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ABSTRACT: Objective To isolate and purify the allergen Car i 1 from Carya illinoinensis, and characterize and
identify its structure. Methods Taking fresh Carya illinoensis as raw material, the allergen protein Car i 1 of Carya
illinoensis was isolated and purified by crushing, degreasing, extraction, rough grading and gel filtration
chromatography. Car i 1 was identified by sodium dodecyl sulfate polyacrylamide gel electrophoresis, liquid
chromatography-tandem mass spectrometry and immunoblotting, and its secondary and tertiary structures were

characterized by circular dichroism and ultraviolet spectrophotometer. Results This method purified the allergen

EEWE: B RKESHFAITRIH (2023YFF1104002) . B R [ RFH2EF 4500 H (32160540) . % #04 FHE 8 K% 11(202003206020025) , V1.
TUEEE T H(GII212121)

Fund: Supported by the Key Research and Development Program of China (2023YFF1104002), the National Natural Science Foundation of China
(32160540), the Anhui Province Science and Technology Major Project (202003206020025), and the Jiangxi Provincial Department of Education
Project (GJJ212121)

“BEEE: REMR, A, TEMR TN E HFE. E-mial: wuzhihua@ncu.edu.cn

*Corresponding author: WU Zhi-Hua, Professor, Sino-German Joint Research Institute, Nanchang University, Nanchang 330047, China. E-mail:
wuzhihua@ncu.edu.cn



14 B il 2 A iR A I A 4

FH15E

Car i 1 from Carya illinoensis, with a single round preparation amount of over 5 mg and a purity of over 95%. The

protein’s advanced structure was not damaged and could be accurately recognized by the serum of all 3 Carya

illinoensis allergy patients. Conclusion The purification method has the advantages of simple technical route, low

equipment requirements, high single preparation quantity, total rate up to 65%, and convenient operation, which lays

a material foundation for the related research of allergen Car i 1 from Carya illinoinensis.
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AR, ENAMEY BB R ER B AL R 4.9%,
JENSRUN SR Sy kB (E i O ok A i
f 5 IR AR N A RS SR B R 2L, Hegit, o
] IR SR (R 21 Y AT SZ AR A 2005 4R/ 99.9 2 TTHE K5 2022
AR 450 1270, HoA DU AE AR N B T AR
TE 300~400 {Z7c 47, MORASZ B S F bR M8
R, 2022 4F, FR [ SR B TS MU Ik 48.45 126,
AR AR R R SR ML SRR L, WinT &
Yy XU

AR R (Carya illinoinensis), J& HIBEEL 1L 428k &,
NI R, JFE7F A0S R E A4
DL R BVG R U ikl BRREE S EENEA.
WAL Y Je 2R e RN Y O R, AR Rp
LR R 1, VENKATACHALAM 25U — it
FERR I Ao R A ) I T R T SR AR AR B SR IR B, g
3l vk S I AE 7~66 kDa U Bl N A2 1E 2 A e ity 1),
HP A 3 FhacEUR Car i 112, Car i 230 Car i 419

Car i 1JBT 2s RIS, BB T F 280
Jiz—1" SHARMA S5 splitsE T 28 44 AR ik
HURE MYE, HRE 22 i RE A R EH Cari 1. B2
—M/NFEA, S FEANR 16~18 kDa, £H—KIE
FEAN— AN/ NI T 3k B A A0 S R R AR, S
9 5.16, A HBGRAPEREME L SR SR Ana o 3 FIfZ
BEECHUE Jug v 1 PFP 2s AR HAT ALY —4E251, R
T o SEFEERRIN IR . Ak, PR RAEX 3
2s M Z S R S22 Bk 3 1 E (immunoglobulin E)38
SRR, KB Car i 1 APAANSR SN AL 5 Jug r 1 71 Ana
o3 CHIFENLAA B & MINFEED,

SHARMA % 2158 3o % 4 [ 5% =X I 1V (polymerase
chain reaction, PCR)H AP W AR LAY cDNA, RfFHHL 7
RERIFR A, Kk A LRI B F R, R
B AR EHE Car i 1, B E Car i 1 BRI
Z PP, FMZHTaifb RER Car i 1, SRMHA B AR
SR Cari | 4liEBAR, FAAEH B4, Basiatham,
MARPLEARE [gG BPIHISLE B/R A Car 1 1 AHER KSR

Car i | A FTRRAR. DRI, ARELAGAL I R IR B T RE %
BRAEZNRT Car 1 1 BIIRADISE, XTEMA S L AT,
T B A B R SR E A AR R R, B
RIET 4 T EA Cari | WRIEZEDUR, 22k
KIR Car i 1, HAYES I A0 HAR, 7RAE W] i 42,
S E RN R

Tt 2 e VT8 125 T T AR SR 2R 11 b e 40 R 434l
AEE BT, P52 AT DA 22 ) S e 3R AR [ ARE G rp 4
B, RIEERE B IR T B IR (size
exclusion chromatography, SEC)% /& A — & K/NFLBR
T BEIEAE 2 AT A BT (AN SRR . SRR HHEENE . RN Tk
JHe e BE 46 ), 1) R e UKL X 43— St TR AR A (] 04 4y Jot i
T ZHER . XA LRI A, PR
5, FERTEUE, @ik PR S MG, A
4alifk 345 Cari 1 25 .

YT, ARUFFOR AR RS0 . BUIR S SR BORLE
M, TR HUTNE, KGR T I8 2 aifb T 2R
REBUREM Car 1 1, FIFAFEMREEELD A, FFRT
FREEHATRIE, BAEET —FREMERE | A2k
HEWHI SR Cari | B AL T, MRS THEMR
REURE M Car i | IWFE0C R A B0 TSI 4L T 4
oAl

1 MR5ERZE

L1 #E5RF

SRR R A T W 5 e Al ), ZEARR ) SR I
T F 5 K ] 3 S R AT BR A H

Sephadex G-50 Medium BERJZHTH(70 cmx2.6 cm,
bt B Bt Fl); 8 B (western blot, WB)YRR# f
PR (R B AE AR RA D, EMEAFEIA IgE
r (£ E Bio-Rad 24 Fl); HAR i & 1k ¥ W (horseradish
peroxidase, HRP)-EH5 % F1 K (ki E YR A BRA F);
Hol s A AL (- Hr 4, Jb 5T Solarbio 23 7).
1.2 X &

FDV FAANEEIL(E IS FA F]); Centrifuge 5810
T 14V VR S D ML(TE ) Eppendorf 23 /]); PHS-3C pH it( i
AR AL B AT PR R, 81 BT s AL R GE (4G
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HD-1 BRE AL . SB6-100 F SRS . HD-A HL i
RS HL-1 fHR S, LiEHE M VIEY) ); PowerPac HL
K{¥ . EPS-601 GE Healthcare Hi %%/ . ChemiDoc %EJi&
WAL (ZEE Bio-Rad 24 ]); SpectraMax M2 FARAY .
SpeedVac L 75 ¥k 45 % . Easy-nLC1200 & % & 4% .
Q-exacitve HF-X i1 (3¢ E Thermo /A #]); MOS-450/
AF-CD [& — 8, 3%1% (#: [ Biologic A #]); UV WinLab %¢
ANy E NGB (€ E Perkin Elmer 23 &)
1.3 W%
1.3.1  BFEBLRS

22 B E g, K T K AR
AT TEHLINR ZUE S 100 B, BrEmRR iy
MR 1:10 (m/VYIRG, BENPFEIE 2 h 5, HE
A PHUERE BT IR, AWK, DLEREMNE 2 K,
i JRVHE AR KT 24 h RS 2RISR
132 FaZE

£:7% PASTORELLO %M ik - s i, 5 28 4R
SRR HY SRR EL 2% i (phosphate buffer saline, PBS)iA
#(0.02 mol/L, pH 6.8 ¥ 1.59 g Na,HPO, 12H,0 3.51 g
NaH,PO,-2H,0 ¥ I 900 mL 28517k, i pH £ 6.8 J5 &
R 1 LYE 1:10 (m/V)IRA, 4°CHE S HE 2 h ), 3824 t/min,
4°CE.0> 30 min, HE FIEWR, VIEE KRR 2 K, -20°Ci%
el
133 BB AR

S LS ) IR AT B, B 10 mL &
FIV TR, W R IR e M AR B 2, 43 3ol A 7R 6 oK &8
20%MIFIBE . 40%I A | 60%FIEE . S0%INAIE, #E
1 h, 6000 r/min #5.0> 20 min JFUCETIIE; PUTES I
PBS it i3 ISR SUIER B E R E TSNS 4
4°CF X FLAE AT BT BR AR
1.3.4 BARELIE EAT

27 LIU %P0 )5 R A MBI Sephadex G-50
Medium[4r 25 Bl BRKEBRIE&E A : 1500~30000 Da; #i
B (R AL S F): 500~10000 Da]ikd 74385 2tifh, F-1rgs np
N pH 6.8, 0.05 mol/L 1Y PBS, PENI A% 0.15 mol/L
NaCl i F-H72% s, K 0.2 mL/min, #1160 cm, EAE
T 7%, SR A 280 nm KR T, URAER
b AL 45
135 &awik

R FH b ZbE kR BN SR TN M TR R E R R K
(sodium dodecyl sulfate polyacrylamide gel electrophoresis,
SDS-PAGE) X} 2 [ #E A7 4l BE % 2 P (i 4%k 4 1 A
12%45y B, IR EARRE 2 mg/mL, o IR
mARGHRE, FRiE SRR AR 4:1 (VIIRA,
100°CE& BRI 5 min, HIKLGHIG, L, B, Xf

HL YK BE S R T RUGCRAEH A H Quantity one # {4 HE 1K
EEET T e S L Vi
1.3.6 ke

¥ alifb i E 64T SDS-PAGE . % T2 ik e (4,
PIF H IR A&, K 50% 2 85 F1 100% 206 H i
50 mmol/L NH,HCO; fR K 2% o F 10 mmol/L =(2-3R Z.3%)
J¥§[Tris (2-carboxyethyl) phosphine, TCEP]#£ 100 mmol/L
NH,HCO; HZ A K 30 min, F 55 mmol/L fft £ B AE
100 mmol/L NH,HCO; H, #6454 T 47Tk 3L Ak 30 min,
ZJ&, Fi 100 mmol/L NH,HCO; Fl 100%Z. [ BE 4B
RGBS WA T &5, 1 12.5 ng/ul & AR
50 mmol/L NH,HCO; #1F 37°C Nilfk 16 h, A 50%2Z. N
/5% HRHEEL 2 IR, FEZSS AT, B 0.1%F iR
A, H MonoSpin™ C g ti%45(1.5 mmx10 pm, 200 A)Jfi
i, RIE B WRAUT 5.

AR Zol A R 0.1%F BRKIEWR, ZZnp
W B R 0.1%HIR-80% NG SEURbT, SrHrliR B &
55°C. RRBLAT B0 s A IR ER 24 0.1%, 0~1 min, B
TRAMEREE 2%~10%; 1~81 min, B R MEME 10%~35%;
81~96 min, B MR 35%~60%; 96~111 min, B £k
B 60%~100%, 111~120 min; B ZEMEMSEE 100%, ik
%>k 300 nL/min.

Fi %A% 8 Q Exactive Orbitrap Ji i {3 (A% 16 5T %
(tandem mass spectrometry, MS/MS)IHAT43Hr o 1343 PE
R E R 70000, H zhHE 25 15 6 (automatic gain control,
AGC)HFr N 3¢°. MS/MS FIHH M HERILE A 17500, FES
%M 1.8 m/z, AGC HErH 5¢°. MS F1 MS/MS $3 R4
FERBEI R 1 IR, BREFIEAREST51 50 ms #1100 ms.
R ARG RAE 20 A d5m i B BRI s
Xof KB R HEA T 0T, MS T Sh REFIROR €233 175 571
KAEE R Xcalibur $0HE &R G080
137 hiksd%zE

K WB T, % 155350 5 kIt o e el 4l
1B Car i 1 AL =R EH EIR- T e L mi iR oy -
TN 05 T Ji B8 T2 (tricine-SDS-PAGE) L UK 43 &5 J, i i 75 i
1 B 7% 2 il AL 2T 4k (nitrocellulose, NC)IE |, 3R &4 h
100 V, 400 mA, 60 min. 45 H )5 1 WB Pt P 34 BH
30 min, JILA 1:80 (V/V)Hi B0 28 AR S5k S8 5 19 i v, 4°C
JEE 12 h; & 0.1%0m3E-20 1) PBS PEEZJEHIA 1:5000
VIR A RPN P, EHEIME 1 h; TBST
RS 1:60 (V/V)Fs B HRP-TA7 R A2, SIS 1 h,
PRI T i Y Ak 2 % e B S BT o B g A
WIERRIR EiE T,

1.3.8 EHRL M EAT

Sk —A WU P00k, K aif i & e R —

ORI I R 5K . AR RRENSET, WSk
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PR FRP KR 190~240 nm, AR5 R HOE R
0.2 mg/mL, F¥HEMEHE N 60 nm/min, A MEHEN
1 mm, 7458 1 nm. 255 @R — @ljaﬁféfﬁﬁiA#F
(http://dichroweb.cryst.bbk.ac. uk/html/process shtml) Xt %
SR oM, 1SRRI E R *ﬁ%ﬁiﬁ‘ﬁﬂ:
T

Z W ZHANG 5P ik, #aifb i il uv
WinLab 54036 BE TR =90 454 . W7 45040
PRy 250~360 nm, FLEAIERH | om, BETHH
JE4 100 nmymin, YEGEAT R 2.0 nm, WREER 0.2 s, P
[EJFEH 1.0 nm, EEFIRESABTRHREZ Y 0.2 mg/mL, {ABUN 1 mL.
139 &OEFAMFENLH

2 A IH S5 PO DR A TR A B, SR T i
SEWIE B VR, DAAR I U O AR, VR T
VEMNZR, B B URE Gl R B o ViR B T LIOKT IO, VS A P R L,
RIS B0 /AR F g, TR Car i 1 AT
R mAR).

A5 2 Cari 1R

1% /Y= — S x100% (1
R emEn e %

1.4 HiELIE

RS 3 VAT, Bl R A SPSS geit ot
AF(IBM SPSS Statistics 26), BdiEFER A Origin # 44
(2018 64Bit)Lh Jz WPS 2023 #F474bHE, MUk &5 WB 451
& ff I Image Lab BGRB8 204 74 HE

2 HRED

21 HMEEER

Wi 1 froR, {8 pH H 6.8 1Y 0.02 mol/L PBS, 1
EHCRIBUIR B 5 =1:10 (m/V)f FLBITE 4°CHEATIRAR 2 h,
6000 r/min B5.0> 20 min, B ETERIAE HBRIE R .
2 T L W o B R B R T e, P PBS 5 1K
SRR (B VR o 18.2 mg/mL, £ 2 YIRBUHRLE
FIBTER MR BELE 8.5 mg/mL, %5 3 UKHEIAHLER M1 BT i vk BE
LA 0.7 mg/mL. HARE ARG EEAERA R4 52
i, (BARBOREGA TS 3 Wk, MIRE O WY BT,
WIFEHMEM Cari | WA EARARMK, B IS P  EH
LR A A I T IR 2255
22 MRREIUES S

FH 10 mL ML LV, 20BN ABRER 8 K 2 20%
TR . 40%IEAE . 60%IEFE . S0%IRAIE, #E 1h,
6000 r/min £§.0> 20 min JEWCERTTNE; 4 RITVEW S5 PBS ¥
fiff, FIKITA LR L. W 2 FOR, JkiE D 7

FATFRD, ZRBEFH T, FRRASHI(17 kD) HEZY 14.6%,

HHAWEASREAR D TRZEREF 8 kDa Ll E, AL
BUBGLIE NS D A TiE—2P 90, 264k Cari 1.

180.0 kDa
130.0 kDa
100.0 kDa

70.0 kDa
55.0 kDa

40.0 kDa
35.0kDa

25.0kDa

Caril
15.0 kDa

M 1 2 3

H: M: Maker; 1: PBS B ¥RIZIR; 2: PBS 28 2 IR
3: PBS % 3 IR .
Bl FARSUHIASE T SDS-PAGE

Fig.1 SDS-PAGE diagram of crude protein extracted
from Carya illinoensis

100.0 kDa |[sss y
L~
—

30.0kDa s -l

25.0 kDa —

20.0kDa =

15.0kDa =

10.0kDa =

5.0kDa
3.5kDa .-

M A B C D E F G H
H: M: Maker; A: 20%/# BR80T T L35 B: 40%H5i B8 £ Ui de L3
W C: 60%BRBRELULTE 115 D: 0% BR A TTTE 35 W;
E: 20%MRBRER T IE B IV F: 40%RBRER T TE B I VA K ;
G: 60%BRERE I TE ST L H: 80%Bm BREITLVE B VST T -
K2 ZHRAHE AR EVIE SDS-PAGE

Fig.2 SDS-PAGE diagram of crude protein of Carya illinoensis
ammonium sulfate precipitation

2.3 HBUR Caril BU4i{L

AR IR AR T, R BRI I8 2B
Ay B A B IR R 1 Car 1 1, 345 THOEROK, AR
AR R 3 TR, FEWE 1 (P18 Rt v 4l i B0
JREHA Cari 1, B FMRHFESF Cari 1 4 FEme, L
B e p e e R ol B, B 1 4 SR B AR (B kAT
SDS-PAGE #EME LTk, AT DL 1 WeAR B 0 & I HLIK 25 R TC
W 28R, IR R, Cari | (4L AT A 96.1%.

24 HBE Caril RIELE

fifbJR I E AL RIK . e, PRI AR TR
e I5 ] MS/MS #EA7 204, REIRY KB G R IR 1.
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F3 M P3
' |
20F Pl
l 100.0 kDa
o
E P2 30.0 kDa
oe 10F 25.0 kDa
{m 20.0 kDa
15.0kDa
0F 10.0 kD
5.0 kD
1 1 1 1 3 5 kD
0 200 400 600
Ve AT /mL
A BB IRIZHTIIZR; B: BERCT IR)EAT S TR AR 1Y SDS-PAGE HL K El; M: Maker,
P1. P2, P3 435X B BEMCS I8 AT TR 1 o i A0 1, 08 2, W 3
3 BECAUEE M4 B AR R B B Cari 1
Fig.3 Carya illinoensis allergen Car i 1 extract on size exclusion chromatography
Fz1 BREBEUFE Caril WMAKE
Table 1 Identification of peptides in Carya illinoensis allergen Car i 1 by mass spectroscopy
AR L LR A RRBLT 5 BR B 5t £ /Da
50 56 QQYLNR 821.42
56 62 CQDYLR 854.38
81 100 QCCQQLSQMEEQCQCEGLR 2487.97
104 113 QQQQEEGIR 1115.54
104 129 QQQQEEGIRGEEMEEMVQCASDLPK 2981.29
113 129 GEEMEEMVQCASDLPK 1884.76
129 136 ECGISSR 808.36

FERELAEINE] 7 4% Car i 1 BYFFIEAREL, S5oCHkp#GE R
Car i 1 AJREA Y 7 DR ARYIIR B —B), BRfs S IkAh
Ko H A IR BE 7 5 3Rl 44.05%, Bl N E LB A
HAREUKIR Cari 1,
2.5 HHUFE Caril BILERBILE

YR —Fhal & . &0 Hm B A i ik, g
B3 32 13 A T 26 1 5 A A S R RS (g R AEPS R
JAZEMR A T R I, X SEARSHIR A T . 80%MR AR
BRUUVE b3 W AR VRN EA Y H AR R AT e B A,
SERME 4 PR, MEATGE . BRI _LIE Wk E Al
alifb i’ BhreE UK ESA B, H 3 AN IKEHGER S Cari 1
X 3 Aoy AR S SR 2 I 3 B R SRR 1 I T AT BRI
JE, e A S 43 B A9 B S AR SR, AN
Car i 1 SRPEIGPELRFE R AT TEAifb R VKA b, AULIE
XF Car i 1S, BREREL MR /3 h A — 4% 55 kDa 2245
FR 2T R o M T 1R, AT B S2 Car i 2 3K Car i 41714,
Thid i — L IR ARSI, (HAifb 5B 2o bR Iy iR

B, XA~ 55 kDa BZ&AFSEBAYE, 10 Car i 1 2% U L B
Yot LSS RAEN, Car i 1 AURFEMR A EREHUR, &
AT RES A R R A A S RN

2.6 HBJE Caril RULEMIRIE

He i p AR BUIRE T Car 1 1 FIIB — G356
I 2254, IO OEBETHG I = e 254, 1533
R EE SR E 5 iR 8 — a3 (circular dichroism, CD)
JEHETE L 5 AP X HAT IREE LA 5, IFRE S R 11 BURRAE
TREER I RPN S AT L Y, SO  Car
i 175 193 nm AbA7 F RN, 222 nm (-2 € IR EEAY n-n*
BRAT )AL A — A RRAE A W 1, R B EE A b B R A
T8 a-BRTESSHY . i B — OISR AT, SRR a-
IRHES R 24.3%, pArEG R 28.4%, pHEME RS
9.3%, JCHLASH ik b7 38.0%, X HHES 25 FIEIFE
A AR AEAR A

F BRI SME R E RS R EIR . (R LA
TN S TR R U AT OGP, S Ak 4R G T FT L A
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250~280 nm P A BRI, SHIE T Jug r 182K Ana o
3B, XS RIE X 3 FhEE LA — R S F AR L Y
ERAIRFUY . 0T A SRR 0 0 B 1 0 TR Bl X
TERAS TR T AR, 0 7 R R TR B 5 1 I ik 22 i) B G D —

A '1

BRI R RS e ALY . O RV Cari 1 2
FH R B 5 /N1 650 1o i i e 2 A S D SR,
X ATREXT 250~280 nm FYR I IE ™ AR SN, ST GIA (R 1AL
B DL S P S A R (0 e PR ) A A W 0

2 3 1 2 3
E
— -
-
— -'-—-

aa

T A UKL B SRR FO A I3 b L3 B BT ] C~E 430 g 3 S 5 AR R A SR8 3 L V7 S IV SE 1
M: PRUESE [ Maker; 1: EARSAR FUMIRY); 20 AR 80%0n BRE T vE R 3: 4ifkiy Cari 1.
K4 FEARLEHTE Caril B9 Western blotting 4347

Fig.4 Western blotting analysis of Carya illinoensis allergen Car i 1
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Fig.5 CD spectra (A), structural unit composition (B) and ultraviolet spectrum (C) of the Carya illinoensis allergen Car i 1
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2.7 BRREHE Caril WISERFEITE

O AT B PR S PR EE, SRR R, SRR S5 R
M Cari | M EAHHLEAN 2%, AUF5EH, 100 g 32
FRAEF AR AP aT LIS 302 35 g FRARBBIAR K, £ 10 g AR
JERE BE £ 29 33 mg HWEE M Cari 1, B34 65%.
FEBERS LG R HTE o B Al Ak R b, BRR AR 80%Mi R #L
Sy B S mLGE ARV 9.6 mg/mL), AJ4lifkik
% Cari 1 25 5 mg, AENSSCEN SRR A9 W AL 45

3 4 i

DA R sk, o s aifb TR B A2 95%
RN B FFIHE A Cari 1, BIFRN 65%, HULH
5 mg EABEURER Car i 1 19, difbEAFRTTH
B RAER, REER AT 3 A7 SRR S R ) I
PU . A Jrikalifh Cari | BEARBEZ 5 . XA EERAL
Hil gk, Nt — DU EARRBEUR Cari 1 BIL5H
VIREZEE T Yol

RPN
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