The obtained fibers were converted into CFs and ACFs as a raw material for electrode of EDLC by stabilization,
carbonization and activation (Fig. 1). In conventional thermostabilization process, it is carried out at 250 <T in air
atmosphere for sufficient time to render them infusible by introducing oxygen molecules into lignin molecules. In
general, a low heating rate is impractical because very long periods are required (i.e. for 2 days), while a high heating
rate causes violent exothermic reactions resulting in a melt. Therefore, optimum stabilization conditions (heating rate,
heating time and heating temperature) should be established. Thus, thermostabilization is very critical in the ACFs
production process. To overcome this subject, we tried to add hexamine to the lignin solution, which was expected to
act as a crosslinker to suppress thermal mobility of lignin. When hexamine was added to AL/AcOH solution, no
electrospun fiber was obtained because of rapid curing before spinning. Therefore, when the reagent was applied to a
mixture solvent of AcOH and CCl,, the dry-electrospinning of AL mixture was carried out. When the resultant fibers
with 10% hexamine (on solution) were subjected to thermostabilization under air atmosphere, the infusible fibers (Fig.
2-D) were obtained by 3 h treatment. In addition, the resultant CFs (Fig. 2-E) obtained a large BET specific surface
area of 1287 m?/g even without activation. The CFs were easily converted into ACFs with the surface area of 2185
m?/g (Fig. 2-F) by steam activation.

EDLC was assembled with the resultant CFs or ACFs as electrode materials and cellulosic paper as a separator,

which contained TEAMBF,/PC as an organic electrolyte, where commercial activated charcoal (AC) powder was

also used as a reference.
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As shown in Table 1, the specific electrostatic capacitance and charge transfer impedance (R of ACF-based
EDLC were 25.1 F/g and 37.2 Q, respectively. These electrochemical properties were remarkably superior to those of
EDLC assembled with AC powder. The excellent performance was attributed to large specific surface area of ACFs.
However, these values were quite low, compared to those of EDLC previously reported[3]. By the addition of CB,
EDLC performance was drastically improved; Ry of ACF-CB based EDLC was decreased to 12 Q and the
capacitance was remarkably increased to 133.3 F/g, which was comparable among the reported work[4]. Therefore,
lignin-based ACFs can be a promising electrode material for preparing EDLC.

Acknowledgement
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Table 1. The electrochemical properties of EDLC based on different electrode materials.

Specific - . 2) .
. ) Specific capacitance Charge transfer resistance
Sample capacitance
(Fl9) (%))
(F/9)

AC powder - 0.1 >4000
AC powder-CB 74.8 90.9 2.4
AL-ACF-2 27.9 25.1 37.2
AL-ACF-CB-2 142.0 133.3 12.0
PEGL-CF-CB 87.5 94.3 7.0

1) Specific capacitance was obtained by cyclic voltammetry
2) Specific capacitance was obtained by galvanostatic charge and discharge method.
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9) AL, FAEERTT © AB2EE 30(10), 799-806 (1984)
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P-3 SXERIERIE LERBNSA A Y ARICYDEEET 45— LTOFIGHA
(EITKR) OFJIEKRER. ARFt. HARF. HAM

1. #
WEM T ¢ T —RFXE S TR SICEESEE A 5T 2N TIRASFHHAINTWD N, 20K
FOKRIBIIMEABWHEKTH D, 6> T, HAEFRER AL A~ A ORI RWICHEE ST L <,
WHFFEE TIEBEICARE AN A <A ORM) O 850°CEMME LI L5 —ohsREIRE (CEEME & &y ik
W ERe BT Dt A YV fLR#E, CMC) ORGEIZHEII L, CMC O iR IIfS N s 7 7 7 4
FrznFxz—r (GSC) EWORFRIZIR - BREAFFOZ L TRIETHZEAWLNITLIE V3, &
BT, HEMTH (P). Bled (A) LTz, slEms 2t (0) LCImRFELRET D&
TREL<AEL, HilROEEMRFBICICET DU EICET D Z & bME Lz 9, AIFFE T, Bt gkt
BEERAL 22 AR LIS OREH A A~ RZEA L, %A E LT P-A-0 352 & CRMERBOEENET 7
—NFONDINE D PEFHRT,

i

2. EBRAE

D850CFe ROFAM : HF7~> (IW), EUvYUF~o (BA), #—E (GA)., v Az (AS), L7
v— b (PU) (ZHE#A8% Fe(NO3)s + 9H20 A /KK EIZ CTIRIML ()8 Fe & LT 3wt%). NeXitH T
500°C-2h, 5l &fix 850°C-1h ALH L7=, S5 7= 850°CIkIL, Fe-LW, -BA, -GA, -AS, -PU tF L
7eo ZEMITERI 850°C-1h & (No) ZFHE L7z, QFWEE : WEERAR—/L I /LT 20min Bt (P)
L72#% IM HNOs ([Z=Ril T 24h RIEHFH L7z (A), FlE# 400°C~ v 7 W TEUWLEL L 72 (0), 2
O ALPfix, #AEH SN ERE R SHER U7 IRR R REIS 2 B8 L CRERFMARE L7z (O ICL 5 E
BT 80-50wt% Td> o 72) . @B MILR DPEIK . BRI R O X BREHTH 6 bR ORE E 24 E L,
ZERWMAE TR L0 A E A~ EAEH (SEM) BEIC L REBRELZR -, 2. A
TRHORERE (TG) HHHEICLY, 2P RENELZTHE L, @QEEMERE . SROFE L
1 — ZMRA~DOEEEEZ 20wt% & L CHEREAIR —/L /LI T 10min HIFEEAS L. BVERAR (140°C,
200kgf/cm?2, 30min) L7z, & 572 FHAGRE (30mm X 1.5mm) (22T 4 £EEHE THRFEERITE Ry).
H—IEZRMHBEEIC LY A v B —% 2 % (Imp, 1kHz~2MHz) | [Ffili¥ v © 7 ¢ &5 CEBEE > —/V Rk
A2 (EMS, 40MHz~2GHz) A& L7=, WikOEEMRFE (BT > 77 » 7 DB, @tk v 7+
=275 v 7 KB) 12T RBEDRIEZIT- 7=,

3. HRLEER

X 1 1% OAP % DO REDFEREMIE GA>LW >AS>BA>PU THDH Z L ARLTWER, WTHOD Fe
RCTH PAICK BDEROBRE, 012K 5 IEMERFEDFREIT RN FESMEZ R ST, 2 ORGSR K
13 TG hFRHERE R & b —F L, OAP BRI A VAL Z R RESEDLZ b voT, £/2, &
Lo 5 FE OAPFe RO A Y ALAREIZ VTS DB LW K& < HIFLELE 10-50nm D EERAY R X 72 X Y fLD
AREIX KB RS ETHho7, 29 LIRS LW RUATH GSC DA Tl S, EB SEM
#2206 BA, GA, AS, PU R TITEIR - BRI Z D D@0\ EdH 503, LW [k & [FIERIC GSC DA R
Waniz (X2), Lo, mEOMEIRDGHTH D R ORE ML, GSC Ok E-CE eI LFE
FRIZ L o CTHRZRY | ZoEENEEE (=7 47— ICERREELHEX DL THRIND,
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31345 Fe IROBAELIZMED Ry DZE(LTH Y [ PA,
PAO ([C X o2& MM EZX L TnD, ZOZEIFTEREL ‘
TVERZANS FRTE 5L THY ., A VHFELE

“@ﬁi@ %If%é kﬂT%éné LT BT

ST
ﬁﬂl“@‘é L Thd, EMS TE I%. GA-OAPFe F75>5|QF /}AQ\_ N W
BTV, ﬂﬁ@ﬁgﬁ_ OAPFe j¢ T KBIZHG2<, 2 g s gz
AS. PU # R I 2E R CHEMIEMED 30dB Za‘:ﬁz éi A S =
7=, Imp I 5@_ OAPFe 1t & KB ORIICER/EEHD S /
BRIz, o T, AHLSD S ZLVXJE#M) \w/\&“ﬁ: -

t KB LRZEL EoEMEaeEEE T « 7 —niiE T % ' ' ' ' ' ' '
S 10 20 30 2;(()0) 50 60 70
L, 7 7=l E LToOmEME, 3505 GSC 1. OAPFe 0 XRD 712 7 7 A /b
DEAEMR (AL & BB LD BiEA2ZE) 1L E%R
T2, ZOMIF. LR LEZLHIZLW >PU>GA> BA
>AS THY ., AMITEE TH DL, MDA F~ A5
t, LW 0 60-80% |\ HH24 3% AV % 0 C.GA.BA,
AS, PU [ TWITNH AL MBIFECTHD Z & 2 EAFIT
T5,

OLW OBA BGA mAS BAPU

3.0
2.0 B 1 [X] 2. OAPFe-GA ® SEM #
22
(3]
3 # 1. % Fe RORAILR
\; o - = = Py
& s 8 . g 850°CH O ICL HEE Akl
el AEE 0w Mo )
LW 27.7 30 19
HM BA 926.9 50 13
0.0
Fe  APFe OAPFe KB GA 21.2 30 15
B e AS 17.4 30 12
X 3. £ R DIRFEHPTR
PU 9292.4 30 16

4. BEXR
1) T. Suzuki, H. Matsuzaki, K. Suzuki, Y. Saito, S. Yasui, N. Okazaki, and T. Yamada, Chem. Lett, 37, 798-799
(2008)
2) T. Suzuki, D. Kawakami, K. Suzuki, and K. Hattori, J. Jpn. Inst. Energy, 90, 544-545 (2011)
3) T. Suzuki, T. Shinomoto, H. Matsuzaki, K. Suzuki, N. Okazaki, Y. Saito, H. Kita, and H. Tamai, J.MRS, 36[3],
417-420 (2011)
4) TNEORES, (UARI, $aARRCT, AN, 5 44 [B] 0 AR A IbME SGHAEE, p. 42-43 (2012)
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P-4 GHEFAR> R L - ER _HE X v N X BRRARE OME
AERTERT) OFEE - W TEM - giARRF - SR

1. &

WIFTLEE Tl AMICECRE BRI 2 /KIBIR SR TN L7-1%
500C CTRILT D LXK 1 O X D IZE&BMRL -2 EE oL, R
T 700-800°C ¢ KOH BliFALER 3 5 & RG22 1% < v O i
PREZ FFOBR _HE X v\ ¥ (EDLC)EMAHIRFE L 72D &
ZEHLNCLTWS D, Zo@Evy EDLC Mg, &Rk
BET #HFE(SBET) & 4nm LLTFD A Y fL(Ve-4) 2 3B RPGITF 2 S
BHHEEZLLND, AFFETIE, 82488 L REICE T

2 I3 & O EANEM AN S WEIZ RN L 7= K555 O EDLC
B O TN B TR b FeB00CHR® STEMCTE &

I

2. EB

JEBLR & RIS . AL Cu(NO3)2 3H2O. Fe(NO3s)sr 9H20. Ni(NOs)2 6H20. Co(NO3)2 6H2O
A BRERTED bwt% & 70D X O H T =Y RITKEEZE TR L, Ne Xt # T 500°C-2h
A Utz BTG, 2B EEHRIC 4 580 KOH Z1%., N2 &S 700, 800°C T 1h 7o 7=,
B NTRIERIT, &EEREDOTZDO 1M HNOs iZ{E(A) 2170, Cu700A, Fe800A % & L CTHF
L7co PEIRGHT - MIFLIEIEIZ-196°C D 2 B M A5 S IRARIE T, IRFE & e B ORS M X #RE
TN, &EEGHEIL, 8h0°CHRERE A T/AKICIEM L TR FIEEITV, B Lz, ®E
Foili & AR OFREIX, STEM CTHIZR L=, B : &ERERAR), 7EF LT T v
7 \PTFE % %121 90, 5, 5wt%hc & L TR L, 22 & L C 1M HaSO (IR B M) |
1M Etu,NBFJ/PCUHFEMR) O EB Atz 2 eV CHIE L, EEEEDOF v/
& Z(Ce) B Lz, el o HiliEtER(YP-501C W T b FEIREIC Cg kb=, A4 27V
v R E A R Y —(CV HE) : $R-tELEREM A M, 4% %k & LT 1M HoSO4 & VN2
SRy, REERICL2HUAREL L TCORREMZR~T,

3. FEFRLBLE

500°C/RAL CERARIT 4nm LU F ORBHR -3 @0k 5 DI
%t LT, CuhiFD <13k K& 10nm Fitk Ok & L CTIF
ELTWE(X 2), 72, 7T00CHRIE ClIskreBHEF L TR0 |
YA XD D AV LD EICR S, 800 CHRTE TIL A VL%
DI MmN > 7= (X 3), =52, 800°CHAE CTlxek-24)E
HEEO X RRFBICED2WEITL Z 53, AL D Cu OEIUIE 3
5T - 1= (BN >99.9%), X 4 12 Cu, Fe, Ni, Co700A, 800A 5 g 50nm
L ONYP-50 OFEFEE 25mAlem? 1235 1) B MEHETEMRIG & ATHETEAR X
WD Cg Z~ LTz, Cuthff A RO 700 CHTEI I RSB AR K2 Cus00°CH D STEM-TE £
1200 5 A3, 800 CHEIE Tl Mepds L OV BRI IC R b AW
%5 %7,
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fitJ7 CV HlE Tldgke@ial A k&R U < BZEC IS OTEBNIFERD Hivd 758 Cu 23U
Kb LT FTREEIZ/ NS o Tz, 65T, Cu ROEW Cg bZ OfMfLESEICERT S Z &
W TH Y . EFE Cu700A. 800A 1l SBET 1% 2800m2/g ##8 %2, Vo bZHNFI 0.24,
0.49cm3/g L AV HANKELSHEL, K515 Cg & Veua DEERZ 7y L TEY, ZIET
OEREBRME Ak &R U< CuA RIZHEHE O EWEBEME 2RI ELIERICE 72, Lo Z &
Mo, BREGRIE & TR OEEITR 25 00, HEF Cu I L Ve NS5
Z e, Cg HIMDERTH L LHMranz, EBEINIVEG THLHZ L5, Cu HEER
PRITERR AR ER R L 0 BN 7= EDLC M R EIFECH 5 & fliim L7,

50nm
|

X3 Cu800A @ STEM #:

70 70

7.3 i3
60 D‘“‘% 60 L [m] %
CEeL m A
~ 950 F — 50 F
o0 o0
E 40 B 40
& 30 & 30
20 | 20 F
10 | 10 f
0 0
Cu700A Fe700A Ni700A Co700A YP-50 Cu800A FeS800A NiS00A Co800A YP-50
(D700 CHRTE Ik D Cg (Flg) (2)800°CH&I% k » Cg (Flg)

4 RR5&RERFARD Cg

0.8 0.8
b Tob
22) ™ Py
Eoa E 0.4 °
>g /l/ = °

O 1 1 1 > 0
0 10 20 30 40 50 0 20 40 60 80
(DA B ESR <D Cg (Fig) (2R FE figtis < Cg (Flg)

X5 Cg & AYHMEMOC~4nm) D%

4. BEIRR
1) 8K f, ¥IHLz =717, 58(9),23-30 (2013).
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P-5 HR D DEBHIDITIC K D54 ¥ RV T REERE OFHl

(JERE) OfH &, (EKRFBER) =H £—. EH #.
(FORDA) Ina Winarni, Maman Turjama. (AL KBEE) A HEE

[#=1
WABEA (EE) 1E. A Kb EE Table 1 Criteria and classification of agarwood quality
Classification Criteria
Shdie = N s
TYTIENTTERT Y Fa v skt Super Dark black, hard, dense, shiny and very smelly, no mixed with
AquilariaJg ¥ X O Gyrinops g 6455 wood fibers, a large-sized of chunks or granules, and no
hollow inside.
- = E=0 - -
NOAMOZ L EIRL, AT 5 Z 2 Tanggung Black and brown, dense, hard, sometimes there are hollow
Ko TRFHEIBWEFEZRBIEDL L0 inside, occasionally mixed with wood fibers and middle sizes.
5N B D R EIL LB ERT v Kacangan Black and sometimes fmxed with br.0wr.1: mixed with wood,
granules of pea seed sized or 2 mm in diameter.
VU IVEANVOEIBUIRIH I T Y, Teri Black and sometimes mixed with brown, mixed with wood,
EEERRIC 31T B B T Ol A JEAK AR E less than granules of pea seed sized and less thin or 2 mm in
diameter.
YDO—>TH D, L L IEEDEIL, Kemedangan | Wood that contains agarwood resin

FOIEL A ERBO L Vo R 72 Cincangan Small cutting wood from agarwood separation
HOIZ K > TORPRE S LT 5 (Table Hig : [Rekam Jejak: Gaharu Inokulasi, Teknologi Badan Litbang KehutananJ (32:R)
1; ZORTEERERLDONLIENTHD), SHIZ, HIBIZ K> THZORENRERRD Z &b, flikERE
DARFERMEPHBR SN TN D, Lo T AR T, LEICHEENDIEFLJEDC L > THREZHET 5 2 &
rHIE Lz,

EEOEFERLFZEICEAFT A HHE 7 nE U Fig. DTHD & Sh, KRS, M LBICRET S
FERSE, 7 nEHEHESND, €I T, RRDMWEDA » FR T EREIZONTY v € O
BLOGAEZEBRL, SUTOMESHE ORBRRIZ OV TR L7,

R,R’=H, OH, OCH,

1) 2)

Figure 1 Chemical structure of chromones

[325x]

#EHX. Table 1 @ Super, Tanggung. Kacangan & Teri (208 S WD Aquilaria BDILE%. 4> KX
U7 MREMSERT (FORDA) LY ftE L TlEVW=, Super ®H T, LY E&E 72 Double super & FEXALTUY
HikEBHEH L-, £72. Gyrinops )E1X. Kacangan |53 & 5 Grade A & Kupingan, 35X Teri IZ
IEINDLEF LM LT,

W HI- 2B R Y v 7 A L—fhHEHI AN, =% ) —)-_UP R [1:2 vv)] 12X D 4 BE O %
1Tolz (TR, HPIXIRMEE L%, 24 RERIRIEE L2235 A X ) — VIR S B, TRk,
A B )= )VAIEER A I Lo, A S ) —)VA[EEERIL, A X ) —VIKFRD 7 Z V2 MW ODS 517 LD
HPLC ¥ L O UPLC-TOF-MS (2t L 7=,
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[RE R & B
Double super 3 £ O Super [0 SN EEFEO T AU EIL, MR — 2 TENEI 49.5%.
35.2% TH Y, EOIEICHHESNIZEEDOT AR (10~20%FHE) (TR THELI@WELE o7z
(Fig. 2), 2D Z &7 5, Table 1123 T Super (2N T 2 B OREFIL, ARRALBLC /IR E 2 &5
ATWDZERRLNE o7, —T7, SEDRWT U 7 IS T 2 EFETIE, MEO T 7 &7
#EOMIZAMEZRBERITIR b N7z,

(g/1g) Aquilaria crassna, A.malaccensis (eig)  Gyrinopsversteegii
0.50 0.50

& Double Super
0.40 & Suver P 0 40 m Grade A

P mKupingan

0.30 m Tanggung 0.30 -

mKacangan A Teri 2
0.20 mKacangan B 0.20 " wTeri3
0.10 mTeri A 0.10 B

Teri B

0.00 - 0.00 .

Figure 2 Ethanol-benzene extractives on dried sample

UPLC-TOF-MS Z W= Hric kv, N0 FICEENHERZ nE L FHEKL LT, 3FHENLA
WzRH Lz, (LA (A)IX Fig. 1-(D® 4 #iFo R 7% OH £, LA (B)I Fig.1-(2)? 2 fEifFd RS OH %,
{LE&¥(C)i% Fig. 1-(2) @ 3 &ATd R OCHs Db o & LTRIE L7, HPLC/PDAIZL V. ZhbibaW
DEEZRAT, 70T HIHRSNTELTELD L >7DO T, (LAY EAREMRE 1gH720 O
v — 7 HfE & LT Fig. 312779, Double super 3 5 O Super (21%, ZNHDIEEHOWNT R HBRE ST,
MR DD RBIE R STV D Z EMEll STz, E7o, (LGOI Aquilaria J&H HEELE FL7- K4
BOUWFRIIZSEENTWDLZ LN gholz, LinL, EDEMZONTE, BAREWET V7 L DI
BT 72 BIRME IZ3R D B AL o T2, B 121E .~y R 23— 2 GC-MS % AW TS M4 DT 41T 5 & 21T,
ANEREIT 52EFREBIEEG AW & ORRIZOWTIHNDL TETH D,

(x1010) Compound (A) (x10%) Compound (B) (<101) Compound (C)
14 3.5 45
12 1 3 4
10 2.5 35
I : 3
8 2 25
6 1.5 2
4 1 L5
1
2 0.5 0.5 ——
0 0 0
pgP<m<A< g pgP<m<a<gan pgP<m<@a<gam
==z g-:‘:om:-:- 5 5 g-:':d)aﬂs-s- =&z TR L oo s =
FA3538258ee  233E5E2ziSS 2B5EEEGISC
- = - O = = 5
< =88 ° g < =25 M s £33 3
=] Y =] Y =]
= »d, = »d, = N

Figure 3 Peak area of each compound based on 1 g dried sample
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P-6 W IVYBEORBEMEBICE TS RKBEMDER

(AEmpER) OB — A, il &

1. #%s

B DFEARIHEREDO O DL LT, JWEE., AR R L OILE L EoshEicx LT, AR
B Z2WENE X OMEFRICH#ET 5 2 e nmbnTng D, — AR U 7= 8 Bk i, oM
WP TH A Y F F—2a, NANZAEMBETH D RO 5, ~ Y BHERIX, B O Rk
BB WTT AR A RRT IR A R EDO ZRR#MEESGR LT P, AAHUCKHLTHS %
EEECLFHET 2 D, chicxt LT, 27 BIHBINTWD Y F F— L3585 BRI,
WEHY T EELZONTERERY, TLKKIE, 7T~ YHEOZ A < (Larix gmelinii var. japonica)
DRBRIZBNT, VF F—L2DOBHREBICLY T A RERIMID Y F F—LICEE L.
L0 mERMEERE AR TS Z LR ERTWS Y, LinL, 74 <Y USomECMm o
WAH D OB BT 28R NEZHEI N TR,

PAY R UNAGERBHEBN O E~EASNZEGTR D T VETH LI A <~V iE, KIMNF
RN HHEASNTZ T T~ (L kaempferi) & H#L T, R AL DIBEAEECKH L THEWVIK
PFMERRD N D E &b, B O(LFERIBEE & OREMEN SO LT > OTRBR SN TE -,
—FH. BT VHIEIRS MR EZ R T D28EA S D 2 b, WARBERIC L @S]
R, #E., A IBFEIME, REEEER EORTENTLBE 22 TN 7 A <V
FE (P74 YXABT=Y, LTFF E0H) NAMENTE ", JI4HE, F OENOERMEK
EAEIE 500 ha DL E DL FE LI TE TR Y, RN ENERBREL LTS T05,

T ZTCARMIETIE., BAOILFMEE 2RI LI #r iz 2 R BRI B 3 2 B 1 o B
KT, BI~YEOTA~Y BT~V F OEBEMRRICEITEET L) A R TR
A ROMEKE X TEBSAICONWTHERBRF T 5L &I, TONMEEGHK., BERERKE DM
BIZHOWTEER L,

2. EBRAE
2.1 UFF—LBLUVZRMAFIZEFTIEETILR/ A FOEE

EMEE LRSI MREREBRY B RIS CRRET) IZBWnW T, A~y AT~V FI D
F 12 fER B0FEAE) LV, UF F—20%E LA (M &SR 8Sm, Bl 10~15 4, B 3~5cm)
AL, BEHIZ-20COMmEEICRAF L TERICHL 7,

Be ol O AL BT, RNBOBE R EZEIC L TU F R— 24 & kAN &2 ERE 5 REL 7=,
BoNVF R—bE “REHBEZNENREKERFET THHRELZ, ImBZEAZ V 2a—F ¥ v
fPERILEITB VT, 200mg O &Y 2. NWHBEEEY'E & LT 200mg/ml @ n-tridecane % &
AT 5 4ml FifR = F /L CHEREHFEEZ AV CI0CU FCT1KME LZ0b, moo L7z, #
HRIIHEE T U U AT 24 FFILK L7z, A7 v~ NEESHTE (GC-MS) BLUOH R 7
n~ k777 4— (GC-FID) #H T, E/-BLOEAXFT V) A e IIEEYE £ 7213 MS
AR KNVT—=HAR—ALWBTHZECEIVAELEZOLERL, iR PIcBI 25/ &%
B L,

10ml ¥ VR I BT, 200mg D 4 B B e 2 . WIETAR MEE & L C 200pg/ml @ heptadecanoic
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acid # &t 4mL O A= —T LV — Y= F LT —F )b (1:1, v/v) CTEFEEGFHZHANTI0CLLT
TR Lo b, mOSEE L, SO EIHEXERERM F CHRBEIEZOLY T 2 2 v
GHEYVZTFNALZ =TI ERML TAF AL ER -T2, A FLEEHT GC-MS 8 X O GC-FID 43 #7iZ
L, SOV T A RIZEEYE L LT, LERABTICBTIEAELHEH L,

2.2 UFR—LBLUVZREIEIZEFTZ 7/ —ILEBRSBELVEEISK/ A FDE

2.1 OB Z WK R L0 bH, 10mL FiELEICB W T, 100mg OHEH % 4mL D A 57/—/1/
fﬂaﬁ%@%%%wfmcu?flﬁﬁwﬁbtmz L4y BfE U 72, (+)-catechin % 1 ¥E M)

L T Folin-Ciocalteu 58 X U DMACA L2 H\W T, Bonkz Loz nEnk 7 = / “—/D?QJZU\%/“‘
TIN) =N ESHT LT, 2. WEEEYE & LT 500pg/ml @ phtalic acid % & E¢ Al L [Fl £k D A
Z =itz L, mE s v~ 777 10— (HPLC) &7 7R /A FEEHERZ AW T, #i
WPDT7 TR ) A RERE - E& LT,

3. HREEER

3RO REIESRS LY F F— oo EMEMOSMED NS, WTFRL 1TREOE ) T A2 A
F.OFEDOEARAXFT AN A R 8D T NN A RBRFEIEINTZ, T/ A ROKREIT, W
R E DI T A YSF>> T~ YDIEICE -T2y TASVICBWTE/ T A4 FTIX
3-carene, ¥ 7 /LX) A KTl larixol NI Z DILEW TH Y [[FAERIZH 7~ Y TIEZEN LI o -pinene,
abietic acid " Z DILEM TH -T2, FiTRIA Y ENTIYDEBET AR A FO R D
FEL VORI A~ Y KV oM ZR Lz, £/, 3 BfEL bIC, FET L) A RO HRILM
B RARAR CIEBILL TWD 2O EITY F R—L 055 A & e U TEo o 72 (Figure 1),

3RO OB NS, WTih 3 oD flavan-3-0ol B D 7 74K /A4 K ((+)-catechn,
(-)-epicatechin, (-)-epiafzelechin) W[FEE I N/z, M7 =/ —/L&, 87 T /N — /L&, (+)-catechn
B L OV(-)-epicatechin L. H T ~Y >SF >7 A~V DIEIZEH WA Z R L=, 7.3 8L HIC,
W7 ) — VB, T TN — L&, (+)-catechn 35 L (¥ (-)-epicatechin &%, " KRENH O TN Y F K
— L L L CTmdr o7z (Figure 2),

— R YBBREOB I NT, TN A RIE ZRENE O X0 g o & vl
(conducting phloem) ([ZHFEETH LY v AMBICBWTAEAKSHZDL, tholbAWEEICI
EAEHAERISND L ) ZROETEHERYETHA LA LY L LT KA O S
(non-conducting phloem) THEKRAGAE A D & WK R ECHIIEIE R CONSWEEICERMIND
D, BT VEOBBEIZY F R—LOBEND 55 TREET KaEShTnD VY, SAwYT
FEEST LR A FOYF F—LA~OREERRBDO LN TEY, ZKEHONMINSD U F K—
ADTEEEBICERN T2 ERRBRENR TV Y, LER-ST, BTV YRFICBITLT L) A
ROUF R=2IZBITHRENEX. FABTHL A~V ERKICVF F—LDOREHEICELDZ L
MHEE STz,

TIR A RITAEMBIZBOWTAERKINTEOL, S HIZEZHELRREEEROHAM S =12
BAERSNS 'O BT~ YHEIBRETIE, TR ONMOFZME TEARSNZ3EDOT 7R/
A R0, EHICEHE, TreT=vr M= RECHEARINTEDOL, VT R—AI
BVIAEND ZREEHOIMUTIERL, RANZZDLZL DEB L TWDL Z ERfEEINT,

INETIK AT~ YHOMMEF ICBITLEDE ) T 4 R VBLOBEOYT L) A R

MNE, WHENOBENEGEZ T LI ENRBOLATWS, SEBHLE F OB RICE T 5# 7 =
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J—IVE, T ITINR ) —NE, 7T/ A FRELEBEND BENEBLREZTHAREMEDOH D Z &2

R E T,
3-Carene o -Pinene Larixol Abietic acid
o 5 5
=)
g o |
3 F 3 r
X
5 2 f 2t
o]
w 1 I 1t 2 éi
~
gﬂ 0 0
Lg F1 Lk Lg F1 Lk Lg F1 Lk Lg F1 Lk

Larix species

Figure 1. Contents of the constitutive mono- and diterpenoids in the rhytidome and secondary phloem in the

branch bark of Larix species: Lg, Larix gmelinii var. japonica; F1, hybrid larch F; (L. gmelinii var. japonica x

L. kaempferi); Lk, L. kaempferi.
n =12, based on the dry weight of the bark tissues: B, rthytidome; B, secondary phloem

mg/g bark tissue

(+)-Catechin (-)-Epicatechin Total flavanols Total phenols
200 200 200 200
150 | 150 | 150 | 150 |
100 | 100 | 100 | 100 |
50 | i 50 | 50 | i i 50 |
0 0 S S 0 0
Lg F1 Lk Lg F1 Lk Lg F1 Lk Lg F1 Lk

Larix species

Figure 2. Contents of (+)-catechin, (-)-epicatechin, and total phenols and flavanols, in the rhytidome and
secondary phloem in the branch bark of Larix species: Lg, Larix gmelinii var. japonica; F1, hybrid larch Fy; (L.
gmelinii var. japonica xL. kaempferi); Lk, L. kaempferi.

n = 12, based on the dry weight of the bark tissues: W, rhytidome; B, secondary phloem
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P-7 25 70 AR & DR KRB LPEM(AGE s )JERLILE iy DR
(eRBes) ORMM  Eo., ARA FH, =fF Eh, =E BHE £S5 &

(=1

BUE, FERPEEBITFE ML TR Y | KRS8 L 2> T D, FERFEIHEDHRKRO—>TH S
AA T — RRUSHROEKFEED (AGES) DTERL A FLET DEM AR AT 5 Z L1E. FERIE S OHEIC AT
DET-I2 T - IR~ L BN D EEZ BN D(K 1),

W T, BRICEENDMOOSERIEICER L, AMBEICAAET 2 8 FE(LN R~y - I <> - v
TFAUN e XNL L=l s TAXT Y« IRXFT - A Y HTT)DOBARDOIE L - PR ORb RSy 0
#AK & AGEs PRI EEME & OFHBINEICRE T o2& 21T 72, TOREK, 7=/ —/VEf 8L AGEs AL
FIEVE S ITIEICHBET 2 Z LR ahic, 7R A FEDOT = 7 —/baWidbimibifllZ ~ L. AGEs
e ETEEREZ FF O Z E MM BN TV D, L, ¥ T 0 7SR O 7 MBI 7 = 7 —VEA
BEIIENZE0 D5 T EV AGEs TERBLETEMEZ R L7 D,

FZ T VT I A S Protein
S e TSRS TESES—— R
? AGEs JERLEWE O HE - n_ o™ ¥ Amadori ™ P
NS == £ PAs HG—OH HE—on rearrangement o MM
SR EZ H E L TR L : 5 ol v reamangement o s I T:j
HO—CH 7 - =
fFot. ni—on o o e
':z:z: H;l.":fl:)H H,cl:—on I AGEs
[%%] p-Glucose Schiff base Amadoriproduct NHz
- AGEs TERRBAETEYEORIE 1 AL 7 FI0iE AGES

pH7.4 DV BT U » AFEMERIZ, BSACEIME T V7 2 ) &7V a—RA %k Z 24 800 ug/ml & 0.2 M
(27225 KOz Tt B2 L, 60 oC T 16 KffilA »Fa_X— L7z, M7 maFRICEky Z N
VB AR m L, FOWESZ pH 10 OV U ERAEBEAIEKIC L 0 IR L=k, S 2 BhiEdii & 360
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W, AGEs AR EIEEDOFE FIEIZIL TO LB 0 Th 5,
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- T )V ERBEORIE
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- TR & BRI E

IR IR AR L. ISR VBRI LT, 4 oC - BEET FC 24 BEfE), EELED 0.5 /%
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-
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P-8 Sphingomonas sp.D &7 T ) 7IZx4 5 HEEEF DORE
OEH: 528, Mohammad Nazrul Islam Bhuiyan, =& ., 86 H£—. A5 5 (LK)

1. IC®IZ
BIAE. HIER FICHET A HE D 5 b 1T 90%LL
EORA DR D N TH A AT bR TE A0 [ ]

%P%ﬁé%f%5>%ﬁﬁﬁé%®¢ I$ 1 FED A
VBT B A 0N R D W A IR - &

Lfﬁ B> TR THIEATAE & 72 B F b FE(ET 5 & B reresmns

Z2 LN TW5S, 20 L 5 7 BREMA Y O 4R " E>AST41%“M¥

WIS B L RAET 5 = & U MBI e T ) asnoBET

EICT D7 DICEHETH D,

AWFSECfiE A Lf:?"ﬁ(é% 1% 4 f# (GF9, AST4, ASTN45, ASN212 1. 4 BOMEY DOBEFR

) THY, \ZPE IR A AFIEET O A& G i IS AT

%7“/1/~7°L L IEHEBRENOHBES b O TH D, GF9 MATERIAL ratio(%)

B AR T w@%@ L. {00 3 FEIEZ SR - - sfAiifK 7 {Bacte™ Tryotone (Difoott ) v
_ _ L _ R \ Bacto™ East extract (Difcott#l) 0.2

EZITWDZETHEFTT LI ENbroTnD (K1) . MgSO, *H,0 (FINfiZET s 01
FRROBRMAEDM TR0 &0 SN DHHEFEK 7% B - i |KHPO, (MR T R 0.1

Ve~ - z N2 VRN N — S7. KH2P04(*D§E%1E;§I%*1§%) 0.05

RET DO, VY —T 7 A X —% T NPB B (3 1) eiocss (L HIE T EH 5D o

T GFI Bk EEzE LG 2157, RIZ. DK, A /A= &
Pk = FEE S, WRIZ, D, hobL7a~ 7o #1. NPB SHOMSEES & Sk

7 4 —F TR R TR R SN T D TR TH 5 = o NPB mogim

ERIB X T, time 24 hour
$o CABRE T, WM FATER &0 SRR C L. oo aditation _ S00en

DIFEIEL % KIS 5 72010, FE DML 7 & GRO B teae  [ooraton YV T
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2 A Zo
&fE (R2) ZBHFEILE %2 GF9BRILH#EMt

2481 L ik

2.1 HrREEE

e 600 mL &2, ILAREDY v —7 7 A% — (ABLE 4 BMJ-01P1) % T 48 538 L7-,
2.2 BEHERSY

AWFFRIZEB WD TRET LT A 0 1, RUXRT MU bR A ThH D, VL FICERIZER L7k
DRI HEEMRR Sy 2~ d, (R 3, & 4)

DN NV
B FR ik -an 2 i [R44 %
rITR Difco Bacto™ Tryptone HEA

hEA mE | ARSI | NAARY T H NPA
AXEHE AAMGE | "RV TS | KEEREY
BRRE RS HE | AARIEK | ~A ARV ~F RN | BIERE

KIMALIERY T b DIEH LB

44



R A

BRFR BREStt Eamf [E4t 3
Difco1A — A b Difco Bacto™ Yeast extract [N FERET 5 X
M A=A b il AR Y T3 W R T X |E— VR
N EERE AV o VEERE |BERE T % AT-514 NUEERE R
v — LR F U X VEERE  |BERE % XB2 E— LR X X

# 4. HHLIZERETX ZAOEH L BH

2.3 TEMEFMESE

GF9 k1 S D B[R 1A P B & FI T 2 72 DI, BFRIE AR L Lz, T72b b, FA L7 GF9 E
BaY o7 LE LT, ASN212 Kk, AST4 ¥k, ASTN45 FRICHKT L CE B R LIS THEEL, kW T
TNENDOIRAEY O¥ESE R % . ODsos 2 HIIE L TR L 7=,

ZOWE, GF9 EIFIEAR L T W (E.C.) & & B, 5 EARIEEE(0.2 E.C.). 25 5 R (0.04
E.CODY > 7N IR U, JRERTE LT,

bacteria sample NPB medium |bacteria (from stock) |time agitation |[temperature

ASN212 [100 ul  |260 pL 40 pL 48 hour _ |600 rpm |30 °C

AST4 100 uL 260 uL 40 pL (48rERARTHEE) 48 hour 600 rpom |37 °C

ASTN45 (40 uL 320 uL 40 pL 48 hour 600 rpom |37 °C

= 5. WEFER-TIEMEEEM S
3HER
2.1 HFERFAEICKT HHEBEEDORE
U o BRI L AR -0 [ 05 - 4
BT, 3 FROHEHEE (300 rpm, el
500 rpm, 700 rpm) THEHE L% & 04 12 02EC.
o , =)
I231F 5 GF9 Btz Bis o, s § 0,04 E.C.
ASTN45 bk, AST4 bk, ASN212tk & 0% lE —ar
T SO WMo, F : g
. 0.2 - 0.8

fER. ASTN45 BRI 2 FHE 2 £
paspgEosme cvicggc £ W e 5
BN 2 EAVEIBA L7 (M 2) . <

F7-. AST4 HEIZBWTHIRERIC o0 - - 04
0.04 E.C. COHFERITHM L 7=, — 300 500 700

FHHRHE (rpm)

J7C, ASN212 BRICBA L ClE k& 72
EALITR BN o T,
ZORERND ., LIRS O
FRatE, fEEEEE %2 700 rpm [ZEEE L CTITo 72,
2.2 FEHRHAR L OEWIC X B TSRO E(L
WKIZ, NPB EHLO B HIGH R L D8 K DGR 7 DA FEIC KT T A B L ~D Z L2 HiU L LT,
LT OFEBREIT o7,
FT, RIXRT N LB X ADMEELE X7 5 O NPB 55t 255 L 7=,

X 2. HEHEEDEWIC X D GF9 #5 5 ASTN45 ~D HEFETE M DAL

(5% 6)
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Medium No. 1 2 3 4 5
Polypeptone(%) 0.5 0.75 1 1 0.75
Yeast extract(%) 0.2 0.3 0.2 0.3 0.2

#£6. RIRT M BT 2DMBRENEL S NPB 5

08 [ 9¢ B R 1% DRI MERTARO 5 2, AST4 BRIZ

05  mmEC L TEmRLz% 7 (0.2E.C..

0.04E.C.) TIEMENR A HNTZDITH 0

59, E.C. CITEEEEDR R oo Tz,
(¥ 3 No. 3,5)

F2 R ART R ATONWTER L2
BHRIIZBWT, RESDERD DEMT,
S 01 GF9 R END LI b b b3
HERETEPE D ZALIZ AL B 7e o T2,

F o T, THLIBERHFRIE No. 1 D4
Medium No. TiTo 72,
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.
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Q

3. FEERHE D R/ 5 NPB SISt THE# U T- GFI#RD AST4 (2 %3 % HFEIE M,

2.3 FEHIER Sy D'V & B EFETEEDOEAL
%I, NPBEIHITH W TWERY XF Ry, BERE=F 2 (medium A ) %2, FAIROE A DITE
L8 (medium B~G) ZFH L7 &E7)

Medium A B C D E F G
Polypeptone  |F)TF2 M)TRY KEHE KEHE )T MJTRY RREE RS ¥
Yeast extract |Difco {—Rk |#B8 A—Rk|Difco /—ANBE 41—+ |[E—ILER |/ ER Difco /1—Xk

£ 7. HRDOEZ: S NPB
IS THOEZ W T GFI % 07 - - 0.9

WL, WRLEEREYy o TLe o 06 08

L, 3HOMEDICHT s B l 073 —©.C

P % A L 7=, E‘% 05 - 06 5 02 EC.
TORER, ASTN45FRICXK LT, 5 04 - I o5

Fi A — 2 b & = ?%” 03 04 =m004EC.
(medium B) TiX, GFIKDOERE ¥ 0o - 03 %

RSB bpdb BT, GRofko 8 o2k TTOM

BB MMEVIC b b b, waE < 017 - 01

TEHEATE L7 (M 4) . LasL, 0 -0

KYRF Rt LTREHRORY A B C D E F G

7 b (medium C,D) . KO Medium

JERTHEDORY LT ko

(medium G) % FA 7= B #5544
T SN2 GF9 BE BB I B W TIE  ASTN4S KR OHFEIEMENE L<IK 45 Z L nbdro 72, ASN212
BRI L CHRERIC KGR RDR Y X7 kv (medium C, D) X OHAE KRG H K DAY X7 k> (medium

B 4. R/ DRI % NPB M THEE L7z GFI £ D ASTN45 (23 % HEFATE M7
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G) ZHWI R THIEIEEOIR T A 6T, — T, AST4 2% LTI REHKDRY X7 | Al
i (medium C, G) (2R W CHIFEIEMEN N L 7=,

4. BE
A2 TliE. GFO BE3AEPET D ASTN45 £k, AST4 £k, ASN212 FRIZ x4 2 H5EIK 1 DR E L2 Te ) T,
ENENOHEFEEER T2 A FET 5 GFI RO Foibr 8 R 2R L, UL FORREEET-,
- FERIRFIC I T D PR 2N I AU ASTNAS Bk & O AST4 BRI k9 2 $E5l R A FENTE ML S D
(x2) .
X, BRI OBEHNER L FNIE O BEFRBEOHENMNEEL TWLIbDEEX NS,

s BRI AR IZB W TR Y R h O BEZ LT, GFI BROFEEEIZRE 95 5 AST4 LY
ASTN45 BRIZxd D HAEMHIT A L vy, (4 3)
Z ORERIL. AST4 K O ASTN45 #RIC kI 2 BEFHIA 1 0 B - BRI TS T, &M 5 58
BEBOELDTHAITH S,

* GF9 RO & £ TN OIS IEIITHBMEIX R o o7 (K2, K3, X4) .

- AST4 #RI%, FrE ORI W TAR L7270 (0.2 E.C.. 0.04E.C.) IZBWTIIIEHEN A S
NEZH D6, EC.ORITHIEEENR R oWl Loz, (K3) .
FROKFRKE LT ODOREESERH Y | i*ﬁ*%@*ﬁ: J:o“C 3, BIEEME G AEESN D LW
D ATREME, i3 HIRRER T OREN ST E D &0 WIS IH SN D LW ) AREETH 5,

« ASTN45 FRIZ% 9 D BIEIEHEIR F I K TR DOR Y X7 ARSI B O CTEEMETT 5, (X
4)

ZD—J7T AST4 FROMFEEIL, KEHEDORY X7 hAFALMIZB T LARES LT,
ZOFERIE. GFI BRIZAREREIZE W CEBOBRENE(LIZH oY, 3MOMIHK - DAEFELZ ZNZEh
ERNZZAL STV D AMREMEZ R L TV 5,

Ht%., ERROFRESFE 2. GFI RO KEREE 21TV, ASTN45 £ K Y AST4 #RIZ %7 5 HFEK - D
Hift - A BT,

5.2% 3k
1) R. I. Amann W. Ludwig, and K.H.Schleifer Micribiol. Rev. 59(1), 143-146 (1995)

2)FF b REFE, E WA AR BG4 2 R A REY E O 4y BERE T3 K ONRE, R PR BE B AR
FERHS b5 2006 L E LR
3) Mohammad Nazrul Islam Bhuiyan,Growth promoting compound for bacterial strain ASTN45

producted by Sphingomonas sp. , ALH#FE R FIGH EMLFEES 2012 4 & L3R
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P-Q BIARAIFIZ I D AT IR & AR2F OO SRS I T A

(ERBeR) O H& Rk, EEEK, SilllFEK

S

1. #&
AL DBIARDLIFIL, AFEOR, B LWESRHIEICE b ShD, LFIIBIERAEDIT & 70 2 7 FA# 2 1
Ato, ARUBO A RRATIC BEb 5 W Ch D, MBAOASERETS GRIZPEE &. kil X
D IS AEE U M BOER A EE 2 5 7= . 46 < ORIREIC 35U T EUILALEE % 2 T o & 3513 B0 Ah it &
VO BRFS IS 2 FEIE STV D, THVE T A FOBRNEISHEE 2 B89 2 W78 T RIS E R R £
BT (DTA) &V o e F AT BT S 1o, BEANRRT 54Tk, WAV = 5 & BT RIEHAR
DS L DR & D JFUHEARR D> > BIER 7= T K VAT 5 T I SRR K 5 BIER O B s 72
2 TW5, 72, DTAIC LY B T ORI OMITEAE L T D Z AR aEhTwiz, Lavl, Z
B DFEITAIE AT 5 A B ORI & D L 5 7ol k@ & 3235 B B ANCT 2 & O ClE RN =5
KD IS ORI R /0T 72 5 TOR, 20T, UHFFE S L — 7 T, (KR AT
%% (Cryo-SEM) % W CAFEOWFEEEN Z ML~V THLMNZT D Z & E2RA TV D, T2 TAIZET
X, 7% N ¥ (Enkianthus campanulatus) & @ = ) % (Styrax japonica) O JAIER 2 FEIZ->WT
Cryo-SEM 2 Il T4 SR I B 2 AT L7z

i

2. EBIIE
2.1. RSB

AHFE R FACS EWE 7 1 — v REFE o Z — R RE A T — 2 3 LRI SEAR O BRI A+ 2 = =
/% (Styrax japonicum), Y7 % KU % (Enkianthus campanulatus) OFSAN G GHEAR 2L T2,
EREUT 2012 4F 12 H FH)25 2013 4F 1 A BANSHT TAT W, SRER L 72 B3 AN U RIS AN T 4CO MBI T —
Mo CRlfRRE ., EBIZ AW,

2.2. HREEGUEDORIE

HRERPUEIX EME IR EIC L0 Ko7z, AU HEBREICAZE 1 D288 K(B00 pl) & L2 A, -3Clm
HLTBWEZ Y —H =28 LT 1 BT P S W7, Z0%, ok Lot S8, —BrErE L7z, 2 H-5C
IZRRE L. £ D%1T 5C/day O THHAI L7, #EHE-5. -10, -20, -30COSRENE £ TWHEIL 7214,
EHIZ ACOMBRBIZ AL, EEEME T T8 TRl L7z, 5l &k EERStE TIC TR E 5T 4 Rl
£ Lk, RBENOKEZSEL T, RIS U2 B R 2 EER CHE L, MEk, 2WFT
10 Z3RIMNEA L CAIEABER S 72, 1R S 5 L OO HEBMERZNE L-, £/, RERHEOFE
LIRIRZE IR &L 2 okt At U 723k b RIER D HIE CEME EZIE L. TR NEFE 100% & AEAFR 0% D
fElE L LTz,

¥, AFRITRAUT L > TRD T,

LR (%) =11-(Z-X)/(Y-X)} X 100
X=R G R O B IR H &/ R BRI EV% O B E s &
Y= AR EE 1T & 2 WG g e O AR R HY B W IR EE 21T K 2 TRRE AR R 0 N A% o BB AR U
Z=URAE SR O TR AR I 2 OGO N E% 0 FE AR HH

B
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2.3. EEBEMEEIC X AHEEBOBIE

SEIRBLERFT, B L0 BRIL 7243 % A COMBBIC AN —BRlifs, #D)CEIlT L, SERBEMEE N T
REWMT I & MEWT i 2 882 U7, BORSRURHBLERAI T, b KV BRI L 72422 -3C D7 U —F —(2Wn i 1 R ERE
L7, -BCICRRE L C—Bui@E L7z, D% 5C/day D% HEEE C-30°C % THliks L7z, -30°C % THikE L7-
i, 7V —HF—n5H0 H Liztk, BEHICRERERITR T CTREEREEE L7z, 2 10°COMmREICRD
AR IEZ BT CHIM L, BT 2 FERBAMEE TRIZE LTz,

2.4. BREEAETHEMSE (Cryo-SEM) (T X 3WHMEEHOBE
2.4.1. BOREABOMER

A L0 BRI L7243 2 4 COmBRIC AN —BiffiE %, “=IRIZ T Cryo-SEM B Okl AL & —IZ A
M, KT~ hLiz, AAFE—%-3CHO7 Y —H—28 L 1 FERTREE P S 7%, DK LT S8, —
WeskiE L7z, BH-5CICRE L, TO#%IT 5Clday OHE CHRERE E CHF LTz, 7Y —VF—25HH0H
L3 RHAE B ICIAE 7 1 > (16ATCNCIRTIT L, RO E L7z, (ERR L 723N BRI A 35 & kg
ERPTHRE LT,

2.4.2. BHEAIRBOER (V7Y Ry ¥ 43H)

YT Ry XA A R, 4. 1)OEFE T L, -20°C £ T 5C/day OB CTHifs L3tk 7 U —4
=B L, BEHITRRESRE AW TEHEEEE Lz, ZOREBEH0-20C0 7 ) —F—IZR L T—
BEERE L. REFKOFEERILEZMR LT, Tk, JEtZ2 7 ) —F =210l HL, BEHICEE7 72 Hn
TRMEGHREE Uiz, VERR L 723 URHIERITME N 95 & TR =R THRE LT,

2.4.3. Cryo-SEM |Z L 58152

RIRZEFR P CHRAE LW 72iBHE, -100°CIZE%E L7z Cryo-SEM OBFELEEEN ORI AT — 2B L,
HEHAE AT — U BT 10 IR S B0, BEEAEENO a2 —/L KA 7 2 W CREEZ Ellkr L7z, F
Witz 70 M= v F o7 LTctk, A4 - ST VDA XV AEE LT, 23513 120 B2 2 BT o7, &%
%, W Z-140COBEM AT =B L, IEHEE 5.0ky TOREFREBIZ LT,
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-10°C & TOHGR CTHEMFRITA 35% % TR T L7,
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B 4 I[CEMERIEIC LV HE Liem 2 F43F
OHFERPIEE R LTz, BPCETHE LI Z A, &£
FHRITH 90% T - 7223, -10C £ TOBFE AWMz
KTFL, ®50%&7eo7-, -30CE THAET D & AEFF
RIIK 20% TH o7,

-30°C £ CHEIRM AN L 7= A ZF O BT 2 SEIRBAMEE
TBIR LR A2 5 IR Lz, =2 ) 2O T
REFFZZWHEEETH Y | AFENEICITRE B A
BaFFO 3~4 DR EADTEIREENRD B iz (K 5a) .
BEFIRI IR A & I ICHEOENRAEZ TWNDHTZD,
FER & L CAFERNREBEOENED L ORI
ST D, -30°CE THfE L7-A&ZETIE, BERIEHIC
KOBEM GRS D Z LT T&E Aeh - 72(X 5b),

Cryo-SEM % HWCHifg O mifk e 2 Bg2 Lz &

Z A, B CE THREHEHE L =LA FENOMMRICIZ EZ I
LIKDOERPRD SN2 o7 (F— 2 Kl .

-20°C & THAET 5 & HEFUL DO NERIZ MRS K Ab 23T
L TR0 6), KD EFHOMALILE L < FFIC
WHE LI MBE STz, 2, 2o & SR
fELIAIIERED Do Tz, LEER-T, =)
F A OLEFTIMIDIE, RS IIx Lim A TiEZR <
HIR MBS |2 K 2 S EICHRE A FF o b D & B2 Bl
oo MR HARRAMBURE 2 7R 9RO L i O VEURE R
PEEZRTZ EDRMBLNTND A, =3 FLIETIL,
-10°C E TOHE CTEFEDK 50% E T T L, 2372

DARWEGEIRPUE 2 R Lc, 20X 9 i, B&E
L7eHEREEIZ X D NBHIRBERIZE 25D, HD
WIEARDAIFEOMEIZ L D b ONERATH D, €
DIz T T ) FAFOHHEBEICHEEICRE L X, 5%
S DICFEe e E L EZ HD,
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P-10 1 7~ Y REHRDOT A RV & 37 B O ERETF I HONT
ek ONEEE. SAKE, $iAfE, FHRIET. So)ll32K

(#5551

FIHIC AT T AR, AT LWVMEIRBS KOS 6 SN b 72D, BIAROMILIC & > TEIER 7225
NRPN RS 2 B SHERE 2 2 T D, TBIHHIRIZAER LT\ D0 7~ OARE M, AIEN DK %2 LE22 ER)
(IR AIRBRIZ PR D ERIR A A & FREAL D B8R IZ K o OKE FIREEIZHEIS LT\ 5, 2 OEmARRIL, b4
W TR ZRRIESI L OBREIC W T EAT 5720, KIEHHL THE SN 5 mitEiEe & X7 8| BB
F DRSOV, 205 OB HIGEIZ BT D EENZ SV TiENT L T & 7= (Kasuga et al. 2007, Takata et al.
2007, Arakawa et al. 2006, Takahashi et al, 2005), 7 7 <Y KH CiX, KEHHL CHEIN L ER RO
{2, Late Embryogenesis Abundant (LEA) # >/ XJ'EDO—ETHHT/~ KU (DHN) 22— K457
M DOBIE T (LKDHN1~7) BEENTNWDZ ERbhro7 (FEH 2005), —i%H9IZ DHN X, {KiR-CHz
REDA NV AMEIZE D> TS Z ERMBNTWDTD, BT~ Y RETHIIEIZ 31T 2 TR m HIGE A
LTI EMELXADLDND, I T, BAHEICET MO —B8RE LT, 74 KU VBET

(LkDHNI~7) %R LTof 2 2 o R ERBA DT 7 A3 Ry 2 — (@ 2005) ZF)H LT LkDHNs
DOz 2 37 E (fLKDHN1~7) Z K CHELSE, £ 0 ORFREES 2 W THEREEEO N E %
179 2 12 LT, AR TIE, BHREESZEORNT A Y 7 4+ — ARGFET D IWIKkFEREFE (LDH) Z M,
BRGIZE > TRIET 2D LDH 74 Y 7+ —AIZ% LT, 7® rLkDHN #4452 & CLDH 7 A V 7 4 —
DO RIE 2 B R REREENE) Zi~7-, 7236, LDH 74 Y 7+ — LI D W EFIREH DR
EORE, rLkDHN OfH 0 I2 v v iiE7 L7 2 v (BSA) 0V Y F—2% v, rLkDHN A 300 L 72 REOTE
PEE ST 2 2 LT LTz, ARl 7 F¥HO rLkDHNs @ 5 S B IR C & 72 rYLkDHNG6 O #UE (R &S
PORERBFIZONTRTZ &I L,

[ F2B 5 1%]

- rTLkDHNs O K EFHL L U L

His # 7t S8 2 % R B OB 7 Z A X K27 % — (pET100/D-TOPO, Invitrogen) | LkDHN6
Zf AN L TR L7z rLKDHN6 B EUH 77 2 I B (mH 2005) 2808 L7k, iz & "7 BRIT DK
J%H# [BL21 Star™ (DE) One Shot Cell, Invitrogen] (Z3EA L, RfFTDO 7 7 k2 /UiZfE - T rLkDHN6 % K
BB SET,

rLKDHNG % F$ 8L U 72 KIGE 2> & rl¥stEm 4y & Bl U 7=t His# 77 7 4+ =7 « 717 . (His Trap HP, GE
Healthcare) M\, WD 7w k22 f¢ > CTrLKDHN6Z FEEL L 7=,

- EREEMEORIE
HHEIZ LD FE L <TEEDMET 5 2 E03E 6 TWALDHZ W CHlUELRETEYE 2 IE L 72, LDH (Roche,
from rabbit skeletal muscle) %25 pg/ml (ZAR L728HE £ 0.2, 2, 20, 200 pg/mIZFHH U 7= & FEEHA IR
[rLkDHN6, BSA (Boseral DEM®; Organon Teknika) 7213V ¥ F—2 (Wako, from Egg White) D\
T 1HEE] #FETOREG L. ZORGEKAZ-20CD 7 ) —F—NT24 F#FHE L i s, 20%
156 =R TR L=, £ LT, L EFHIATS > Ty b LI AR oy oIS, SRS DR A
R/ 520 plz 0B L, 2 22 P 925 CICHRIE L7721 mlo JE A [80 mM Tris-HCI (pH 7.5), 100 mM KCl,
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2 mM pyrubic acid, 0.3 mM NADH] ZEHITHEIIL, EHITWIEE (Asw) O T ZHE L, LDHIEEIC
L ZNADHHE OATHE 2R DT-, £ LT, LDHE SFEEEIOIREGIRIT, BRGAT & b THismigiz 2 &
NIZTLDHIEED 7 > T D O 2R T 5 2 & THERERIEZ ROz, 2k, 2 2 TEFE Cikhz v
TIEVERIE 2 3[BTV, 2 OYIIE 2 S RETE M & LT,

[RE R & B

Z#VE TIZ Lin and Thomashow (1992) <°> Koda & (2001) O F{EIZHE U7 UERETEMEOMIE T,
Sigma fE#OWHHES MO LDH 7 A Y 7 4+ —2A (from rabbit skeletal muscle, type V-S) A L CEA L
TEEN, DV BERIEE D APARAREE 2oz, 2O, BHERGZME LDH 74 Y 7 4 — LB T
DIENITH Z D MMOTIRICHEFERSZMED LDH 74 Y 7 4 — AN EEN TV ARIEEZEST Z MDD
T2, AT 69, o> LDH &in 2 iEMEREIC W5 2 &iC Lz, TOfiR, Roche 4o LDH
7 A Y 7% —2 (from rabbit muscle, %1 7 ~H) TiE—20°C T 24 KRFJFHE L CHSEAAELEE A 35 &
BAERTO B DIZ T LDH MDY 50~60%H 72 biiz/=, Z OREIIIHHEZ D LDH 7 A Y 7 4 —
LIEPEDS BO%IRE FINLTND Z LW RIB ST, 2D, UBOERTIIZORMMAHEHT S LicL,
BUEREIEE 2 RO D BRICIE, Z oI E b4 LDH GO 9 B RIET 5 50%580> LDH {2
LkDHNG6 72 & OB ORI L > TENIZT HFERIEDP DHRES N D DPICONTHND Z LT LTz,

Fo, BWEREEELZ RO DB, BN 53EHE LT rLkDHN6 @135y, BSA XU V' F— 2% AV TG
EHET 52 LI L,

140 1. £FEFEHCF 5 LDH 1okt
120 5 HEREIL O .

= 100 h %3k (tLkDHN6, U V' F— L,
sl BSA) % £ E AW D 0.1~100
ﬁ%} 80 % T OrLKkDHN6  o/m] & 722 % 51 LDH BE3R7AHK
ﬁ[ 60 BYYTF—h (wqmp 195 ng/ml) ICHRMN L CIR
B 40 T = BSA AV LT, — ORI
20 T T T+ BT & -20°C T 24 REREHE L
‘ THAERME S W72 1% O LDH &1k %

0 0.1 1 10 100 Pl L, B IEE AR T,

FBHE IR EE (ug/ml)

ZOfER, rLkDHN6 & BSA THlFMR#EISEN RSNz (K 1), ZivE THE SHEFREROFE TS,
BSA TR EMRETEEZFFOZ LRENTNDE—H T, VY F—AFEEEIT E A SR N2 LR EN
TW5, fERk%E#45 L, rLkDHNG I BSA & [FFLE OBEREIEEZ D, BSA T, HBAOKIR
THRMTENEZ RTINS o7, LrL, — ORI CRIEHRIIEDE NI E ZARH 72D T,
SBEBITT—Z o THRIET D VERDH 5D,

INETIATONTE 2T A R AT LIMEOOLEDE LT . Vv auIhrOT A R 2
/X7 4 (CuCOR19) OFEHRERHAKIZBE 2 — O N M BTV D, Z D CuCOR19 [ ERHEILEE FF D,
EBIZ, 2O CuCORIGEAG T ZMFIFBLT 2 WEEM X N2 O Z/EH L, —4°CT 3 R #E S 7-1%1C
25°CC 8 WpflFiE L CHFERR S Bz & 2 A, Z OEIHR O © O BME IR H &N B AR O & DI
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T~ 72 2 &R E e (Hara et al. 2003), EAFERMHOBDIL, T70bb, BEHKREORA R LR
R 2 AREOEENREM SN Z & 2 BT 579, CuCOR19 OFEMRIIFHFEBLAA b L AIZL D4
(RO R A 2 IS 2L 2 BT 2R 5 D Z L AVRB E Tz, D729, CuCOR19 & Ak KRR E
PEZ A KU CToh % rLkDHNG (2 b 5 HE A EM T 2@ E A 5 2 L3 ifF s 5 7-® . LkDHNs O
BERFAMIZAKGE L TR 2o Tn& 20y, A%, Mo rLkDHNs (2 2oW T HER T & ke, MR ER S
EHRRDTETH D,
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