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Difference of stem cell wall compositional characteristics and
degradation efficiency in different genotypes of switchgrass
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Abstract Direct enzymolysis (DE), enzymolysis after 1% H, SO, pretreatment (ACE) and 1% NaOH pretreatment
(ALE) by mixed-cellulases was conducted to determine the degradation efficiency of Alamo (lowland) and Cave-in-
Rock (upland) stem. Afterwards the cell wall compositional characteristics of stem was analysed in particular. 1) Under

the disposal of DE, total sugar yield efficiency, hexose yield efficiency and cellulose degradation efficiency of Alamo
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stem was 24.94% ,40.52% and 24.68% higher than Cave-in-Rock values, respectively. Under the disposal of ACE,
sugar yield efficiency released from pretreatment, sugar yield efficiency released from enzymolysis and total sugar yield
efficiency was 17. 13% ,25.69% and 16. 87 % higher than those obtained from Cave-in-Rock, respectively. What is
more, the pentose yield efficiency, hexose yield efficiency and cellulose degradation efficiency was 9.71% ,38. 93%
and 21. 86% higher than those of Cave-in-Rock. Under the disposal of ALE. sugar vyield efficiency released from
enzymolysis and total sugar yield efficiency was 16.69% and 13.48% higher than those from Cave-in-Rock and the
pentose yield efficiency,hexose yield efficiency and cellulose degradation efficiency was 13.07% ,17.46% and 6.59%
higher than Cave-in-Rock values,respectively. All these differences were statistically significant (P<C0.05 or 0.01).
2)Content of cellulose of Alamo stem was 11. 31% significantly higher than that from Cave-in-Rock, whereas the
cellulose crystallinity indexes and degree of polymerization was 10. 09% and 40.54% significantly lower than those
from Cave-in-Rock, respectively. Content of arabinose (Ara) of hemicellulose in Alamo stem was 5.28% significantly
higher than in Cave-in-Rock. However the content of Xylose(Xyl) was 1.37% lower than in Cave-in-Rock. The degree of
Ara substitution in hemicellulose (Ara/Xyl) of Alamo stem was 6. 74% significantly higher than in Cave-in-Rock.
Syringyl (S) monomer units were 16.40% significantly higher than in Cave-in-Rock. Taken together, higher cellulose
content,lower cellulose crystallinity indexes and degree of polymerization are the major factors rendering the higher
degradation efficiency of Alamo stem. Influence of Ara on branch structure of hemicellulose which negatively affects

cellulose crystallinity indexes and degree of polymerization as well as S monomer units might be the key factors
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rendering higher degradation efficiency of Alamo stem.

Key words

WAL B (Panicum virgatum 1L.) & —Fh WY &
PR e B RO OR BT AR 4 R R R RAE Y . R
LFUE R A PR B AR L K T 2T 4 2R B
RORI S IR B AR Y e 2R 4 R L BE R G AL HE 5 5 i
20 Jf0 B 2 B 45 R 7 B BH S OK T ZF 4 R bR Y R
ffEE o RS R [R] A 25 AN ASE A8 25T R fifk 203 0 440 i
B 2 JRE AR 22 5 o 0 T B i A A R R R R M R
R B PR R R M AS 2 o b R i A A ] R R
PR,

R TET YE 3B ORE 0 A0 B BE T2 ph 2T 4R R LR AT
A 28 RR 5T 2R AH I, — 3 AH B 32 3R S W] TR R 4 i
BEERAE R 0 S A G5 ARG o R ) A RE 11 3 2
PN S A2 BELAG A JB 2 4 3R A4 Rk figk 1) K 4R 5 Bt
PRI AR J5T 27 4 32 B4 R A0 R 2803 1Y e AR A — o
JE b B T H BB A R B A T Y. Xu
ZEEDT DA Sy R o 2T 2 3T £ Y R 4G i T AR R A
SR DT 5 BCH e A 80 1 1 v s Wou G50 X /N 22
R K AR ORI A 5% LA R Li 880 X6 15 55 BF 5% 3%
W, 2 21 2 R v BTz A A i) 2 AR 2 52 el I e 2K
R F B Li R R AR R AR T
A (S) /Y LE 1) BB 9% 42 = 100 R T RY R R R
Jasiukaityte-Grojzdek 2500 O £ 4k 25 04 BB & B A
G5 i B oF 21 2 2R 00 I A SO AT TR, N £
F /NG KRR KAV R T S AR ) A Y v 5 e R A Ak
) FE LR KALH AT T 5 A XA A A 2SR

switchgrass; ecotype; stem; cell wall; degradation efficiency

WIS R 40 i B L B Y 2 e JE R LA G &
X i 2003 ) 52 ) i DL 41 3

AR 5T I A 0 B ZH A At s 3l 3 R AN [ 2R
A BRI B ZE T e g 250 0 2 e (W 0T 9 4048 75 52 )
WS R ZE AT o gk 2 3 O ML AR o L300 A s o it 28R
B ity ol 14 32 7 A i A o R R (I LB ARE

1 #E5FE

1.1 B8R i s

I T 2014 AR AR AL 5T R ARRE 27 B 750l 5 FR
B oE K b T
1.2 ##

IR B A B A Alamo (fI§ #s B9 F1 Cave-in-
Rock (B AD) (% 1) Hb - #25FF, F 2013 4 11 H
WIAE AL 5 FOlb 5 F B 5 & R v fE R A b
(N39°34",E116°28 ) K HL . WAL B F 2012 4EFh i,
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Table 1 Names, ecotypes , ploidies and origins of switchgrass

S Cultivar H: 25 Ecotype 154 Ploidy I Origin

Alamo I b A4 VU i {4 *H

Cave-in-Rock 75 b 5 AN =TS FH
1.3 7k SR 2 v S T A R R Y X A
1.3.1 X% TR G 2 2 35 45 R B R R R Ak I K B

I 2 3 Ak B 2R 4k R B A B 1 A
(Direct enzymolysis, DE) 1% H,SO, T 4k B 5 fif
fi# ( Enzymolysis after 1% H,SO, pretreatment,
ACE) fl 126 NaOH il 4b B J5 i f# (Enzymolysis
after 1% NaOH pretreatment, ALE) , DIZ& 1 K b
BRAE Ry % R TT U6, OF XS MR 2 AP £F 4 3R f 47
YR MR BT R & 5 M 20 URE R R AT 4 A &R
3SHAE.

1.3.2 B .mfLE

PRIBIAC B ZEFF B K 0.5 ¢ T 15 mL .04
s 1B TR AR R RO 12019 HL SO, 3
10 mL HERR Hi4b ¥ .10 g/L 8 NaOH ## 10 mL
FAVEGL AL #E, 10 mL 7818 K AR XTI, 240 48 5 .
2 1Ak B CACE) < B 850 48 i A & R K R B
120 °C {34F 20 min, #Kk 5 & T 50 °C,150 r/min $&
IR %2 by X BROR R 47 5 e K T Ak B, B 2R 3
140 min, B FALH (ALE). BB B LEE T
50 °C,150 r/min LK P EH 2 h; BUH 5,4 000g
B0 s B VR I RO N S B
1.3.3 #f#

W bR AL PR S AR A S LW OF T 2K
4 3 ,0. 2 mol/L AR BHZZ il (pH 4. &)1k 2 i , SR
Jm R 4 g/ L 2P 48R B A AW 5 mL, JFH
ARG MR E 2F & 10 mlL, B 82 R AL 3L (DE) R
A 10 mL Z& 48K/ %t . 8T 50 °C.150 r/min
PEIR W 48 h 5 WU Wb K K BTG L ¥ 40,4 000g
B B TE R D TR RN 7S BB 5 i LB
IS 1 3% fife 205 238 e BB B 0 /S ik 7 o A
THEME ;G ®EATITE . 2 48 3 R 0% i IR
fif 7 N BRE R A YER S B R TR
1.3.4  2m i B 240 % A% o PR BRI K

240 i B 21 B 43 1 4 S IR Peng 45U By
25, I 4% R OO A0 7S BB 1 8 Y 0 g O ik D E AT
YR AR R S, GC/MS 2 > 2F 4k R bk

B R R K A E Klason A3 &
i[l{
1.3.5 ZHBERSHAENT F &

SR FEVBE B 0 32 000 52 /S BB o L B SRk
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HHTRIE. RIEAX N
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0.576 9) XV, /V,40.000 1

Hor Ses B Ses 43 AR 2 R0 5 F1 7S Bk B o
Asso B Agoo 23 4G FE 550 nm I 620 nm | G (E .
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AR 3R LR A S e W IBORE R FRL, VAR 3R 3 AR
I, BhrfERRZE R® ¥I7E 0. 999 0 DL b, 18 Hi4b
PR W B RN A 7 BE B B AT 40 BR AR N 6T R Y
Wi,
1.3.6 B AE AL &AM

AN BE T Sy bt 2 AN R R A A PR
A7 756 PC BY, B 5 & B W T Sigma /24
CHAS) B e Fndh 2 1 T [ 2 4 A1 4 2 3 350 A BR 2
AL i A . AERE AWM T T HE
LG BE A W AR A BR 2 w) L e -4 SROME il 05 ) =
610" U(50 C,pH 4.8 & F .1 min N/Kfi# B-7
M 1 pol 40P B B L T AE R TS 1 =
600 U50 “C,pH 4.8 M1, 1 min WKL 4R
P 1 pmol 7 BE I S5 B 5D . K R WE IS ) =
10X10" U(50 “C,pH 4.8 &4 F,1 min NKfEA
M= 1 pmol AHE I 75 B )
1.3.7 %o

K Excel 2007 X J5 45 B4 28 47 5 BLF0 23 Ay



38 O A K R it

2015 4 2 20 &

SPSS one way ANOVA # 17 J7 2 B &F % 7o #r,
Oringin 8. 5 fEH ,
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W R Cultivar of switchgrass
I liff# Enzymolysis [ #ikbFH Pretreatments

ACE 2 1% H. SO, Bk #US f§ % . ALE 2 126 NaOH
b PR W DE O 2F 2 28 52 4 B 4R AL 8 2~4 [,
x ARERTIAL L™ B RR 22 57 .35 (P<C0. 05) 5 © O VK il
iR PR AR 22 S M B 3 (P <0, 01) 5 Yo Al e v o0 Bl &
SRR R 22 5 B 3K (P<C0. 05) Al 8.3 (P<C0. 01D,
ACE :Enzymolysis after 1% H;SO, pretreatment; ALE;
Enzymolysis after 1% NaOH pretreatment; DE; Direct
enzymolysis, the same as figure 2-4. % represents
significant difference of sugar yield efficiency released
from pretreatment at P <C 0. 05; O O® represents
significant difference of sugar yield efficiency released
from enzymolysis at P<C0. 01; ¥% and Y% y% represent
significant difference of total sugar yield efficiency
released at P<C0. 05 and P<C0. 01, respectively.

Bl HIBBEFLTERE

Fig. 1 Total sugar yield efficiency of switchgrass stem
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1 fifff# Enzymolysis [0 FiALFE Pretreatments
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A 7 R R 25 S B 3 (P<C0. 01) 5 Y Ml Yy Yo 20 AR 56
IS B0 7= B R R 22 57 i 3 (P<<0. 05) A e 3% (P<<0.01)
*% represents significant difference of sugar yield
efficiency released from pretreatment at P< 0. 01; © ©
represents significant difference of sugar yield efficiency
released from enzymolysis at P<Z 0. 01; Y% and Y% v¢
represent significant difference of hexose yield efficiency at
P<C0. 05 and P<C0. 01, respectively.
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Fig. 2 Hexose yield efficiency of switchgrass stem
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PR LT BE (P<T0.05) s KRB H IR - s R 55
B3 (P<0.05),

*x represents significant difference of sugar yield efficiency
released from pretreatment at P <C 0. 01; O represents
significant difference of sugar yield efficiency released from
enzymolysis at P<C0. 05; Yy represents significant difference of

pentose yield efficiency at P<C0. 05.
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Fig.3 Pentose yield efficiency of switchgrass stem
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® and OO represent significant difference of
cellulose degradation efficiency at P<C0. 05 or 0. 01.
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Fig. 4 Hexose yields efficiency from enzymolysis

of switchgrass stem
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i BELH 53 Cell wall components
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x [RFLFYE R & i 25 7 B3 (P<<0.05),

* represents significant difference of cellulose content at P<C0. 05.
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Fig. 5 Content of cell wall components of

switchgrass stem
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Fig. 6 Monosaccharide composition of hemi-cellulose

of switchgrass stem
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Fig. 7 Structure of three lignin monomers
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Table 2 Monomer composition of lignin of switchgrass stem

LIRENLES

Type of monomer

Alamo Cave-in-Rock

HE I/ (umol/g)H 115.00+11.48 105.32+18.02

WAMIEERE/ (umol /)G 257, 64+6. 23 244. 86+26. 00
LT HFE/(umol/g)S  185.524+7.40"  159.38+5.08

S/G 0.7240.04 0.65+0.05

Heox RAEER B FH(P<0.05),

Note: * represents significant difference at P<Z0. 05.
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Degree of polymerization Cryslallinity indexes
WIAFR S FF Cultivar of switchgrass

x I wx fR 2 7B E(P<0. 05) AIlEL i 3% (P<<0.01),

* and *x represent significant difference at P<Z0. 05 or 0. 01.
B8 MERERALEEZRGENERE
Fig. 8 Degree of polymerization and crystallinity

indexes of cellulose of switchgrass stem
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