HAfER 222258 (Jpn. J. Palynol.) 40 (2) : 85-93 (1994)

H<eE LUV 70T YDEMD X —/8—F

mE, Eol@FENSOEEN ST BT8P E(L
RFEZRH L CAmZEHR L T s 2To/gikT ExglEkTd. It - MRiIciEsEE s o
(3, BERE 2V —HRSORCB Y 28 2 EKE COREHAEEB < 7o DICIE R ETE R0
LTERIL TV 3, AERIKED ~FHif S0 1 (0. 295 2 L3 EmEHEIT 5 LTHETH D, HEkE
RN AN S ik, BTrZaks LTk RN 240k T, iGvEE R Bt L LT o
BRI S E S N TR H.0 U218 B 3, 54T 5. ZOMRIC ST 2MRELTR—N—FF v F
EILE NI » 7o~ HDOBHEN T 5,70, L0 b VALY =¥ (SOD) MHHv, SODIFO0. (%Ll
BOSH:O S OWEEHRTETH BiGERERESAE C 5. Gk PWE S LTl E H.0. 128 d 5 0 7.
FITE, A—N—AFYF (0.), HWEEILKE BEETICRRAENAZSOD B, 86758 B0
(H:0:), EFoF>3on0 («OH), —dlfE#k itk - T, Cu, Zn-SOD, Mn-SOD, Fe-SOD @
('0.) D4 FiMH B, EVEEESRE, RS Lk JMcoish, L (1) & (2) R LHBRIE
v, AP~ 27 07+ — I THRS DK E YY), BT, IEYErhOic & B lE osc — Ly 1 2 v
R, L EMS T4 3. Ll 4T, X0 0, LT 5.

[ At IR A1 v A i

PR A e
T468 AT EITRAX SN
(1994 411 H 9 1 =25

Superoxide Dismutases of T'ypha and Pinus Pollen
Itiro HURUYA, Toru FUNAGUMA and Akira HARA

Laboratory of Biological Chemistry, Faculty of Agriculture, Meijo University,
shiogamaguchi, Tempaku-ku, Nagoya 468, Japan

Superoxide dismutases in the extracts from 7Typha and Pinus pollen were pu-
rified by means of protamine treatment, anion exchange chromatography, cation
exchange chromatography, chromatofocusing and gel-filtration. Three
superoxide dismutases from T'ypha pollen and four [rom Pinus pollen were frac-
tionated. On the basis of the sensitivily to cyanide and hydrogen peroxide, the oc-
currence of copper, zine- and manganese-superoxide dismutases in the extracts of

both pollen was demonstrated.

Key words: Superoxide dismutase, Superoxide, Active oxygen scavenger, Typha

pollen, Pinus pollen.
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1) SOD-Cu®" (Fe'", Mn'") + O.
—SOD-Cu'" (Fe*', Mn*") +0.
(2) SOD-Cu'"™ (Fe*', Mn*") + 0. + 2H"
—SOD-Cu*" (Fe', Mn"") + H.0.
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Fig. 1. Elution pattern of SODs in the extract from T'ypha pollen on a DE-52

anion exchange column. For the conditions of chromatography, see Materi-

als and Methods. Fractions of 9 ml were collected. —0——, SOD activity;
—@—  absorbance at 280 nm; --------- , NaCl concentration.

Table 1. Summary of purification of SODs from Typha pollen

Specific

Ste Volume Actiyity Protein activit Yield
Slep B (ml) ) (units) , (mg) (u;xits/h};g) (%)
Crude extract 170.0 48,110 671.5 71.6 100
Protamine 198.0 42,996 436.6 98.5 89.4
DEAE-cellulose 26.5 12,694 10.63 1,194.2 26.4
T1 PBEY 11.4 10,921 ND ND 22.7
Sephacryl S-200 1“8 7,666 i 0.117 65,521 169
DEAE-cellulose 26.0 6,630 21.16 313.3 13.8
T2 PBE% 26.5 3,922 ND ND 8.2
Sephacryl S-200 15.6 2,449 ~ 0.156 15,699 5.1
DEAE-cellulose 26.0 3,007 5.64 630.7 7.4
T3 DEAE-TOYOPEARL 7T 2,380 0.824 2,888 4.9
Sephacryl S-200 71 12 0.0675 18,830 2.6
ND : not determined.
2. 7 o=k SOD O ffk P1-22% 32kDa, P 1-3 2% 35kDa &5thah
DEAE-2 Vo =22k BBEA4 A vagiis o< b 7 f2. 7 = LBl SOD ORFEEE YA Table 2 12 24y
57 4—TId, Fig. 3iC/RTLIE, Pl, P2D2 L.
fHOmM e — 2 st s, Fig. 5icR-d&Hic, P1-1, P1-2, P1-3uw
s 7x—h vy ickd Pl ORRTE, M b, Native-PAGE 7 v OiEEGf L 4 vy
Fig. 4icRd LD, P1-1, P1-2, P1-3®D3 g & il L;'{\'/fo"u’,(:/\" v I*‘/Ji'fﬁ‘l' Shito. SDS-
fHOIGYEE — 2 ikt & r. PAGE icB8\W\WTld, 4 TE Pl-17TiEH

S, VAl kD, P1-1 2% 33kDa, 18.8kDa £#y18.3kDa & LLEf é V)?{Lt
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Fig. 2. Native- and SDS-polyacrylamide gel electrophoresis of purified SODs
from Typha pollen. Purified enzymes were run on a native-polyacrylamide
gel and stained for protein (A) and SOD activity (B), and also analyzed by
SDS-polyacrylamide gel electrophoresis (C).

Lanel, T1; 2,T2; 3,T3; M, molecular weight markers (a, ovalbumin,
43 kDa; b, carbonic anhydrase, 30 kDa; ¢, soybean trypsin inhibitor, 20.1

kDa; d, a-lactalbumin, 14.4 kDa).
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Fig. 3. Elution pattern of SODs in the extract from Pinus pollen on a DE-52
anion exchange column. For the conditions of chromatography, see Materi-
als and Methods. Fractions of 9 ml were collected. ——0——, SOD activity;

— @ —  absorbance at 280 nm; -—--—------ . NaCl concentration.
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Fig. 4 . Elution pattern of Pinus SODs on a PBE 94 column following DE-52

column chromatography. For the conditions of chromatography, see Materi-

als and Methods. Fractions of 3.5 ml were collected. —0—— SOD activity ;
—®—  absorbance at 280 nm ; ----—------ . pH.

Table 2. Summary of purification of SODs from Pinus pollen

g Volume Activity Protein Specific Yield
otep . : activity 0/
(ml) (units) (mg) . ) (%)
B B T (units mg) S
Crude extract 124.0 48,360 307.2 157 100
PI otamine 144.0 47,808 229.9 208 98.9
DEAE-ce lulosc 42.5 34,085 19.27 1,566 70.5
PBE 94 28.2 23,011 ND ND 47.6
P 1-1 Sephacryl S-200 14.0 15,778 0.171 92,377 32.6
P ~ CM-cellulose 11.7 2,551 0.076 33,5044 5.3
P19 PBE 94 13.8 5,161 ND ND 10.7
“ Sephacryl S-200 11.3 2,497 0.200 2,485 5.2
P 1.3 PBE 9 13.8 3,616 ND ND 148
" Sephacryl S-200 14.4 1,944 0.277 7,031 1.0
P2 DEAE-cellulose 21.0 624 1051 59 129
ND : not determined.
SOD O AR d 2201, P1-1, P1-2, 25C TIIMIA v+ ax—= b Lctkic, £ R
> 1-3 o~ v)fri% ARFRIEEL S O DEAE-+# b — s I mM KCN &2 InA, aitEEllE Lic, o

ZTHEHSNZP2Ico0T, 10mM H.O. N FERPI-1, P1-2, Pl-30iFEEKbton,
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Fig. 5. Native- and SDS-polyacrylamide gel electrophoresis of purified SODs
from Pinus pollen. Purified enzymes were run on a native-polyacrylamide gel
and stained for protein (A) and SOD activity (B), and also analyzed by SDS-
polyacrylamide gel electrophoresis (C).

Lanel ,P1-1;2,P1-2;3,P1-3;M, molecular weight markers (a, car-
bonic anhydrase, 30 kDa; b, soybean trypsin inhibitor, 20.1 kDa; ¢, a-lactal-
bumin, 14.4 kDa).

Table 3. Properties of SODs from Typha and Pinus Pollen

Praction Sensti(t)ivity Metals Molecular weight(kDa)
KCN H.,O. contained Gel-filtration SDS-PAGE
T1 + + Cu, Zn 28 17.8 19.3
Typha | T2 + + Cu, Zn 43 21.7
T3 - - Mn 56 24.8
Pl-1 + + Cu, Zn 33 18.3 18.8
Pl-2 + + Cu, Zn 32 ND
Pinus = —
P1-3 + + Cu, Zn 35 ND
‘ P2 s x ) (Nln) _L ND ND -
ND : not determined.
P 2 (3#9 60% DFRAFIGIEA /R L7, TLa, WSRO RIS T, Higicidl Bo
A D SOD WD SN TV BED, BEICIEE SICHEE
5 = DA I RHEDBHONTED, 9Ly 9TE2
', aATE3F™, royTEIME"Y, b
SOD BZ L OEMMSHE STV 5. [iPED) T YTEHIM Y EEINT VA, AFERRICE L
Pnclt~z o1 vEEk% b5, Cu, Zn-SOD 125 Th, WAEB RO 2RO VEELXT1 E T2,
WTH B ELERRA A VR ERIEED v 1 VA b - va= i ko 3O A VEEEP L1, P1-2,
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