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Expression and crystallographic studies of a fungal
immunomodulatory protein L.Z-8 from a medicinal
fungus Ganoderma lucidum
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Abstract: LZ-8 protein, isolated from a well known Chinese traditional medicinal fungus Ganoderma lucidum, is the first
member of fungal immunomodulatory protein, members of which have been isolated from a variety of medicinal and edible
mushrooms in the last two decades. The protein plays a multifunctional and important role in modulating immune system. In this
report, in order to get LZ-8 protein crystals, the LZ-8 gene was expressed and purified by affinity chromatography, gel filtration
chromatography and anion exchange chromatography subsequently. The protein was then crystallized using the hanging-drop
vapour-diffusion method. The LZ-8 crystals were obtained and the phase information was calculated by X-ray diffraction. The
resolution of LZ-8 crystals is 3.2A. This study will provide an insight into the structure of fungal immunomodulatory proteins.
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FIEMAE A 2Ry R, e R 2 k)
) L T SR 28 JE 5 2 11 LZ-8 (LingZhi-8)Psy 7 ik JL
AT A

1989 4 HARHEZ Kino B WM R Z 1 2 A
PR T AN 11 A EIERRI Y 12 kDa K/h
NP TFEA—LZ8 . ZJa, FHEER XN,
BHAFEWERE G tsugae™ | 441145 Flammulina
velutipers'" | H4§ Volvariella volvacea® . 4%
Antrodia camphorata® | % G. sinensis'"V35 EL 15 1# 24
SRR TR AR LZ-8 AR AL
HA, B - REAARE N EA SR, b
2N EE AT #E H (Fungal immunomodulatory
protein, FIP) Zji%. M LZ-8 MAREM X —HE ARG
AARZRMMN R W6, 7EIRSN, LZ-8 AT LA
3 DBA/2 /N AR ABEYE T BURE BRI/ BRI I
B 200 V096 A, A0 B A% AT A VR 1 AR 5 R 4
(DC) Ay 3% Ak A U0 EL A PR S R R A 1
LZ-8 & [ 0] LA a2F 5 I 200 6 7% 7 s/ P U sk g
B Y RE A L T HE S R R R A S, (HA S
DRI Ay 22l sl 2 BB (0 I AT 32 200 R e
LZ-8 A LA ik AERE P 1 R0HE s /N Bl eh B B
B B 3R G e B 1 I B R 28 1) 2 A=) ] P R %
BT R B (Arthus) 3o S0 2P, AT AR R 2
LZ-8 5 1 RERE A il i ARk DR B R iy b A =21,
PR b 7 B A AR R I 19 /N BRI I TR 5 LZ-8 4R
F AT DA S B A HE S s ny, eV A
bk, LZ-8 AT LIS HE BB 237 ICAM-1 Ry Ris1,
M AR 3T 4928 435 55 HE A 20 7t 43 - 18] 79 A B %%
A, VAR BIRAE e T DR, [FIRF, 5 LZ-8 4
H 2 LR 7 91 58 4 AR W) B A A2 R 2 S e i 1 8
(FIP-gts) A LAGEFE A ZEA1 ] bk I 40 A 40 0 1 4 R
2 (IL-2). FAZ 4 (IL-4) . IEIRSEAF o (TNF-a) F
FHLE v (INF-y) S0P F0), 35 AR AR 5 .

BAREL LZ-8 8 AR R B R R 1
FEMIREC 21443 T 207 mipist, SRmx2EE
F AR AL A 15 2R G B A . B TR F
MR A YeE T E AT R A R IRe, B
I BT =R 551 1 BIF T BE % AR BT - 875 2 1 VR ]
PL . 2003 4, IZF RIS —A SRS ——a 4
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W (FIP-fve) B SHIALE M Wb, it
XA GG SRR 05 TR T, SRTIEAR
RE 76 4 BIZ B (I RGN REALHIT T Ao A
JFK R G Rk T LZ-8 &, KB
BORBRIE AL, FIH X-6aMmIRAT H AR kS
LZ-8 H AE PR Ny 3.2 A 25 [R5 15 L

1 57

1.1 E#H5RA

RE G lucidum HEFY 444 b EBLEBEUEY)
WEFE i SRR i d it s RTS8 E. coli DH5a,
kT EW E. coli BL21(DE3), ZFiAFkL pET21a
1.2 ik Fass Rl

FEER. BRI ) Oxoid A F] . & FF T.H
fiti . I4A dNTPs. DNA HLJK/>FEARE. pMDIS-T
simple ZfA W K 3% TaKaRa 2 ), Bk BORF] &
Wy 3 AL 5 R B s A W R A 7] o DNA BEKE D
& F Promega /3 ). Ni-NTA Agarose I 1 GE
vl o BCA 85 H MBI %E 357 &% H Thermo Fisher
AT, 4y TR Superdex 75 10/300 GL HIFH 25 158
#i4¥ Resource Q 5 Amersham Bioscience 23 H A=
7= iR R &W B Hampton Research 23 A .
51906 BRI S FR b Y B B A B AR A BR 2
58 o A2 A Al Sy i 1 sl o A aliaaR
1.3 $E5FE

LB 195 NaCl10 g/L, A 10 g/L, Bk
Y 5 g/L, Amp Z¥EJE 100 pg/mL, PDA ZE4 5
FEHL . WA 20 g/L; EE PR 3.0 g/L; KH,PO,
3.0 g/L; MgS0,4-7H,0 1.5 g/L; 442 B, 20 mg/L;
OB UR (K 5485 200 g, PIRU/NR, ik
1.0 L& 30 min, JEEL ST, KiEmsh 22
1.0L); pH 6.0,
1.4 EHFRH pET21a-LZ-8 Y32

W IRl 444 7 PDA 55 B3R 5055 2 WA, I
Hwizerk, BT LZ-8 HEPAEHE TR, HILF
FH B -5 1% 42 BU R () 36 I 41 DNA fEF PCR X
IR . PCR BN A5FFANT 2 95°C 3 min; 95°C
30s, 55°C 30s, 72°C 45s, fE¥ 30 %; 72°C 10 min,
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PCR 31 F: F: 5-GGAATTCCATATGATGTCCG
ACACTGCCTTGAT-3', R: 5-GGAATTCTTAATGAT
GATGATGATGATGAGTTCCACTGGGCG-3', 5%
R &A%k 6 4~ His 19)¥51, F F R 43515 H Nde 1
M EcoR T I BR MR D075 (T RIZ38 5 Mg b 1z
SO, CBYRE E W R BEA D) L il R R
KR pET21a b, WEE A k. pET21a-LZ-8,
2 TR 8 i i U) % E I DNA I R g O L v
k.
1.5 rLZ-8 EAMFIEA L

W A R LA BL21(DE3) B2 254,
16 37°C 41 FH 1 mmol/L IPTG 5% 4 h, 158 AlE
PERBWHMWER ., KERE . BEEE, K
LR3I V5 Ni-NTA Agarose 454 2 ho ZJEH
200 mmol/L FYPKMEZ e H & A . Wi fs it —
A3 3 I 2 AT 1 R ) S A4 R AT A B Al Ak
A His-tag ) rLZ-8 #H .
1.6 rLZ-8 EAMEEFEK

FIFHZS SR &, SR BT IA L 1LZ-8 B
AL NS S 3 A TR U ) B 3 O QAR TR VG179 N
VR pH LA PR BEHEAT LA . AL DITE
A 0.6 mol/L VB f1 M2 4 4/ (Potassium sodium
tartrate), ZZ ¥R 0.1 mol/L 1,3-— [ = (FFH ) H
K ] ke (Bis-tris propane), pH 7.5 # 51F T 3515
LRSI SRR, BER R RN S mg/mL.
1.7 PR L

FIFH 53 F B AL AT 454

2 HR

2.1 FELERE pET21a-LZ-8 FIEFNRKIX

PR Z R F 4 DNA KB, PCR ¥ 1978
2| LZ-8 H[H v B, alifb o iU ¥ % B2 7E pMD18-T
simple & [, £ 7% PCR FIREEI K E )5, PRHL
FRVESERE, $EEUSURL, TR Nde 1 F1 EcoR 147
XUV o [l e 4 A SURG V) 5 3545 0 B, % 4 3
pET21a 8R4k #4155 (b A KB FF 1 DHSa,
PRECBHPE se b, SR ORI T R D) S5, B )5 EAT
WP gk, ARG EA Tk 440 pET21a-LZ-8
(& 1),

Bl1 LZ-8E[F PCR ¥ 8% BHRANEEE
Fig. 1
digestion of the recombinant plasmid. (A) PCR amplification of
LZ-8 gene. M: DNA marker; 1: PCR product of LZ-8. (B)
Double enzyme digestion of the recombinant plasmid. M: DNA
marker; 2: double enzyme digestion of pET21a-LZ-8 by Nde 1
and EcoR 1.

PCR amplification of LZ-8 gene and double enzyme

2.2 rLZ-8 EHHIFRIEAL

4 DU P 6 5 I B A o 2 TORE B AN Gk TE A
BL21(DE3) ", HRECH iS5 AR SR, 7E ODsgo
1K %5] 0.4~0.6 Z Al if fil A 1 mmol/L IPTG #1715 53
ik, SDS-PAGE Zr#Hr#& W], fE4%ik 14 kDa &b —5%
B H A . B 2R A S B0, HNE
HUATE S e, RsERe (8 2),

kDa M 1 2 3 4 5

AR =
450 —* Dt 5 -
! L - —
30.0 —
20.1 —

— 2
la— e W

2 SDS-PAGE % #fi rLZ-8 ik =4

Fig. 2 SDS-PAGE analysis of the expression of rLZ-8. M:
protein marker; 1-3: rLZ-8 expression after induced by IPTG;
4: negative control; 5: the supernatant after sonicating the cells
expressing rLZ-8.

VB P 2L AN B 7 I TE 4°CTF 16 000 r/min 5
FEELD 10 min, B 755 Ni-NTA Agarose 454 4 h,
F 50 mmol/L BRMEE T VR4S & B2 A iy 2
H B 28 AR FAR #E, 25 200 mmol/L [y
DRI VRO H R R . eI T R iy H Y 2R
H 22N 5 mL, filkEZ Superdex 75 10/300 GL
HEATEENC E AT . EWE YRR 4 SDS-PAGE $ ik
LZ-8 B o2 A7 5 1Y 73 15 294 28 kDa,
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EEFE R RIKG 15>+ KN, B4 His-tag
) rLZ-8 F 5 RKIREM LZ-8 HH—HELUZ
BRI LA (B 3). B R i e, W4
| 5mL Ay, HE B E A 2k — P alifl
it SDS-PAGE MG IE, FIESF3cH#Z i g
EHNEHER (B 4),

141516 M1819 2024 25 26

500 r

0 20 40 60 80 100
Volume (mL)

3 rLZ-8 EB S TiHEME
Fig. 3 Superdex 75 gel filtration profile of the rLZ-8 protein.
The main peak is rLZ-8 protein.

mAU| — UV280 M
2500 F — Cond
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B4 rLZ-8 EHPBEFRIRERE

Fig. 4 Further purification of the rLZ-8 protein by anion
exchange. M: protein marker. The main peak is rLZ-8 protein.

2.3 rLZ-8 EEMKAEAC

BB 7 ac e B ali Ak Je 320 T ) Bk
4% %2 5 mg/mL PHREE , F TR LR R kR &
XA AT AR AR ORI B . FERITRZS 24 h S,
WL BAE Salt LA K Crystal il &1 22 NE&MFA
mfR R Xeray 5T E 2B AT MK, 9
7 I 1) 2R AR AR N , JARAS RN, AR 22/
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IR A R AE—, AT REAL (B 5A). ZJa, Xt
)7 o A A AR | R S AR R A T R B ik
R pH (YA BENLAE, £E 0.6 mol/L I 41 FRET# L
JEF] . 0.1 mol/L Bis-tris propane & (pH 7.5)
AR T PR 3.2 A ik, fatiife
) AR, TR BN 75008, Sk
BASRAR, T H RS, PR EGE (K 5B).

B 5 #F (A) RIAL B) FH8 rLZ-8 BIART
Fig. 5 [Initial (A) and optimized (B) crystals of the rLZ-8
protein.

2.4 rLZ-8 &RNTS BRI E

FIH X-ray A8 A& WAEAL)S /2 15T S A
T R AT ST A (B 6). TRALEE = 3.2 A
mn KB T P6,22 &5 I HE, A IS 8o ok
a=b=76.473 A, c=177.476 A, a=B=90°, y=120°, i
T HE— 2 1 R TT LA B 258 (R 1), H
T T 8 R FH 438 B 04 5 T304 7 45 R F AT

®1 rLZ-8 EA&REMLITHEE

Table 1 X-ray diffraction data of the rLZ-8 protein

X-ray diffraction data

55043 /92913

a=b=76.473, c=177.476
a=p=90°, y=120°

Number of reflection (unique / total)

Unite cell parameters (A)

Space group P6422
Resolution range (A) 3.20-50.00
Complateness (%) 99.3 (199.8)

Rmerge (%) 0.071 (0.465)
54.164 (7.543)

1.54178

I/ sigma

Wavelength (A)
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El6 rLZ-8 EHMGK X HLITHE
Fig. 6 Typical diffraction pattern of the rLZ-8 protein.

3 9tk

AR SCE A% RS, R His-tag R 24
PP LZ-8, Sl 1 R AT R R AR
H, 5KA LZ-8 E AR, H R RIEKEH ., KA
) LZ-8 T ASH Met, Cys. His™', FrLAEA]
JE R AR AR IR B SRR . T ER LR
LZ-8 FE WA Cys, Met, L4 HE WSk
RSN AR T AR A —RIRE . XS5
ZRREHTEER B FIP-fve —3, LZ-8 15 FIP-fve £ 2 &
B 750 EABAAMEAR &5, DU LZ-8 5 FIP-fve W% A
ARABLLI) SRR ZE G o 38 5k 3 — S5 F 1 il — 2B AT
AL S R L T S R Y R I LA 1 S Y T g
AR RSP

RIS T LZ-8 B s ik, oF Bk
T 32 A WEHE, Wi A IR, SR
RS TEFHIOL A HE S, A 0o T A 5 40 1) e AT 42 it R
TR B, M IRRELL LZ-8 8 1 AR R A BT s R
T R DI RE LA SO 12 R B A B B L T S
FEAil

AT EARNF LZ-8 1 iRk ATt 2 ik, 1
AR B oy PR TR R LZ-8 dn iR A
BER, 5 A B TRDE AT HES DA 3
SHERAN R L R R, W R AR AR
18 SR AR RGEEE KA B T IR IE BOR 7 HES
PNTIRLE e & 27y =

XFHE 2 LZ-8 S5 K e ife a2 A I X LZ-8

HAITRIREILHI 2t — LT . R, X Bh4sH
HIFFET5 85 T LA T v R 2 i A 2R A S5 e 2
REMTE, W FRIE A BRSNS i 3 22 585
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(4 TLIESIR) FWEHBSTFER

1. BEGRCE T2 AR REFHEMREN . ik, 48R AR RE). HIY (Purpose):
TEUWIVEE S HOCE R H 89, sl WA SO 2B e (R 7k (Methods): E i B WVERE 19 £ 2T AR
AR ST T o B SCRE NG 22, ATTEMIAR0E . A 2 A o 4528 (Results): AR
R ZE R LR BEESST). 4518 (Conclusions): UNRIFEARIPIFY, N5 WA AT ZAL, KCEETHS
TR IR BT s A ER SRR ST, LR AT BE $ AR SCEE SRS 18 B R FH T R A0 19 0 s H St

2. LEARE . WFRISIRNAERE K. ACKIHE REE, JTHEEEHEE A S M T,

3. SESCH B IR B SOOI Y N AL RSO B, R S B TR R S S SE R
S5 LTSRS B MV RS YL G D RS PR [T 2 . NURAT B BRI, RV AR b m] Lk )]
T AYACE, AT R R 3

(1) BBEHF—AFR, KA = AR shifi .

() BBUH LB, Sl SRR R AR, kel LI tr 2K A), DIOR TR SIEM .

(3) S G A ), R R AR A A T TER RS OSSR A BRI i

(4) HHENCG A WA, A IER, AT,

(5) MR A S, BRIEZIREE A NS RN (IDNA ., ATPAF), BUEHHSRAER I, 1HH
REZWAEIEA RS, I HAES— K BN 25 2K

(6) FEJLBHE A, AR DUF AT, Ailtra . 55, B, &5

(7) AT BT Sk A d e AN A R o

Journals.im.ac.cn



