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Abstract: Objective To explore the production and properties of matallothionein (MT) in Cordyceps kyusyuensis under the zinc ion
(Zn*") stress. Methods By adding ZnSOy to the culture, the production regularity of MT in C. kyusyuensis under Zn>" stress was
explored. Ultrasonic cell disruption, crude extraction, and gel column chromatography were employed to isolate and purify the MT.
The methods of Coomassie brilliant blue, electron spray mass spectrometry (ESMS), Ellman’s reagent colorimetry, atomic flame
absorption spectrometry, silver saturation method with atomic absorption spectrometry analysis, and amino acid analyzer were used to
determine the purity, molecular weight, sulthydryl content, zinc content, MT content, and amino acid composition, respectively. In
addition, the anti-oxidative activity was identified by scavenging capacity of hydroxyl radicals (HO¢), DPPH radicals (DPPH*), and
superoxide anion radicals (0§ ). Results The contents of Zn and MT in mycelia increased strikingly with the increase of Zn**
concentration (0—15 g/L) in the culture medium. In 10 L fermenter, MT achieved the maximum yield up to 14.335 mg/g mycelium
(wet weight) with Zn concentration of 15 g/L in 56 h, and the biomass reached 16.921 g/L. The C. kyusyuensis Zn-MT was obtained
with Sephadex G-50 and Sephadex G-25 gel filtration, and dried by vacuum freeze-drying. The molecular weight of the protein was 6

750, one molecule Zn-MT binded six zinc atoms and contained 56 molecules of amino acid, which contained 20 molecules of cysteine
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and one molecule of histidine. The eliminating action of C. kyusyuensis Zn-MT for HOe, DPPHe, and O, was better than that of

glutathione, and the eliminating action was different in o§ > DPPHe<> HO~-. The concentration of half clearance rate was 71.49, 80.58,

and 100.65 mg/L. Conclusion

According to ultraviolet scan pattern analysis, protein column chromatogram analysis,

physicochemical properties, and anti-oxidative activity of C. kyusyuensis Zn-MT, it is similar with the characteristics of standard

animal MT, and a certain concentration of zinc sulfate liquid fermentation of C. kyusyuensis could induce the synthesis of Zn-MT,

which could provide the reliable theoretical basis for the industrial production.

Key words: Cordyceps kyusyuensis (Fr.) Link; matallothionein; separation and purification; amino acid composition; anti-oxidative

activity
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44.0%), FA B WME RS FIRERR, S8)E
& (BE5rF MT L4585 4~ 13 DN SRR R
R, MT 2Pk NI B 1A R 2 S 1) B
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285.2 nm, k4% 3 mm, XJHLUT 5 mA, ATHLE 170 V,
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HIASE Zn™ 3 S IUM BB A B MT f iR %
15 g/Lo

140 -

——7n
120 F ——MT 110
~ 100 - b o Ton
2 80T 2
H 6 £
I 60 =
S 40 4=
20 -
0 ‘ ‘ ‘
0 5 10 15 20
Zn*t /(gL ™Y
Bl ERERFRRERE Zn” THELKS Zn ME
FMT B2

Fig. 1 Contents of Zn and MT in mycelia with different
Zn? concentration
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KN 16.921 g/L, W 224k ) MT [ EI$E 5 14.335
mg/g BRI TR . LA T KIFEZ RUR 56 he

20 16

—_
[=)}

—_
(=]

S
MT/ (mg-g ")

W /(gL

(= S = ]

0 16 32 48 64
t/h
2 AEIBEPAMBEEYES MT HIE
Fig. 2 Mycelia biomass and MT contents of C. kyusyuensis

in fermentation process
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W, DU R 2248 NN 4 mL 1 mol/L NaOH ¥
LB INA NaOH ¥, #ericdtis), H 0.05
mol/L [ 5 pH (H % 8.5, H T 100 W i)
F B PRI 40 min, JRAJJ5 4 °C. 5000 r/min
B0 20 mine HUEIEWT 80 Tk h A MR 2%
HAB 10~15 min, @, 4 ‘C. 8000 r/min
L 25 min, HCEIEAH, MR IF il ILAEFR .

2.3.2 HHFEHCHR M E I BOE IR AE ] R R
WAE pH {4 8.5 Al 2.0 &4+ F, T 210~310 nm
RO HATIELL AR, MR 1 nm. HAL R
SRR IR AR O TSR AE L (& 3D Ju i
BESE 5 R EAE 210~300 nm LB B JE I, %00
FRIES S MT DGR EAH L . 75 254 nm &b MT
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Fig. 3 Ultraviolet absorption spectra of Zn-MT
in crude extract solution
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gl VeI, AR R 0.6 mL/min, 4 10 438k
148, AT maith, WE Zn 4561 MT 41
55, BREARURTIRAF BN R Zn-MT 4l .
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Fig. 4 Sephadex G-50 gel filtration column separation
of crude extract from C. kyusyuensis
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Fig. 5 ESMS spectrum of Zn-MT in C. kyusyuensis
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M, Sigma A 7)) ; KK 440 nm Fl 570 nm;
EFE R 50 uLs 23 B INFA] 70 min.

YERRR B MT YR T8 5 mg, 6 mLIKEH 6
mol/L HCl %Wk, T 110 CEARA F/KAE 24 h,
JEEE I 1 mL KR 0.02 mol/L NaOH il i & 4
h, H1 0.1 mol/L ¥ HC1 ¥ A1 f5 H1 0.02 mol/L HC1
WHFRET 250 mL &I, FHLOTEIER. 7
W5 mg FF i IS PR AEATE AL A it 5 B AL
Cys [,

M 1 RIS E 25 R B, UM R
Zn-MT BEGEIET 56 NMEIER. Hd, sikHR
B, WHER. FER. 2R FLE R
IR BEERIAT 114, 47 19.6%: Cys20 4>, /7
35.7%, Cys $tH 5 “2.3.3” Wi si3e$ HAAF, &
EHANHAR, H1.8%. 1M K FLEY) MT
LU/ BURFIE MT-IT DU, 340 75 4 184> Cys,
HAIEE G 74 Zn Ji 1, Hrf Cys o5 28%, Bi/KZ
BB T 22.7%, ASEATA Y A i SR e A 2 -
X B B ASHIE T R UL B MT 5 78 (¥ L 5
¥ MT CBLNEFIE MT-IT 860 #1284 Y34k,
I H ST X 28 MT B /K55 T34 MT,

£1 AMBEE Zn-MT SEBRH S
Table 1 Amino acid composition of Zn-MT
from C. kyusyuensis

AHER TR/ % BRILEL ARIEEE
Cys 34.700 1 20.1 20
REAR 9.681 8 5.1 5
AR 1.492 1 0.9 1
22 F IR 0 0 0
BHIR 17.240 0 9.2 9
iR 3.744 0 23 2
HE® 53648 4.9 5
N 0.2349 0.2 0
HETR 8.177 1 4.7 5
R R 0.236 2 0 0
SRR 42556 2.8 3
AR 2.441 6 1.2 1
A 0.091 7 0 0
HEE R 2.599 6 1.2 1
AR 42265 2 2
AR 4.949 7 22 2
[y 0 0 0
5%y 99.4357 56.4 56

AR (B R A ) SR G A, $m T 8 A sl
A= 28, BT UM L5 MT () Db AL R A 7
25 AIMHBEE Zn-MT B E L%

251 JUNHEE Zn-MT X33E [ 2L («OHD (13
BRVEH  ~OH HAM s A, & BRI
DTSRI TR, A2 H AT R 1 A 8 H 2 o AR
YRR R fEE R M AR, KEPFI
WEW], MT #1 GSH %f-OH [¥iEkfe R, L
GSH #PR-OH [FIRCRAE A FE G BR-OH fig J11EL
B, DA BURIR (0 2o VR N I . 4% STk
U . ESE R (K 6) T4, JEERe-OH K
REJIBEA Zn-MT it i 3 hn i 3 Ko, H
AP B0 BRI (ICs0) A 100.65 mg/L, GSH
ff) ICso N 61.85 mg/L, H. Zn*"%fOH JL-P-BAT 5 4
EF . JUMHUEE Zn-MT 35 F%-OH [1Ifig 11591 GSH.
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Fig. 6 Hydroxyl radical eliminating abilitity

of Zn-MT in C. kyusyuensis

252 JuM A Zn-MT %} DPPH H 115 (DPPH.)
(s BRAVE]  DPPHe /& —Fi 58 B (A 1 A I e i 1k
A%, T 517 nm BKAAE BRI, EH R
W IIN 1 FH I BRI (0 R (0 ) B (0 A
1, BB RS S I IS BRI R R .
WIEFE 517 nm &b A (K VY. H B EERH BRI
JE, R H LR R e, A Y,
JUM B Zn-MT %% DPPHe[¥ft 1 5 GSH 1L
B, LA R Zo® YRR it R . F ok
JivEN U s, G5B 7. % DPPHe )i K AE )
BEA&E MT ot ik B 1R 386 o0 if B8 oo ELJL N He 2
Zn-MT H1 GSH [#] ICso 73724 80.58 mg/L F1 90.75
mg/L, 1} Zn* % DPPHe[Ri%FR LN 0. 52846
R, P BUERR R FUREIR A, AU
Zn-MT ii5F% DPPHe[¥§E ) /& GSH 1 1.1 fi%.

2,53 JUMHE Zo-MT WA B 7 H %0, )
MIREERVE R O FEHLAR Py A4 A AR AR 10 27 i R
KA m%E, BARBAELTE. ARS8 ER A0
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Fig. 7 DPPH radical eliminating abilitity
of Zn-MT in C. kyusyuensis
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IE I RS2, DA Zn™ FRS TR h h RS20
e SCk 7P e, SR 8. BAT LM R
Zn-MT JFUEIRSE RN, % O; KT AE S50,
HA SN HRET Zn-MT F1 GSH [1] ICso 2351 4y 71.49
mg/L f1 82.44 mg/L, Zn*"%f O; TiMAEH . it
BAFERGT O, (K5 ERAE S/ GSH 1 1.2 1%, Fom
+ GSH.
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Fig. 8 Superoxide anion radical eliminating abilitity
of Zn-MT in C. kyusyuensis
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