RIFFRBEEE ST XM 2 XK RA B FiHLZRMm

MR 2, RoRME, ML, F4E4E, BT, TER, W7, FORE " (BRIt s b 5 24 Y B 5t
T, 07 3 Hh 24 ) B 5 Y VR T 520 %, LT 100193)

WE:BH FrRKRBEE B AR ST(Tulasnella sp. ) ¥R R o 3Tk B G fAY TR A6 Hra, Ak B RREBILEHE ST AL
LA A R SN, SR CHBRMER &R L SR KBRS0 K4, AR AT AT A & 28Uk A8 €38 % (PMP-HPLC) il € %
ARG LR, EAKITRE A 1/2 MS 3570 P R R ) 22 5 4B R EL R R M, R B 5 4B B LKA DB 42 % B4 e A4
AR AR R ST R RSB R BT RALGT h, R RFKIZRAFTRA(WACKL) X % (88.65 +
4.71)% FTRHLE3BORHE) . 5 WACK] ARk, Fon il 2 S ¥R LK 5T X R A REH 0 (P>0.05) 42T 4
HAZE AL Ret) R R BER SR BDRLE AR LR (P<0.05), HLSEDH M LB FHDBBR AN H
FAE B AR KA e T BB AE LR, JE AR M A 15,051 1..00: 0. 70: 0. 35:0.30: 0. 29: 0. 13:0. 13, & B¥ik % 45\ a4 ELE K
A e R B RERLBR LR, E R 1.22:1.00:0.71:0.47,, £ 5be R A2 ¥4 A 09 84520 5, 1/2 MS 355 st 1848 (MSCK) 3 &
Fde 5 B L FE(2 K eh) 581 % (98.10 £0.46) % #2(50.97 4.33) % , 15 MSCK A8k, 74 0.20 ~20 mg « L' 5 34 3o & 5
EHREHA(P>0.05) 425 BALEHREIREH(P<0.05), % MSCK #5 1.36 ~1.47 45, &5i ST B2k S B A LKW
AR B G BRI LR TR R, B 3L ST 1 2 S 4K ity ¥ AL A T 3 K G ik —F LA B 69 B RS,

KR KR LA I B AL S8 8 58 AT H A
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Effects of Carbohydrate Components of Fungus S7 on Seed Germination of Dendrobium officinale

CHEN Tongyao, CHEN Xiaomei, YANG Jianwen, LI Yuanyuan, QIU Xiandan, WANG Airong, ZENG Xu ",

GUO Shunxing * (Institute of Medicinal Plant Development , Peking Union Medical College Chinese Academy of Medical Sciences, Key
Laboratory of Bioactive Substances and Resource Utilization of Chinese Herbal Medicine , Ministry of Education, Beijing 100193, China)

ABSTRACT: OBJECTIVE To investigate the effects of carbohydrate components of fungus S7 ( Tulasnella sp. ) on seed germina-
tion of Dendrobium officinale. METHODS The polysaccharides of S7 mycelia ( MP) and of S7 fermentation broth (FP) were pre-
pared by water extraction and alcohol precipitation. MP and FP were hydrolyzed by trifluoroacetic acid to obtain hydrolysates, MPH and
FPH. The monosaccharide composition of MP and FP were determined by PMP-HPLC. MP, FP, MPH, FPH, and the unique and
mixed monosaccharide of MP were added to water agar (WA) and 1/2 MS media respectively to study the effects of carbohydrate on the
seed germination of Dendrobium officinale. RESULTS  The germination rate of WA medium group ( WACK1) was (88.65 +
4.71)% , and seeds germinated to stage 3 ( protocorm). Compared with WACKI, adding MP and MPH had no significant effect on
germination rate (P >0.05), and seeds could germinate to stage 4 (‘having one leaf) , while adding FPH could significantly reduce
germination rate (P <0.05). MP was composed of glucose, galactose, glucuronic acid, xylose, mannose, fucose, ribose and arabi-
nose in a molar ratio of 15. 05: 1. 00: 0. 70: 0. 35: 0. 30: 0. 29: 0. 13: 0. 13. FP was composed of arabinose, galactose, xylose and glucu-
ronic acid in a molar ration of 1.22:1.00: 0. 71: 0. 47. Fucose was the unique monosaccharide component of MP. The germination rate
and stage 5 (having two leaves) germination rate of 1/2 MS medium group( MSCK) was (98.10 £0.46)% and (50.97 +4.33)% ,
respectively. Compared with MSCK , adding 0. 20 =20 mg - L' fucose had no significant effect on germination rate (P >0.05) , while
significantly increased stage 5 germination rate (P <0.05) , which was 1. 36 — 1. 47 times that of MSCK. CONCLUSION MP and
MPH promote the development of protocorm of D. officinale. Fucose is an active component in MPH that could promote the further dif-
ferentiation and development of seeds after germination.

KEY WORDS: Dendrobium officinale; Tulasnella sp. ; mycelia polysaccharide; fucose; seed germination
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2RHE P TR B AR AT & DL S A
KT 2 A, B Rl 5 R 1 LT S 3
AR RER B LR R B R SR AL E IR o, 3 )
P sE R IR S L R Y A T IR
R FLRBEAR N B AR o N R ( Tulasnella )
JEERHEY FE B R R Y B
R, I I T i Wi i T RE T e 7 A A R e o 2
B R T8 % Al i 2R 1 s R oh s v, A o
RS H B B ST ( Tulasnella sp. ) W 22 144X
=P e e A R T B R R R ZE R

WA Z R R Y T T8 R RRIERZ . i
Wz W 2 A o 540 B 7 B 107 A A AR K
g™ LI A M S 22 W S AR B I R UK
TR T IR 2 3 R 2 RS AR, S A AR AR 2R
KT FAE LA N A B ( Bionectria pityrodes ) %
WA RE 2 52 0 24 AL vy SR 1 %, R AR
PELH KO AR B T — R4 TR
SRS RE )R 07 4G < SR A SRR R
AR R SRR TR A A 5 v
B R N SE DR N R U e S
BRI A A RN R RE I
WRFEAEARD 77 S I A BIDIR S, B S R
U SR SRR P AE I R (IR N 4B B R
RREST' A KW R EREEAR I Py % 22 R 4
T KA AW IE 1 AR WLARGE .

4k 2 5 181 ( Dendrobium officianle ) J&= WP 258k e A
kA ME—JE SRR 1 o AL R IIARGE T B ST
S AR WA 2 8k B A b 71 S k=
BRI o fEBLIERE b ARSI — 5 T
ST T 22 AR TN & e TR 22 W R Bk Bz A SRR - 1 & ) A
FHL VAR B ST A2 A A HT 836 PR o

1 #RFF7E=E
L1 A

BRBZ A R B LA e . SRR I
SRR RN T4 CORAF. TEkE ST 708 H &80
fith( Dendrobium nobile) "™ |y v [ € 22 Bl 2% 52 25 FH
TR SE I A= DA O PR
L2 S &

LT AN BT BRG X 0 7 EiBThn T AR Ae B4
Bty A BR T, 43 )02 : D-# 8% (Rib,98% ) , D-H &%
¥ (Man,99% ) , D-2EF 45 (Gal,99% ) , D-2 F Bk
BR— /KW (GalA ,97% ) , D-# %4 ( Gle ,98% ) , D-
HIAFHIERR (GleA ,98% ) , D-A M (Xyl,98% ) , D-fif
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PLAFHME (Ara,98% ) , D-23 Hk 45 4 B £h TR £E ( GleN,
99% ) , L-fl 24— K 5 ¥ (Rha,99% ) , L-& 30
(Fuc,98% ) .,

1.3 %l &

PR ST BRI R Fl , 28 PDA ARG 1L, ek =
FARWAIG AL 24 ~ 26 CHRGMEHEFR 21 d, 557
L5 ,JH 80 ~ 100 H JE Je W i ik , 73 85 B 22 (R 70
WA o TR 22 IR 78K ok W VR TR . BTG SR
BERAF ARG 80 ¢ THWHZIKMO9 L &
137 S

PR 22 55 LA 20 A BT E g B 3 3¢, Bk 5 LA 20
i 25 B ARER I 3 W 5 IR /K SRR, D e vk 45 22 TG
B, A TC/K S R R FE 80% ,4 C i 1 1% 5
B K A, Sevage YEEEE 1, 7 I VR0 k46
JE A R S TR 2 2 (MP) 1 & e
WA 2 TR HE TR T i B R R TR
TR R Z0E (FP) o DLT R 0 22 K F R B AR
BUTEL, MP Hl FP 753550510 6. 2% 1 0. 45% o 1%
il £ FP 1) J7 ¥ il £ 22 BRI B: 77 Bk 2 0% (WP) .
ARG SR AR, WP 13320, 14%

L4 SHEe&ENE

53 AIFRECMP, FP F1 WP 38 S, il 7K ¥ i, c
20 mg + mL~" [ RE LT, T AT A RE 3 Oy, B
1.0 mLEWHEWL, in 4.0 mL Jo/K S EERS), 4 °C i
H4h,3000r - min"' 0015 min; 75 B, UL
TENK I REZS T 25 mL, NFE AW . DL D-757%
WE AR R, 2R - R 125 M & MP U FP 1 WP [ £
B,

L5 %Kk ug 08 A oA

S3 AIFRECMP, FP F1 WP 38 5, i K ¥ i, Bic
Ji% 20 mg - mL~" PRE ST, AT ERE 3 4, MP Al
WP 733 ¥ B 10 A5 F0 4 R 0 47 0 A 4 0 2
B0 mL ZHHAW, ind. 0 mLIC/K ZBEIRA],4 C
#E 4 h,3000r - min "B 15 ming 7 E FIEWR,
TUTE K 5 i 2 25 2825 mL, WAL . LA D-7
ZEPHE R 0T BR O, 2R - R VA U E MPFP L WP
EZ2 R
L5.1 X B ANR G0 B i s 40
HFREL Man | GleN | Rib . Rha | GlcA | GalA | Gle | Gal ,
Xyl Ara I Fuc X i 200 mg, 45 % R, K %
fift, EAZ 10 mL, 8 11 B — X BR G BE i,
11 AN B BV 1 S A JR 50k B2 R 5 )
JET V5 TR, A VR T 45 K R vk B AR AR Ry 0. 10
0.50.1.00.1.50 1 1. 82 mg - mL™" I Tt KR,

e 22 A5 2024 4E 4 58 59 AR T




K% B R e M5 %2, Man Rib GleA [Gle Gal |
Xyl Ara il Fuc [ 50— X BE & B8 C 1) 45 X By 2%
WeSE A 1,00 mg - mL™" BYR A% BRI, BT
P DR 25 2 HERf 1

L5.2  ZHWOKME 0%l FRICMP FP #l WP i &
JINZKS g TG A 20 mg « mL ™ ARE VR, SPAT %
FES o FAIAZERFL 3 mol + L' =R (TFA)
TEW, FEARVT(N,) 345,110 COKfR 4 h KN
R T bR 2 TRA, 115 3 FhZ2HK s : MPH |
FPH 1 WPH'™'

1.5.3  jpEpfiiAql AEETA AR s RORORE (535 1
(PMP-HPLC) 347 22 W 1) 505 20 1L, - D0 7 5 B AR
LTI R AT : 1R A 3- F Sl
s b ( 1-phenyl-3-menthyl-5-pyrazolone , PMP)

11 B —3of R B VRN 2R 90 R B VR 5 %o R
AT A E 50 WL, in 50 L 0. 6 mol - L' NaOH ¥
VA1 100 WL 0.5 mol - L™" PMP H VA R, 4 1€ 1R
53,70 “C NN 80 ming AW IEIAE G 100 wL
0.3 mol - L™" HCLIFW A, FIN/K & 2. 0 mL, DA%
AT A3 U, B IFKAH, 452 2 mL, Sk i
Al AR . 50 WL K % FiE ik J7 s 4 45 2
W ZHEKERY) MPH FPH Al WPH , 4 i 5 24K
UCHATATAAL I AR BURIE 25, S il I 2 AR
Xof Bt AR i U VR B 5 T U, 482 0. 22 m I
[k, 17T HPLC 73
L5.4 g5 6% & S RO G
Waters 2996 photodiode Array Detector, Waters 2707
Autosampler, Waters 600 Controller, &, % #1:; Luna
C(2) (100 A 4.6 mm x250 mm,5 wm, Phenome-
nex) o BN :A HIH 0.1 mol - L' @R £h 2% o il
(pH 6.7) ;B A CNE . W sh AHUEBikh B I3 1,
FEIR 30 C, i 1.0 mL - min ™', #EFEREE 10 pl,
Rz K 260 nm,

Tl OB RN R B B AR R R I A 1
Tab.1 Mobile phase and gradient elution for monosaccharide

composition analysis

tg/min Mobile phase A/% Mobile phase B/%
0. 00 83.0 17.0

30. 00 84.0 16.0

30. 01 87.0 13.0
38.00 87.0 13.0

40. 00 84.0 16.0
85.00 84.0 16.0

85.01 83.0 17.0

90. 00 83.0 17.0

FPIE 22 ek 2024 4F 4 HE 59 BEE T

L5.5 JriksaBgs ARl B TR A R BE A
VW A3 0 E RE, A b M S BBE R N
1.00 mg « L™" 364 X HE SR 00 22 V5 T, 3 S0 52 6
YR, AR T H it e TR AR SRR AR v A 22 (RSD) , 2%
SEANAR IR % B . BB R 1,00 mg - L™ AYTR
R HE VAR, A XTI R R P T 48 T AT
il 28 6 43R XoF B St 00 52 A YR 2R A T 000 S, AR 4R T TR
W TR RT3 RSD, B 82 7 IR ARG %5 B o Sk B
J91.00 mg + L™ TR A 0 A S 00 R VO, 5 IR IK
B, 8T 0.4.8.16 .24 48 h JEAE, AR5 X B A 04
T RT3 RSD, 520 S R 1

FEAE i DU 2 5 U ) T O R AT R A S
MP 0 7 75 0, DU 45 % B R i o i i g AL
LR EE M, MP A 8 A4l 4. W
50 pL MP 7KW P MA 50 pL £ 8 A~ Hufl X g
s DTS 5 0T Ll Y8 VL, e R ol T 8 5 YR 1 1) 8
2, AT A S Oy B a0 E T R, T E A5 X BR
15 &, TEEIRE B 32 (% ) i RSD, 25 84 i
SRR R
1.6 Rt HZAEKMY GRAENE R EEN
o H &

ZE MP FP F1 WP 43 /K f# ,0. 22 pum i
FLUEMET U8 BR B J5 I A K Bl (WA) B SR 5L A4
T 7 326 45 SR, 3l 22 W 199 S5 3 AN m ¥k 32 40 0l o
80mg - L' 2.0g-L'AI0.62 gL', ZHIKS
) MPH FPH 1l WPH 4% iR 7 VL4031, A WA 3%
Itk BEFRAEh Z WK YIRS A 28— E
X HEZH i WACKI

HEAE MP Bl 2H B o3 A 235 R, T TR & FRop
(Mix) A 3E0E (Fue) 3 ,0. 22 wm 3 U8 BR 1# 5 2
FIIA WA BEFRFEH 172 MS B35, N T Mix
il Fue 3EFREEIA 3 ANWREE, 43 I AH Y T o5 5
i MP & ¥k Bl 32 mg - L' (LMix 1 LFuc) .
320 mg - L™' (MMix f1 MFuc) #13.2 g - L™' ( HMix
il HFuce ) o WS INZH 43 RO BE 0L 3% 2, X HR4H R
MSCK F11 WACK2,,

L7 HFHKER

B R SR AT 9 em USSR g FT, A
PR S HIOR ‘DR 0 B T 8 VR 0 7 5% o
AR b, R AL 100 ~ 150 ki, B4 6 ML, ¥55%
A GBI 12 h/12 h (JB/IF ), Ot R R BE
1500 ~2 000 Ix, % F2 5 BF 24 ~ 26 °C . WLEL )& 3
90 d, M5 10 KIFLG, 55 10 d WEE 1 IR, IE RS
RYNFFEaE TR R
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FhF-0 4 90 3 B o bt .0 %, R LA IR
B, b AR W A5 1 2, AR IR K I K, oK 98 il b
B2 G, RIS mem K 53 9, IR A Tt 43 A= 40
SURIRBRZE 4 9, ML — k5 9, s —
A

W AR FT A T WA T ~2

SRR %) =2 9 ) 2 L B R P4k
B/ x 100% 2 (1)

3R RF (%) =3 Rj ko) Fh 1B/ 7% Fh
7 x100% ~a(2)

4 RS G KRR ITIE R 3 G kR

W2 IR AW R
Tab. 2

Monosaccharide composition and concentrations in

D. officinale seed germination medium

Monosaccharide p/mg L~
composition LMix LFuc MMix MFuc HMix HFuc
Mannose ( Man) 0.23 0 2.3 0 23 0
Ribose (Rib) 0.08 0 0.8 0 8 0
Glucuronic acid(GlcA) 0.57 0 5.7 0 57 0
Glucose (Glu) 11.41 0 114.1 0 1141 0
Galactose (Gal ) 0.76 0 7.6 0 76 0
Xylose(Xyl) 0.2 0 2.2 0 2 0
Arabinose ( Ara) 0.08 0 0.8 0 8 0
Fucose (Fuc) 0.20 0.20 20 2.0 20 20

L8 %tk

JH SPSS 19. 0 BRAF R EAE AT 73 b o W2 1] B
BORM ¢ K55, P <0.05 WAFfE R B2 R, S
SERLL KM + bRifEs " B R IR

2 % B
2.1 SHEREBEKEY T FHALLTENZ W
WACKI1 Z{Fp+70 d #5303 G &k, ¥ sk
25,90 d BFH K FER 3 GH R 4 i 2 (88,65 +
4.71) % F1(0.24 £0.41) % , JFERZEREARSL /01 Kk
BRI R R4 i AT iE. WEEHA P WACKI
HBA B4 B EFF, ERZEHRET R
A
3 A ZHEALRFRF X REIE H A & ,90 d B HE A&
REXIRAM L LB E2Z 7 (P >0.05), MP 4]
Fh 71 2 J5 1 % 75 o B E R B ZH bR, 50 d HEBE 3 4%
B, L BRAL 2R T 20 d;80 d B 4 ZLuf
90 diif 3 4l 4 YL A B4y 2 (5. 99 £4.65) % Hil
(7.26 +4.68)%, S5XMAMEL A B EHE R
(P<0.05), FP 1 WP 4 F 77 60 d H P 3 2
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B % ,90 d B 3 2 & 243 & (0. 52 +0.45) % Fl
(2.56 +1.52) % ; MBI N I ZH 24 B0 H B 4 9
RIFPF

3NZHIKRYI At R MPH 4 Fh BB IEH
WY 4,90 d I 4 %8 (88. 08 +0.25) % , 5% BEZH A
R #E2ER(P>0.05), mAMFHAENAE
AL EEXT REZLP, 73 51 7E 40 d 7180 d B 3 3 2%
4 9085 %,90 d B 3 Z0R1 4 i KR 5l &
(5.94 +2.29)% F1(5.10 £0.73) % ., FPH il WPH
AR B R R A R EM T XA (P <0.05),
90 d Il & KAy K (2.73 £3.10% ) F1(5.29 +
1.66) % ; ML) N P2 2 A B 3 9 &
¥

F L] WL, MP A1 MPH {2 U T 85 & J5 AP 7 1) 4
WERE ,RERZET K E 2 4 9 FPH Il WPH i) i Fh
TR,
2.2 PMP-HPLC ¥ o i 0y 07 % £ &

25 D B CLA) YR58 BE Sl V5 V8 A0 B 0 25 R
U, I 5 2% SCik— sk (B 1B) P DL
TR AR, X BRI VRO B B AR b, T3 ek [l
75 AR MEVE R, B0 05 7 R A A5G BB (F) ¥
0.999 Dl | (£ 3) , &MEXR R

R HLERKEERS T LA R &SRR & X
R B A0 58
Tab.3 Calibration data of 11 monosaccharides of the S7 myce-

lia and fermentation broth polysaccharides

Regression Linear range
Monosaccharide r
equation /g« mL -1

Y=1458.2X-23 647  100.30 -1 823.64 0.999 2
Glucosamine Y=1001.1X-7391.3 100.45 -1 826.36 0.999 6
Ribose Y =1543.6X 100.25 -1 822.73 0.999 1
Y =1206.8X -32 101 99.50 -1 809.09 0.999 1
Y=1114.6X -86 524 99.70 -1 812.73  0.999 9
Y=1009.7X -34 383 99.65 -1811.82  0.999 5

Mannose

Rhamnose
Glucuronic acid

Galacturonic acid

Glucose Y =1207.6X -98 685 100.55 -1 828.18 0.999 9
Galactose Y=1219.8X -84 753 100.25 -1 822.73 0.999 6
Xylose Y=1377.3X-76 913 100.35 -1 824.55 0.999 9
Arabinose Y =1457.2X -67 095 99.45 -1 808.18 0.999 9
Fucose Y =1130.5X -76 290 100.00 —1 818.18 0.999 2

SR o R 0 o %o B S €5 3% 048 17 ALY RSD
$90.13% ~0. 87 % ; J5 4 2% FE 15 rhoxd B b 6335
TR RSD K7 0.41% ~0.97% ; & Pk g o xt
T e kg T AL RSD 24 0. 11% ~0.97%

B M5 H Man \Rib \GlcA (Gl ,Gal Xyl Ara
M Fue % 8 /X B8 & €5 3% 0% 16 B A9 RSD A

277k 2024 4E 4 55 59 5 T




i

0 1304 2608 3913 5217 6521 7825 9129
1/ min

0 13.04 2608 39.13 52,17 6521 7825 9129
/ min

A

L | &
J_Nﬂjv@ﬂ@ﬁ.,LJ&Q,Jme

0 1304 2608 3913 5217 6521 7825 9129
1/ min

D

10

J LJ WWL_..

0 1304 2608 3913 5217 6521 7825 9129
¢/ min

7 E

9

L Uisese | _f\[ ljﬂt_*b

0 1304 2608 3913 5217 6521 7825 9129
1/ min

A - ZEEXTEGB — A X IR C - WL ZHDKIRY) D - RIS Z HOK Y 5
E - BRI SR AR s 0 |~ R0 s 0 2 — SRR AME e 3 — 0N 0
4 — BUAE  S — AR IR ; W 6 — P FURHIERR 1 7 — AW ; 16 8 — 23
W5 U6 O — ACHH 5 04 10 — BATRLAFDI ;1 11 — 53 .

A - blank solution; B - standards; C - MPH; D - FPH; E — WPH; Peak 1 — man-
nose; Peak 2 — glucosamine; Peak 3 - ribose; Peak 4 — thamnose; Peak 5 — glucu-
ronic acid; Peak 6 — galacturonic acid; Peak 7 — glucose; Peak 8 — galactose; Peak
9 —xylose; Peak 10 — arabinose; Peak 11 —fucose.

B 1 xR fn % K8 4T £ ey HPLC €35

Fig.1 HPLC chromatograms of the derivatives of the standards

and the hydrolysis product of polysaccharides

R4 WLERKRBRTSZEHEELARMN. n=3,x%s

1.07% ~ 4. 50% ; E4f 32 12X 55 Hhoxk B i i A [l i
%.90. 88%~109. 08% , 45X} A it i) RSD 47 0. 79% ~
2.73% o VI 255K 3RV, A58 1 5 ) PMP-HPLC
ARG 0 PR XoF R ) s R T
2.3 SHEAEINE RSN ENEH R

MP FP 1 WP [y Z 8 & & 53 0l o (52.74 =
1.04)% . (25.60 £0.49)% H1(14.92 +0.09)% .
MP i Glc.Gal GlcA Xyl Man Fuc Rib Fll Ara 24 j{,
(B 1), Hp Gle 2 ExTFEMNAN, & &
(35.66 +1.22)% . FP fy Ara.Gal Xyl f1 GlcA 41
MK ID), Hof Ara FI Gal & & 5 &, 20 9 N
(2.26 £0.08)% H1(2.21 £0.06)% ., WP f Glc,
Xyl Ara F1 Gal 208 (& 1E) , 2 Gle & &gm, h
(5.30£0.05)% . HPLC ¥l g 25 R W3¢ 4. bk
RS BB, Fue & MP AT 1 BB 4H 53 .

HRAEE 4 S5 RIT5E, MP FP Al WP (1) 45 B
LAY a4y R 42.36% 6.92% Fl 11.66% ,
BCHEN 3 > 205 5 A R 2 AR oKL S P25 ) ot sl e
TR Z2 0. FE PP 2 J7 5 i 25 5, MP A1
WP ) HPLC 2 25 5 43 ) 02 8 M-t R ¥ 45 R 1Y
80% 1 78% , 45 Z [l ) 22 BRI, 1 FP WA 5 ik
PRI 7 45 SR 25 B, U W] FP T 3 24k JB o) 00 2 45
HERZMW
2.4 RAUBRERBENAHTFHLIBRNY W

T Bk MPH g #E7 & I iR 1AL R & 1)
VEFHFIER T MP 4545 414y Fue SHRP T8 & 5 5 1 5%
Wa , A S 56 AR 4 MPSOBE 20 73 i L C ) T 3% Gle,
Gal .GlcA Xyl Man ., Fuc . Rib F1 Ara [{)7R & B
W LA I Fue Y, 50 B WA B557 3680 1/2 MS 1
FRHk TR R S .

Tab.4 Monosaccharide composition analysis of S7 mycelia and fermentation broth the polysaccharides. n=3,x +s

Polysaccharides

Monosaccharide

i S7 Mycelia S7 fermentation broth Wheat Bran Agar
composition
Content/ % Molar ratio Content/ % Molar ratio Content/ % Molar ratio
Mannose 0.72 £0.01 0.30 0 0 0 0
Ribose 0.26 +0. 00 0.13 0 0 0 0
Glucuronic acid 1.78 £0. 06 0.70 1.13 +0.03 0.47 0 0
Glucose 35.66 +1.22 15.05 0 0 5.30 £0.05 5.38
Galactose 2.37 £0.03 1. 00 2.21 +0. 06 1. 00 0.98 +0. 08 1. 00
Xylose 0.69 +£0.02 0.35 1.32 0. 04 0.71 3.21£0.25 3.92
Arabinose 0.26 £0.01 0.13 2.26 +0.08 1.22 2.17 £0. 08 2.64
Fucose 0.62 +£0.02 0.29 0 0 0 0
2.4.1 WA R:FERE WACK2 4R+ 70 d 33 2% P A S (92.41 £0.95)% (2.65 +1.38)%

WA ,90 d I BE 4 G A, IO B E AR 3 G 4

FPIE 22 ek 2024 4F 4 HE 59 BEE T

(0. 72 £1.26) % , WM R M BL S Z0i K iR+
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(FS5.KE20),

WALMix £ fh 20 d i & R L 1. 57
(P <0.05),50 d H438 3 900 K& , Hbowl AR 2H 32 B
T20 d, HEE 4 G & I ]S X B — 3590 d
B &R GX AL s B 22 5% (P >0.05),3
G RN AR 2. 12 f5 (P <0.05) ,4 94
RHEENBABA B E2ESF(P>0.05) (K 2B),
WAMMix 415 90 d B & % 3 M4 KRS
XTREZLAH L ¥ A B 25 25 55 (B 2C) . WAHMix
AP+ 90 d W A EALT XA (P <0.05),
VA4 ik (B 2D) . LA I, WA B 5%
BT 32 mg - L' MP [9IR A 500 A {2 JF i
ERMFHaR T, B E 5 & kR Rk =

B AS T 3.2 ¢ - L' MP BYIR A SR i
Pl &, M IR ZE R F

90 d I 3 A~ HOMEZH b1 A F 1 50 BRAH v
HBFEZEF(P>0.05)(5%5), WAHFuc 4114
JIAE 60 d F180 d HIH 3 G 4 e & , 4 LLx R4
PEHT T 10 d;90 d B 3 G A& A% RAL IR 2. 46 %
(P<0.05),4 BB KRG BALH B EES
(P>0.05) (& 2, & 3 o A4 f1 B4), WALFuc
WAMFuc ZHF 7 90 d B} 3 2% F1 4 G Kk R4 5%t
MABA R EZER(P>0.05) (& 3 4 A2 B2, A3
FIB3) ., FUEAT L, WA B555 3865 20 mg - L' 243
WEREIEHE AR 7 I - AL R &, W3 5 i Wi A 1
R RUERZE I LU 5 S MR R 2 )5 2k 25 HlRPEH] .

RS MHTEGHREGEREAEERNATE(WA)ERELWHELE % ,n=6,xxs

Tab.5 Germination rates of seeds cultured on WA medium containing mixed monosaccharides and fucose. % ,n =6,% s

1/d WACK2 WALMix WAMMix WAHMix WALFuc WAMFuc WAHFuc
10 1.58 £1.56 3.30 £0. 98 8.22 £5.06 2.59 +0.57 3.84 £0. 45 2.13 £0.93 2.44 +0.98
20 25.68 +1. 81 40.28 1. 10V 35.34 £4.08") 22.22 +2.27 38.81 4. 561 41.01 £0.99") 27.54 +0.58
30 83.07 +5. 84 91.60 4. 87 88.37 £5.53 72.12 £6. 66 87.38 £2.79 87.53+1.71 86.01 +4. 89
40 91.12 +0. 88 92.13 +£3.54 93.56 +4. 33 87.00 +1.65 94.47 £1. 17V 92.97 +4.95 93.5+3.01
50 91.15£1.96 91.11+2.38 92.52 +2.79 87.59 £3.09 93.45 £2.99 91.76 £2.09 92.63 +4.24
60 91.73 +1.92 92.61 +1.98 94. 60 +2. 38 86.62 +1. 091 90.49 +3. 17 92.46 +0. 84 92.98 +1.99
70 91.98 +1.51 93.15 +0.49 93.64 +1.37 86.71 £2.521) 93.55£1.72 93.23 £1.06 93.01 £1.90
80 92.41 +0.95 93.32 +£2.32 94.90 +2. 11 86.70 +1.20") 91.59 +4. 41 92.61 +3.76 93.34 £3.99
90 92.40 4. 50 95.68 = 1.37 94. 94 +0. 30 85.57 £1.38") 95.63 +0. 12 95.18 +1. 82 92.44 0. 69

T WACK2 — /KB 373 v AR R ITR 2 SOV B s WALMix — /K B8 90 P IR 4 SO B 32 mg + L1, WALFue — /KB 35 9% 3 v i SR W B 32 mg -
L1, WAMMix — K BRE I7 3L H IR A BOBH VR 1 320 mg + L~ 1; WAMFuc — KBREHE IR 36 H I BRI 320 myg - L~ 1 WAHMix — ZKBiNG 35 57 S v IR A B 17 3.2
g+ L= WAHFuc — /KBEREIG SR IE I BRI 3.2 ¢ - L1 SRR WACK2 # A i 255, P <0. 05,

Note: WACK2 — Water agar medium( WA ) without mixed monosaccharides and fucose; WALMix — WA contained 32 mg + L.~! of mixed monosaccharides; WALFuc — WA

contained 32 mg + L.~ of fucose; WAMMix — WA contained 320 mg + L ~! of mixed monosaccharides; WAMFuc — WA contained 320 mg - L ~! of fucose; WAHMix — WA

contained 3.2 g + L ~! of mixed monosaccharides; WAHFuc — WA contained 3.2 g « L =" of fucose; VP <0.05, significant difference compared with WACK2 during the

same period.

2.4.2  1/2 MS }igikk MSCK 4HAp1 20 d H 35
BREE(3 Gl ) AR — it (4 i) ,40 d LS
RS R 90 d B &% (98. 10 £0.46) % (F
6),5 i %2 (50. 97 £4.33) % (K 4A) .

MSMMix £ MSHMix ZHFfF 10 d Bf K& 2555 2
XTHRZH Y 1.29 5 F0 119 f% (P <0.05) (£ 6),
MSMMix 2H H 30 5 2Rl A& A0 Ik ] 55 % BEZH — 3
MSLMix Fl1 MSHMix 25 (%) I 43551 Lb X RE 41 B 1 10 d
120 d, 90 d B 3 NEA BBEAL IR A& 5 5 X AR
HI A 222 5 (P >0.05) , MSLMix 1 MSMMix
5 GH K ) R R ALY 1. 47 f5 A 162 %
(P <0.05) ,MSHMix 41 5 i & 3 5 X% B L %
HEEZER(P>0.05) (K 4B ~D), fitbrl L, 1/2
MS B5FRIEEAH Y F 32 ~320 mg - L' MP (iR 4

- 584 -

Chin Pharm J, 2024 April, Vol. 59 No.7

BEREfE It IR 2R E, WF R S S R M TRt
B R R W B B R A 3.2 g - L7 MP B
ARSI M Fh 7 A s ZE R B, 5
7E WA Kigedk FIVE RIAR LG IR & SOlliE 172 MS 85
Ik PR A S R R B R T
3AEEREEAD T L S G714 I ] 45 o B
H—5;90 d IR B AR 50 IRALAR FE B B A
F25(P>0.05) (£ 6,K5),5 Fif kR4 ¥
XA (P <0.05) , AT HRATAY 1. 36 ~ 1. 47 1%
(K 4E ~ G). bl W, 172 MS H 55 3k &
0.20 ~20 mg - L™ AR R BRZE R, W3
$em S PR T RG] aBERETE 172 MS Ki5R
S PR RS T R BRI E R, XS
R BRI —E
R 2277k 5 2024 4F 4 15 59 B4 T )
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£ 104 £ 104 2 104 £ 104
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£ = D = £
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2 44 2 44 EEE D 2 44
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3 3 3 D 3
8 27 5 2] 5 27 52
0- 0- . .
50 60 70 80 90 50 60 70 80 90 50 60 70 80 90 50 60 70 80 90
t/d t/d t/d t/d
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Ny 5 8 RS
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50 60 70 80 90 50 60 70 80 90 50 60 70 80 90
t/d t/d t/d

A = KBRARHFRIE T RIS INE A SR B — K SUIE RS R IE TR A B IE 32 mg - L5 C - KBIIRER SR AL i SV BE 32 mg + L1 D — K BiIR R SR AL T
TRA A 320 mg + L1 E — /KBl 8535 3 v it BV B 320 mg - L1 F — /K BRUIRBE FRE PR A A 3.2 g« L7156 — AR BIR A 35 3 o 1 e o
3.2 g - L1 SR WACK2 A HAT B9 5%, VP <0.05,

A -WACK2; B - WALMix; C - WAMMix; D - WAHMix; E - WALFuc; F - WAMFuc; G — WAHFuc; VP <0.05, significant difference compared with WACK2 during
the same period.

B2 WARRERES SRS SR RREL TN

Fig.2 Effects of WA medium containing mixed monosaccharides and fucose on protocorm development

Al ~ A4 - PR IIEL ;BT ~ B4 — (AW, R =0.5 mm, Al il BI-WACK2 ;A2 F1 B2-WALFuc; A3 F1 B3-WAMFuc; A4 1 B4-WAHFuc,,
Al - A4 — under vision; Bl — B4 — under a stereoscope. Scale bar =0. 5 mm. Al and B1-MSCK; A2 and B2-MSLFuc; A3 and B3-MSMFuc; A4 and B4-MSHFuc.
B3 MyaEsaEmn WARRELEFRIOdWHELFRL

Fig.3 Seed germination for day 90 on WA media containing mixed monosaccharides and fucose

3 3t i

b5 A BT ARGE

SEL OB SR R SR
SrYIRER MR R T 0 A, Herh BRI £
TR BT A0 A0 M B R
FIAD | BT T S B TR 22 Mk S W R T
SR DR b 2R T AT
FEHIFRTHRBE S 7 1 K, R KR | B K AR A
Yy, A S 25 AR . 6 2258 K g R
ThEZ AR 2024 424 FES 59 BT

= RHEYI R AR S B &, A2 B AR
IR . W R TE M = BHE Y B 1 AR v AR,
FEAE 3K ZE B )2 4 i H I8 B e 22 B8 ( pelotons ) |, 3X
PREEH AL AWM . S Dearnaley 25
PE Y 2 TRAR IR 00 i as 510, 7 0 5 fat B IS TR 22
FE| AR AR D AN Y R A 30 o A P B O B R R IR
FRE S5 FE AL 3 2 R 22 BB ML ) 20 i b, A )
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A = 1/2MS SEFREEAREINR S SR RERENE B — 1/2MS B bR O 32 mg « L=15C — 1/2MS B3R S 32 mg - 115D - 1/2MS gk
FUBIACE 320 mg - L1 E - 1/2MS B iehiivk i 320 mg - L1 F - 1/2MS $3RSE PR A VR 3.2 ¢ - L1156 - 1/2MS SRS Pk E 3.2 g - L1

HAFIMBIHG MSCK ML A 525, P <0.05,

A —MSCK; B - MSIMix; C - MSMMix; D — MSHMix; E - MSLFuc; F - MSMFuc; G — MSHFuc;')P <0. 05, significant difference compared with MSCK during the same period.

& 4

172 MS F R 3R iR & S A5 R R RELE NH W

Fig. 4 Effects of mixed monosaccharides and fucose in 1/2 MS medium on development of protocorm

R6 MTESGHRGERMEEEN /2 MSHRELWHRE. % ,n=6xxs

Tab. 6 Germination rates of seeds cultured on 1/2 MS medium containing mixed monosaccharides and fucose. % ,n =6,x *s

t/d MSCK MSLMix MSMMix MSHMix MSLFuc MSMFuc MSHFuc

10 43.86 £2.79 55.18 £7.38 56.65 £6.911) 52.07 £2.721 49.26 £5.79 37.57 £0.99 47.68 £1.94
20 96. 11 £1.51 97.09 £2. 65 96.18 +2.75 89.17 £2. 191 95.83 +2.06 95.71 £0. 90 95.04 +0.29
30 96.72 £1.94 97.32£1.44 95.07 £0.76 96.89 £1.22 97.10 £0. 89 97.31 £2.22 95.97 £0. 87
40 96.76 £1.17 94.58 £2.77 94.74 £2.99 98.05 +0. 11 96. 06 +2.91 98.38 +1.48 96.29 +1. 08
50 98.47 £0.98 97.43 £0.87 96.07 +4.15 98.46 +1.56 98.10 +1.32 99.08 +0.93 97.51 £1.15
60 97.85 £0. 63 97.81 £0.95 98. 65 0. 48 97.24 £1.07 97.93 £0. 68 99. 14 £0. 09 98.01 £0. 53
70 98.25 +£0.77 97.23 £1.01 98.32 +0. 11 97.50 +1. 10 99.24 +0. 04 99. 06 +0. 02 98.41 £1. 19
80 96.93 +£0. 67 98.96 £1. 12 97.91 £0.35 97.87 £2.32 97.68 £1.95 97.64 £1.12 98.57 +1.02
90 98.10 £0. 46 99.16 £0. 06 99.05 +0.42 98.21 1. 00 98.75 0. 58 98.93 +£0.47 98.42 +1.18

TE:MSCK - 1/2M8 B3RS PR YN INER A PRI S s MSLMix — 1/2MS B3R ML R A A 32 mg - L1, WALFuc — 1/2MS K535 5 tPifg e 32 mg - L1 -
WAMMix: 1/2MS B3R & Bk B 320 mg « L= ; WAMFuc — 1/2MS B35 5Erpig ik B 320 mg « L-'; WAHMix — 1/2MS B35k hiR & ik 3.2 ¢ - L1
WAHFuc — 1/2MS Bif S i 3.2 ¢ - L1 ARG MSCK M AT 8352557, P <0.05,

Note ; MSCK - 1/2 MS medium without mixed monosaccharides and fucose; MSLMix — 1/2 MS medium contained 32 mg « L ~! of mixed monosaccharides; MSLFuc —1/2 MS
medium contained 32 mg + L = of fucose; MSMMix — 1/2 MS medium contained 320 mg + L. =" of mixed monosaccharides; MSMFuc —1/2 MS medium contained 320 mg « L~!

of fucose; MsHMix —1/2 MS medium contained 3.2 g + L.~ ! of mixed monosaccharides; MSHFuc —1/2 MS medium contained 3.2 g + L.~ ! of fucose; VP <0.05, significant

difference compared with MSCK during the same period.

1o T P 3T T 22 SO B R TR . ARSI
T WA R ST BT 22 Z 8% (MP) FI MP K fig 1)
(MPH) £ {g S8 B A1 IR ER 25 & IO AT, A I
W2 (FP) A FP K (FPH) B A X —1E .
S5 22 AR IR e az BTN, Bk K A iR i R 25
20 B R LA AR IR ST B 22 PR I A 7 2B 1R K 9

PERER 5T
HHEREE MP RSB o 2 — o R B RN T
TE570.20 ~20 mg « L™ AP0 1/2MS B3t |
Fi97 90 d I, By A ARG X IR B 225 (AL S
OB A AR PR BRAL P T 36% ~47% o ZE R
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BEIBRAK AL S WAL o0 75 15 A 2 OB , o 5 7 49
(Urediniomycetes) L IR G0 KA HE R Lo 35
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Al ~ A4 — IR WEE; Bl ~ B4 — (R4 WEE, B =0. 5 mm, Al Fll BI-MSCK; A2 il B2-MSLFuc; A3 F1 B3-MSMFuc; A4 il B4-MSHFuc,,
Al = A4 - under vision; Bl — B4 — under a stereoscope, scale bar =0.5 mm. Al and B1-MSCK; A2 and B2-MSLFuc; A3 and B3-MSMFuc; A4 and B4-MSHFuc.

BlS MIASGERENI/2MSERE EHF0dNHKE

Fig.5 Seed germination for day 90 on 1/2 MS media containing mixed monosaccharides and fucose
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I, iX 5 HL-003 B 224k Z B0 58 e AR, 327
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BRI R T AL AR
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