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HH 22 PSR % S B A0 R B B o R 45 R IN-H R ST 4
43 N 3M A — 5 T #& B (high-mannose) . 28 & 4!
B (hybrid type)fl & J& 1 bE(complex) (Ghazarian et
al., 2011). 7EREYIH, & E B N-FERALE I & E
R AEY) & AT BE(Bao et al., 2001). fy il iy
(Saijo, 2010). 4l LB E 4 4 1 (Wei et al., 2011)F i}
thihifi(Shen et al., 2014; Wang et al., 2015). ¥ %
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B S S R AT 3 0, HLON-$E 5 Man8-9GIcNAc1
T PR BRI R T N-BE A 1 A7 2SR
SERIFRFAE A B 7B (Xu et al., 2016; Zeng et al.,
2018), {H &% T 10 Fg TF AN AE iy Jo IN-HE Ak 4R 4
S RGBS E . AHF 7 AL I N5 &
WIS KBS HE . AR, KM
R R A N 5 22 ) N 2L AR A R A

DA X 8 1 i N-H 4 ) g RO 7 22 i o 66 AT e
T AR RAT 5 P [ 58 A Y 1) £ it BCAE AR S HR 2
FAABMR A ST g, DAN-HHEBE & BT % fif 342 4%
(1 BB AR FURE G, ) FE A DG i Py 256 8] 5k o 22 4 i
BB IR, AT ISR AH SRR 1E F (Strasser et al.,
2006; Liebminger et al., 2011; Kimura et al., 2011;
Kato et al., 2018). Shen%:(2014) b4 1 HlEFALAL &4
R TR 0 B A A0 R F R AR R L R A R A
MW 25, RILTEN-FEEEE MK T VSRZ M E A
W& arsEfge ), dmsgm iy E A%t
A . Kang5:(2008 )i i b #4077 e /R AR N- 2,
G T 2 W e B Tl R AR Ak cgl1 5 BT AR B AE Tt 25 b e
M ER, RUE A BN-TERE I R A B
LB RS, FLE I, N-HRE AR I I8 12 11 45 Aol
WEGTEEAE KRR E R RIEZ REZENEM . i
T 5 3% 1 Sk A g 58 A 114) S AR Bl il 2k 2 52 1) A o -
WEE, SRWREENT, HILEN%E5]i% R4
BRAE K I 4015 . KoiwaZ:(2003) K81, 5%
Wl B B ST T 316 0% 4 S M 8 15 40U T AR - 0t 3 1y
IR, TISTT3a-1. STT3b-1 XU R4S 2> 5 34
P TF R BRAC TR BB . e mT DL, A3 P B (R 9 AR 1Y)
J7 1T FUN-H A B MR R A KR B I sg e B
—E MR R, JC R S AR A AR K R BB F IR
Bip 3 Ao DRI, AT 7SR — o 1 1 N TG fis T
(PNGase Rz)&#MbEFE K J: R N-FE AL, TEASFH Wb
BNEBOSE RIS T, R0 N-FE I A0 AS 1 Bl 2k 6
0L R T 4 1 P B R S 8 AR A R RS T

1 #MR5ERE

1.1 EPHR

ST, hHE. B, KRR R R
.79 7% (Arabidopsis thaliana L)Wk (& I JAXT B &
ZEJ510. 25, 40. 55F170K)I4T ML A= YRl A IR

/ZA\Q

&

e I B FF Col- 0 S 1, B T %A 8%IK
FRIN(95% LI Fi e ) M IR, R TETK #1070
B WRRRK W, A1 mL 95% LB, HfE14i% 25
B, EES-6U, YoidAl TR ik B K R IR NI L,
WRERDERI, R AR 6 B R OE, B)E
R b7 2 HE TMSH IR 4, b KRt E T4°C
BEGUKAR H ORA748/ NN 58 R T IR AR T ALY
T PRI ZARER R TRAR . B R af A 22°Cot 14/
I} /21°C ARG 8/, AHXIEE 940%—60% . 41
T Ja 8525

1.2 RFLE
PNGase Rzff) & ik 4L 2 0 T4 %2017 )ik 4l
LT A B RE S I PD-10 B Sh A i 3, BB M 48 vk
FENTA2/NEE, DL [ iR A R IOK na R = 2 R
B e (Tris) & b B 1o

22°COL IR 2% 1t T 44 30U I 4 i 43 U AE DL R VT
W E 8/ JO 2 B K (A E X RA), 0.0540
0.5 mg-mL~"/-1f1L3% % 1 (bovine albumin, BSA)%
(B X HEZH), 0.05%10.5 mg-mL™" PNGase Rz
(SEAL) . T A TS 4020.20 pim B T Bt i DL %
T, &4 HkRic ABlank. BSA0.05. BSA0.5.
E0.05MEQ.5. ¥ B8/ 5, # Al ikt 25 A
WARMSE; 72 124 LAk b (BFL1 mL MS, 1-2Fk 1),
TR E B FRERA0K . 4 BIEERF H 8/Mif | 2k
KERAMORMFEAR, I, F-80°CUKFHIRLT -

1.3 FRKHNE

W BERE 78/ L SRFI10RFIZN B o« B A % 22 1)
Ji AN FRIL, (5N AR K (BRI IR IS 06 g L),
FrE R KV ZNEEE] s, K v Pl IR AR .

1.4 N-FEREROHI&

141 FEAMHE

AN [ A K U 8 AR Tl Ak 3 ) T B o o o o 2 F
BE3IR . WM RILA 3 RASNHEPE I, HERA
100 mg. [AIEP# /1 11200 pL =4 £/ (trichloroacetic
acid, TCA) I (40%, m/v)H 785318 5 LAITTE il 1%
HH. 7£4°C. 14 000 xg&= 0205080, 37 1iF, Ul
AR ER . FXREOE EE, KR IR
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B2 pHR AR I L5 B pHE N7, LLERR T iF
B .

1.4.2 N-FEEREERERER

] Y 25 Vi B9 R 1 2 L UTUE i N 240 pL kB 4l 7K A
80 pLFTIE IR -BE MR 22 M (500 mmol-L™', pH6.0), &
PIRA], 95°CARTE1000Bh . VA H1 )5 T 1A e AR 2 HF o
80 UL PNGase Rz (3 mg-mL™"), 25°C. 443401400
ARG AR A, 95°CANAAS /Bl 2 1k s B o

1.4.3 N-PEHEROZELL. FRICFAUPLCHEM
N-F % 1 4l 4k . bR FTUPLC A M 5 ¥2: 2 2% SC R
Wang%5(2017a)fTid o #41.4.275 v i 15 Bl s v T
4°C. 14 000 xg & 0220 73 8, W4 LiE, viE A
400 pLiB 4K B B J5 & 0B, &IFFTA LIS,
B Supelclean™ ENVI-Carb ™R m 4, SRJ5 MM
3mLEB K, HiF, HKRKKIMA15mL 20% 2
1.5 mL 40% S, 7 il 20%F140% £ i
Ve, & IR B LR LR T . ET
ERE S HIIA10 pL 2-ABHRIC (35 mmol-L™' 2-AB.
0.1 mol-L™" 451 % Bl & Ak 5y % T DMS O- vk i iR R A3
W(7:3, vIV), RTiRA), 65°CEJRItFRICA/NT . 2
FiEIIA30 uLZfiE, 12 500 g 02454, B b,
1 FH e GRUAREAT 20 B . B 254 9 Acquity BEH
LR (Waters, 1.7 ym, 2.1x150 mm), ¥:if60°C,
W 0.5 mL-min™"; #EREE H40 uL; WBEIHAR
50 mmol-L™ F R 8% 2% i (pH4.5); WZhAHB A 2.0,
e A M 28 3 K AN EX/Em=330/420 nm; ¥k FE
067 #h i B AHAH 5% L T+ 2 12%, 6-455r %81, i
IAHALLA 3 — D LR VESR T+ 2 44%, 4649551, i)
AHATETE H100%F4ERF1 5081, 51-5845rFhim sl fHALL
B [% 2 5% - 4EFE 7 90 B . DL 2-AB b i Y FE 3R BE
(Dextran, 50 mmol-L™")E bR 8y, LI2-ABF:
TCIIZE 28 MBI AR A A, DA TR RT I FBE 22 i s o4 it
2, XETN-FERE AT € &

1.5 N-$E#EHMALDI-TOF-MSH R

RIGUPLCIE &, Xf (il i AT W SR, () A i O
THHLT R ETEFE A2 UL BB TK, 7853
WA, WU L5 2,5- R B K H R (DHB)R 4,
RPETHEAR b, BT R, AR Al Bk

AT HL AT I [E] )5 1 (matrix assisted laser ioni-
zation time of flight mass spectrometry, MALDI-
TOF-MS) ks i 77722 1 SCHR(Du et al., 2015; Wang
et al., 2017b)fT iR, 1# FBruker Autoflex Speed in-
strument /i B SGEATA I . LA O WLILAL B (A R
] A A IR B 9 b e S RS IERR HER) o IE B A T i
AN B E K20 KV, 5 Aaf b R
800-3 000 m/z, KA %¥E Bt Ot RE &= 960%.

1.6 BUESTH

K HIBruker Flexanalysis 3.343H7 84 % i 1 $ i it
ITALFR, 15 ] GlycoWorkbench i 45 4 73 it 8 4: xif
Ji R 2 R AT HE T o R T 22 /3 456 Duncan’s 2 &
FORHEAT e ik 2 40 M, 4% I8 2 M LU bR id 7 VbR il
FBE, AR R 2 R B35 (P<0.05). - FH1E+
o 22 o] 355 JE Ut FA) AF T 06 T AR 3R AT LU, 434N
ITER,

2 SR

2.1 HWEFAEEAKEFHIN-FEEAMNEL
211 N-FEEMZE

AR ARSI 45 FE(BIT), YREETE 15408 2 | i)
UG, S R s v T SRR o A% € 1 e 11 R R B L
(GU)HT I . FATIILUCEEAT B4R, L GU
1843 % 94.86. 5.03. 5.39. 5.56. 5.90. 6.10. 6.35.
6.58. 6.82. 6.97. 7.47. 7.86. 8.73/19.44. F %
EGUIE 5 CA Bl EAT LL#R, 5k /b 45 R B
FHIRIE(Du et al., 2015; A%, 2017), 1212504
IF) ) IN-WE B S R0 (6 1) o v 275 W56 2 19 J5f fif L
806.9, H T RILTN-FERERZ O HMEN T &, N
EN-FERE . 34506 B T E AR A R A DU 21 AH T 1%
G5, (HERHEILGUIE LA SL5 = i il 4 R (T8
ZE2017), HENIL L5 NGIcNAcMan3XylGIcNAC2.
115 VAR B 5 A7 L HE U JFC - 1T BB A7 AE 3FR A ] [7]
oy SRR, FLr2AN R R RN, 1R A A B,
2R BN S AT AE & AR (Carica papaya)H il
F|(Wilson et al., 2001; Du et al., 2015), #HEM 115
I 2 45 4 F i (GalGIcNAc2Man3GIcNAc2). B Ti%
{03 0 (111 5. GUAE (7.47) 5 GalGIcNAc2Man3Glc-
NAC2%} B 1 FE 8 GUAE (6.2) AN 7, i i% & Ay Ak
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Figure 1 HPLC spectra of N-glycans of Arabidopsis thaliana at different growth stages

N-HESE . 25 b, BATMAL R I 3L 4 5E 12D N-Hl 5
G5K, oy R H BR A BN S R 2R A, e rp T
FRAET G4, RTS8, S RPENE B
BESEHISAS, A& ARBELAI3AS, R 2 A Lewis
PUJ R 5 1% 1R R B 1 TR

2.1.2 AEEKKEMEITIN-FEESE AR
L3 25 FURE R A bR X AN ] A K s 3 7 481 7 5 -
MEBHTIFE(E2A), 43R ER, Mg,

B A KA L AR 3 22 A 1 -
B4y %96.69. 11.97. 15.81. 12.69%8.73 nmol-g~",
AR R E R, EREIARIEE. it P
ECBA [ N4 B IR 4 R AL, DA A Al 11 1 27 0
MY TRIRRI Ay S THIAR, T35 55 D PR O 7 B (R 2) . 45 R
R, BB Y B, L5 T N-HESE 1 25 f
FRRAEZN, REAEREMAEEBRENHEL. A
[Fi) B 0L 7 T PR B 2 2 R AR 34 (I 2B) R B A B
F IR 2% JE T AR5 (80.98%-97.64%), &R

© 0000 Chinese Bulletin of Botany



266 HHANAR 56(3) 2021

®/L WHTTREE AIN-FEEL

Table 1 The summary of N-glycan structures from glycoprotein in Arabidopsis thaliana

Retention GU  The theoretical electron Detection value of

Number . : X - Name Abbreviation
time (min) value charge-mass ratio (m/z) charge-mass ratio (m/z)
1 17.2 4.86 1185.43 1185.51 Man3XylGIcNAc2 MMXF
2 17.9 5.03 - 806.99 Unknown -
3 19.4 5.39 1388.51 - GlcNAcMan3XylGIcNAc2 GnMXF
4 20.1 5.56 1331.49 1331.39 Man3XylFucGIcNAc2 MMX
5 21.4 5.90 1591.558 1591.74 GIcNAc2Man3XylGIcNAc2 GnGnX
6 223 6.10 1534.57 1534.70 GlcNAcMan3XylFucGIcNAc2 GnMX
7 23.2 6.35 1493.53 149416 Man4XylFucGIcNAc2 M4XF
8 24.0 6.58 1737.64 1737.93 GIlcNAc2Man3XylFucGIcNAc2 GnGnXF
9 24.9 6.82 1696.62 1697.37 GalGIcNAcMan3XylFucGIcNAc2 GGnXF
10 25.5 6.97 1539.54 1540.16 Man6GIcNAc2 M6
11 27.3 7.47 - 1620.53 Unknown -
12 28.6 7.86 1701.89 1701.74 Man7GIcNAc2 M7
13 314 8.73 1863.65 1863.86 Man8GIcNAc2 M8
14 33.4 9.44 2025.70 2025.88 Man9GIcNAc2 M9
A 100 - 0 Mo B 45 —o— MMXF
-0 - GNMXF
m M8 4 Gn
Ve 7. 40 + —o— GnGnXF
- 0wz 35 - —a— M4XF
< - M6 & 30 -©- GGnXF
g [ GnGnX 8 o5
c 3
8 EA GnMX @ 20 -
o L
& W MMX $ 15
B GGnXF 10
£ M4xF 5
o LLEEE B B B [0 GnGnXF
. . . . Seedling Bolting Flowering Longhorn Aging
Seedling Bolting Flowering Longhorn Aging GnMXF P
stage stage stage ripening stage stage stage stage rlgfanlgg stage
stage £ MMXF g
C147 o MMX D 7 - —e— M6
12 4 8- GnMX 6 4 --&--- M7
S04 —* GnGnX 51 —a— M8
o N Y . = S ——o—- M9
S 8~ o 4 \
T Bl
9 o B c 3 |
g 6 \\\ l’/’, _\@ g 3
& 4] m i S i §”,_A g 2
2 "~ 1 —-
0 T T T T 1 0 T T T 1 1
Seedling Bolting Flowering Longhorn Aging Seedling Bolting Flowering Longhorn  Aging
stage stage stage ripening stage stage stage stage ripening stage
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B2 AS[RJAE A A0 R 5 N-BE B b AN RIS B AR X 25 e ARk

(A) N-WEREA [RIHE RS (1 LU AR e 3h; (B) & ACHE RIS HME 52 28 B N-HIBE 1) EL I AR A 3% (C) A& ACHE B2 A B IN-WR B 1) LU A9 AR A
% (D) e H EE MR N-BEBE B L) A8 A a3 . RIS MR 1.

Figure 2 The relative proportion of different N-glycans from Arabidopsis thaliana at different growth stages

(A) The changes of the proportions for each N-glycan structure; (B) The changes of the proportions of complex N-glycans with

Xyl and Fuc; (C) The changes of the proportions of complex N-glycans only with Xyl; (D) The changes of the proportions of
high-mannose N-glycans. The abbreviations of different N-glycans are the same as Table 1.
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Table 2 The relative content of different N-glycans from Arabidopsis thaliana at different growth stages
Relative content (%)

N-glycans Seedling stage Bolting stage Flowering stage Lor:]iggosr?agge_ Aging stage
Complex type with Xyl and Fuc
Man3XylFucGIcNAc2 (MMXF) 32.31#1.71b  24.79+0.33c 27.00+1.21c  37.96+1.92a 34.51+5.23 ab
GlcNAcMan3XylFucGIcNAc2 (GnMXF) 14.11+0.75d 20.18+1.05b 23.83+t0.74a 17.37+1.67c 10.53+1.58 ¢
Man4XylFucGIcNAc2 (M4XF) 3.99+0.15 a 3.11+0.36 ab  2.70+0.40 b 3.10+0.21ab  3.61+0.80 ab
GlcNAc2Man3XylFucGIcNAc2 (GnGnXF)  13.33+0.42b  15.68+0.15b 12.55+1.26b  16.06%1.03b 23.44+0.12 a
GalGIcNAcMan3XylFucGIcNAc2 (GGnXF) 4.69+0.36 a 1.93+0.20 b 1.61£0.29 b 1.82£0.09 b 1.5810.36 b
Sum 68.4411.51b 65.69+0.98b 67.68+2.33b  76.31+3.13a 73.84+2.79 a
Complex type only with Xyl
Man3XylGIcNAc2 (MMX) 6.67+0.58 b 6.62+0.23b  7.87+0.25b 11.59+1.68a 10.69+1.43 a
GIlcNAcMan3XylGIcNAc2 (GnMX) 3.96+0.18 cd 4.51+0.10c  3.77+0.08d 6.44+0.26 a  5.46+0.65b
GlcNAc2Man3XylGIcNAc2 (GnGnX) 7.06+0.82 a 4.17£0.08b  2.71+0.79bc  3.30+0.62bc  3.80+0.41c
Sum 17.69+1.57b  15.29+0.41 bc 14.34+0.70c  21.33+2.39a 20.94+2.79 a
Sum of complex 86.13+2.95b 80.98+0.92c 82.02+1.65c  97.64+0.78a 94.77+0.94 a
High-mannose type
Man6GIcNAc2 (M6) 5.85+0.32 a 571+0.24a  6.31+0.22 a 0.92+0.15 ¢ 2.77+0.77 b
Man7GIcNAc2 (M7) 3.63+0.69 b 453+0.16a  4.41+0.30ab  0.39+0.30 c 1.0910.64 ¢
Man8GIcNAc2 (M8) 2.33+0.74 b 4.72£0.29a  4.04+0.50 a 0.20+0.09 ¢ 0.48+0.32 ¢
Man9GIcNAc2 (M9) 2.06£1.29bc  4.06+0.69a  3.23x0.67ab  0.84+0.83 c 0.88+0.78 ¢
Sum of high-mannose 13.87+2.95b  19.02+0.92a 17.98%11.65a 2.36+0.78 c 5.23+0.94 c

NENG 7R R % 57 8 2 (P<0.05). Different lowercase letters indicate significant differences (P<0.05).

R R 5 88 B P 85 ) s 4 2 UL P TIN5 1 = 221 4
o 8 B 7R R A2 2 R N 2 D) 1) A i A K i A
SRR, A E A (K A 5 R R 5 2 ) =
H@EREM S B EEMT RSN KA. HheHE
2R N % 1) 25 o R 4 T B 1 13.87 % 2848 - Tt 214t
EHI119.02%, 2 AP T B 2 A K 1H2.36%,
B 5EZ W UINIE R TF55.23% (KI2E). MM, E 2%
ROBEARG & B2 NS LI R N RRmass, Bhigh
Hi#11186.13% T % Z4h % 11£180.98%, 7E+ A1 H ik
P TP B w1 97.64%, FEE W R
94.77% (K2C, D).

2.2 PNGase RzAMEFHEMFEHTK

FHAS [ FVB0O0 48L B T 4 v B 7 87N I 5 e AMS % 57
Ferp gk s A, R WCER I B 8/ S Ak SR KB R
AMMORIZ T, MEIFGI EREK, 4R (K3A-C)

VR, IS8/, H A KA TR E R, ik
PGSR 10K, AT %23 =ik EPNGase Rz
AL FRZH (EO.5) i 4l B K 34 B .55 T H e 441 AR 4
R B £ 95 (BI3D), ALBES/NAY, KK ZBSA0.05%F
WA LB 7K A 2 8 o B % 25, &k E
BSAQ.5% AL S5 ai i & A LL, MK Hgi %%
AR, R R ] A B AL BE T B 0 A AR
Ko — e ImsER . seah, BAAE. (RIRERA
H41(EQ.5R1E0.05)5 %} i 41 (Blank f1IBSA0.05) 2 [i]
FWRKGFERZEER, BS5EmKEEAX KA
(BSAO5)MHLL I LR 2 7 57 . Ak BB FRER, (IR
AbFEZH (E0.05) EARAR KIS 40 T X R4, (H = L
FES, MEREAATEHECS) M EMRKE R EET
HARAH (SIS ST DL AR IR FE g b 40 ), H
Gt = 7 0 (P<0.05). AN E10°K, IR & Ak
HZH (E0.05) EARK & 5 % B 41 (BSA0.05) A — 3,
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(A) ALER8/NEFIIZTE; (B) HESRMAIHE (C) H10KMHIE; (D) HAFIREPNGase RZALEA G ¥ 8/, 7 [F) b #HZH % B 1] 1t

ERKERGR A (AR T RRRERE%). Blank: TREXE

F7Kk; BSA0.05: 0.05 mg-mL™" BSA¥%#; BSA0.5: 0.5 mg-mL™’
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Figure 3 The influence of PNGase Rz with different concentrations on the growth of Arabidopsis primary root

(A) Seedlings cultured for 8 hours; (B) Seedlings in the fifth day of growth; (C) Seedlings in the tenth day of growth; (D) Statistical
analysis of primary root length of Arabidopsis seedlings treated with different concentrations of PNGase Rz for 8 hours at dif-
ferent time points (different letters indicate significant dfferences). Blank: Sterile deionized water; BSA0.05: 0.05 mg-mL™" BSA;
BSAO0.5: 0.5 mg-mL~" BSA; E0.05: 0.05 mg-mL™"' PNGase Rz; E0.5: 0.5 mg-mL~" PNGase Rz. Bars=1 cm
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Figure 4 HPLC spectra of N-glycans from different groups at three growth points and the relative content of each N-glycan of

Arabidopsis

(A) HPLC spectra of N-glycans at 8 h; (B) HPLC spectra of N-glycans at 5 d; (C) HPLC spectra of N-glycans at 10 d; (D) The
relative content of different N-glycans. The abbreviations of dfferent N-glycans are the same as Table 1. Blank, BSAO0.05,

BSAO0.5, E0.05, and EO.5 are the same as Figure 3.
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3 A [FI T I A0 O A FEN-WE AR
Table 3 The relative content of each N-glycan of Arabidopsis from different groups at different time points

N-glycans

The relative content of each N-glycan (%)

Blank BSA0.05 BSA0.5 E0.05 EO0.5
Culture for 8 hours
Man3XylFucGIcNAc2 35.2210.42 b 35.00£0.07b  35.57+0.99b  39.29+0.14a 40.25+0.62 a
GlcNAcMan3XylFucGIcNAc2 18.12+0.07 bc  17.10+0.07b  18.00+0.55c  18.51+0.05b  19.03%0.20 a
Man4XylFucGIcNAc2 2.83+0.20 ¢ 2.61+0.10 c 3.24+0.16 b 3.63+0.14 a 3.86+0.18 a
GlcNAc2Man3XylFucGIcNAc2 9.98+0.13 ¢ 10.02+0.08 ¢ 10.95+0.79b  13.09+0.13a  12.89+0.55a
GalGIcNAcMan3XylFucGIcNAc2 2.63+0.09 c 2.35+0.11d 2.35+0.16 d 3.06+0.05 b 3.83+0.12 a
Man3XylGlcNAc2 6.98+0.16 ¢ 7.89+0.15b 7.8610.19 b 8.83+0.15 a 6.66+0.32 ¢
GlcNAcMan3XylGIcNAc2 2.77+0.14 a 2.60+0.16 a 2.95+0.22 a 1.88+0.24 b 1.94+0.21b
GlcNAc2Man3XylGIcNAc2 1.441+0.14 b 1.694£0.10 a 1.404£0.13 b 1.67£0.21ab  1.64+0.11 ab
Sum of complex 79.97+0.52 c 79.26+0.48d  82.31+0.22b  89.95+0.12a 90.10+0.29 a
Man6GIcNAc2 4.78+0.10 a 4.81+0.05 a 3.41+0.27 b 1.86+0.09 c 1.70+0.16 c
Man7GIcNAc2 4.16+0.13 a 4.16+0.11 a 3.25+0.11 b 1.87+0.11¢c 1.58+0.29 ¢
Man8GIcNAc2 5.37+0.10 a 5.52+0.11 a 4.90£0.20 b 1.39+0.21¢c 1.44+0.18 c
Man9GIcNAc2 5.71+0.28 b 6.25+0.29 a 6.12+0.13 a 4.93+0.30 c 5.18+0.13 ¢
Sum of high-mannose 20.03+0.52 b 20.74+0.48a 17.69+0.22c  10.05+0.12d  9.90+0.29d
Culture for 5 days
Man3XylFucGIcNAc2 29.60+0.18 b 28.68+0.15¢c  28.60+0.87c  29.51+0.24b  30.74+0.36 a
GlcNAcMan3XylFucGIcNAc2 17.97+0.10 b 18.06+0.12b  18.15+0.61b  17.84+0.10b  19.85+0.28 a
Man4XylFucGIcNAc2 4.46+0.08 a 2.71+0.12 b 2.24+0.15¢ 2.23+0.12 ¢ 2.34+0.11 ¢
GlcNAc2Man3XylFucGIlcNAc2 14.58+0.11 b 13.80+0.15¢  13.56+0.27c  13.54+0.18 ¢  15.72+0.14 a
GalGlcNAcMan3XylFucGIcNAc2 2.62+0.13 a 2.29+0.10 b 2.29+0.12b 2.46+0.11ab  2.22+0.18 b
Man3XylGlcNAc2 5.17+0.07 d 6.80+0.11 ¢ 8.56+0.26 a 7.77+0.30 b 5.00+0.16 d
GlcNAcMan3XylGIcNAc2 1.81+0.17 d 2.02+0.10 cd  2.58+0.11 a 2.33+0.11b 2.19+0.07 bc
GlcNAc2Man3XylGIcNAc2 1.89+0.10 c 3.14+0.05 a 2.54+0.17 b 3.36+0.25 a 1.75+0.21 ¢
Sum of complex 78.10+0.10 c 77.51£0.15d  78.52+0.26 ¢ = 79.05+0.18 b  79.80+0.52 a
Man6GIcNAc2 5.46+0.09 c 6.16+0.05 a 5.64+0.15bc  5.81+0.30ab  5.38+0.32 ¢
Man7GIcNAc2 6.09+0.13 a 5.78+0.15 b 4.90+0.13 d 5.3310.22 ¢ 4.87+0.11d
Man8GIcNAc2 6.22+0.15 b 6.35+0.04 a 6.41+0.09 a 6.27+0.17ab  6.04+0.10 b
Man9GIcNAc2 4.12+0.11b 4.20£0.15ab  4.53#0.26 a 3.55+0.25 ¢ 3.90+0.20 bc
Sum of high-mannose 21.90£0.10 b 22.49+0.15a 21.48:#0.26b  20.95+0.18c  20.20+0.52 d
Culture for 10 days
Man3XylFucGIcNAc2 31.88+0.19 a 31.6410.09ab 31.58+0.08 ab 29.30+0.12c  31.1120.12b
GlcNAcMan3XylFucGIcNAc2 17.96+0.09 a 17.66+0.10a  17.70+0.37a  17.07£0.09b  17.77+0.13 a
Man4XylFucGIcNAc2 3.46+0.57 a 3.57+0.11 a 3.43+0.13 a 3.32+0.12 a 3.28+0.12 a
GlcNAc2Man3XylFucGIcNAc2 14.3440.07 ab 13.8840.10 bc  14.50+0.58a  13.73+0.05c  14.85+0.16 a
GalGIcNAcMan3XylFucGIcNAc2 2.054+0.09 a 2.2140.17 a 2.3040.20 a 2.25+0.09 a 2.20+0.23 a
Man3XylGIcNAc2 5.81+0.23 ¢ 6.62+0.10 b 5.48+0.38 ¢ 8.96+0.03 a 5.86+0.14 ¢
GIcNAcMan3XylGlcNAc2 2.20+0.15a 2.27+0.12 a 2.51+0.42 a 2.20+0.07 a 2.19+0.11 a
GlcNAc2Man3XylGIcNAc2 1.87+0.10 c 2.23+0.13 b 1.56+0.19 d 2.64+0.07 a 1.88+0.05¢c
Sum of complex 79.57+0.47 ab 80.08+0.30a  79.06+0.64b  79.47+0.07 ab 79.15+0.15b
Man6GIcNAc2 5.47+0.09 a 5.59+0.08 a 5.39+0.32 a 5.68+0.17 a 5.52+0.10 a
Man7GIcNAc2 5.3610.16 b 5.27+0.09 b 5.24+0.10 b 5.69+0.17 a 5.66+0.17 a
Man8GIcNAc2 6.20+0.07 a 5.71+0.13bc  6.42+0.40 a 5.52+0.21 ¢ 6.04+0.10 ab
Man9GIcNAc2 3.41+0.22 b 3.35+0.23 b 3.89+0.15 a 3.64+0.22 ab  3.64+0.11 ab
Sum of high-mannose 20.43+0.47 ab 19.92+0.30 b  20.94+0.64a  20.53+0.07a 20.85+0.15a

Blank. BSA0.05. BSA0.5. E0.05F1EQ.5[F 3. A[RI/NG FRERIR 2% 5 0 3% (P<0.05).
Blank, BSA0.05, BSA0.5, E0.05, and EO0.5 are the same as Figure 3. Different lowercase letters indicate significant differences
(P<0.05).
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M. AHEEZ R, 24 -PNGase Rz &b ¥ 2H 7] [t N-HE 7
YR i 2 22 7 (E0.05°810.05%, E0.5°49.90%). i
A T 2H v R TR A 8 (9.90%—10.05% ) i K T 4
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Changes of Protein N-glycosylation in the Growth of Arabidopsis
thaliana and Effects of Enzymatic Deglycosylation on
Root Development

Ting Wang', Huanhuan Yang', Hongwei Zhao, Josef Voglmeir, Li Liu’
College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, China

Abstract N-glycosylation of proteins plays an important role in plant growth and development. This study explored the
changes in protein N-glycosylation in Arabidopsis thaliana at different growth stages and its role in the root development.
N-glycans of Arabidopsis Col-0 plants at different growth stages were enzymatically released with N-glycanase and ana-
lyzed by HPLC and MALDI-TOF-MS. In addition, Arabidopsis seedlings were treated with N-glycanase, PNGase Rz, for 8
hours before further cultivation in MS medium for five and ten days. The group treated with BSA solution was used as the
negative control and the group treated with sterile deionized water was used as blank control. The changes in the primary
root length and N-glycosylation composition of the seedlings were measured after treatment. A total number of 12
N-glycan structures were deduced from Arabidopsis, including 4 high-mannose types and 8 complex types. Throughout
the entire period, the content of complex type N-glycan was always higher than that of high-mannose; the complex
structures modified with xylose and fucose were the dominant component, among which Man3XylFucGIcNAc2 is the
highest. The changes of high-mannose N-glycan were as follows: the content steadily increased from 13.87% (seedling
stage) to 19.02% (bolting stage), slightly decreased to 17.98% (flowering stage), and dramatically dropped to 2.36%
(longhorn ripening stage), then returned 5.23% (aging stage). After treatment with PNGase Rz at high concentration, a
significant inhibition of the primary root’s growth was observed, which could not be recovered after cultivation in MS me-
dium for ten days. However, no statistical differences of root length and growth state were found in the treatment group of
low concentration (0.05 mg-mL‘1), compared with the negative group. N-glycan analysis of seedlings revealed that com-
pared with the control, both treatment groups showed significant changes in the composition of N-glycans. Especially, the
total content of high-mannose N-glycans was dramatically lower than that of the blank control group. Meanwhile, these
glycoform differences shrank with prolonged time of cultivation and finally disappeared. In conclusion, Arabidopsis tha-
liana has unique pattern of N-glycosylation during the whole growing period; and glycanase treatment could interme-
diately alter the N-glycosylation pattern and subsequently inhibit the development of root.
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