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[I] Hydroxylamine reductase {ER 5 DRIEE

FREAR H® DRI L TSHL -

) BRAOHAS TRERILLCEE lgm 2HRLULER lgm iz TBEAE, Zihuc M/
20 phosphate buffer 10 ml % nx THIHL, EO0EE (13,000 rpm. 10 43 7% FB A RERE &
L.

i) JAlEiE 25%x10-%mol/ml hydroxylamine s 1ml 2 #/8 » 1, M/20 phosphate buffer 1ml,
3%10-4M DPNH* 0.1 ml, M/1000 MnCl, 0. 1ml, B3tk 0.3 ml %z C 1550 30°C CRISS
7%, F0i% 12 9% trichloroacetic acid 0.2 ml % iz CRina 1L X%, 1% 8-quinolinol in Et
OH %y 1ml r 1M NayCOs 1ml Znz T145MFHRAKRTCESREEIRE. & b HZ LD
(5,400 r.p.m. 5 457[E]) %747\~ hydroxylamine 0 &% Hr#l EPU-2A #AIYeE9EeE A Fvs 705
my CHEFETS. BCEREYHRKRTRE I D2HALA—RECTTHITEREZITV,
Z D3 X b hydroxylamine Doy &% KD 5. BERIER LB 1ml ¥4 b o hydroxylamine 43 f%
=HTRLT.

iii) Hydroxylamine #&EphiR _LICOHFHEICHK - THREMKRE RDI-FT, T % V) flT hydroxy-
lamine Rt HBFERMEICZ LT trichloroacetic acid % 7xinf% buffer % iz CHR v 1T
WRRERISRA kDT, TR 1 Hodn BE 25x10-8mol/ml 1) FCix LAMBERT-BEER D¥:HIIC
RSz L aTDI. ZOBBRTKRDOED TH 3.

y = 3"2 x; hydroxylamine Dy (¥if%; 10-%mol/ml) y; optical density

08

opt. D.; (y)
'S

5 1015 20 25
Hydroxylamine concentration (10-8mol/ml) ; (x)

Fig. 1 Standard line for the determination of hydroxylamine
Hitachi EPU-2A spectrophotometer (705 m#) was used.

* DPNH ; Diphosphopyridine nucleotide (Reduced form)
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[I] Catalase {EMH0HIEx:

D BFERORE HEREWRI:UIELE 2em \WHER 2em % inz B+ 3. = hic M/15 phos-
phate buffer (pH; 6.88) 25ml #in% € 23°~25°C DEACT 2 B 24T 5. X SRk
(3,000 r.p.m. 40 53Rf) %47\ LI E 2 FACHIIR L CRERWE & L CRIL 7=

i) BRADUE WEHHIL SUMNER-SOMERS 2L % = — FEE®® 25t 0, 2, 4, 6, 8, 10
5 DERFRNC 3sU) 2 HH Dy ffit & sk, —KBUG & BT U TR OEHBER k OfizrikNic kb
Q=0 Aal

1 a a; hydrogen peroxide ®#J& x; hydrogen peroxide o Risg
k= 0.43431 <108, t; RISERR] (min)

t AR Kk RN X ) REFMICRT 2 k 27 r v b L t50 DIMEE k AkdCEEE S L
L 7.

RBERF LUEE
1. Hydroxylamine reductase {EF D\ T

) PH BLTRBEDORE ST SUSKMERNT 2 oM 3 pH 3 XO%E O 8
e TORREEL HINRCRL. pH ORINISET 7.0, 8.0, 9.0 ®x\T8.3, 8.6, 9.0

Table I. The relation between PH and the relative activity of hydro-

. xylamine reductase
i

PH 7.0 8.0 9.0*

+10—8mol NH:OH/Enz. soln. 1 ml 34.0 49.0 43.0

buffer solution; M/20 NaH:PO4-Na;HPO,
*NaH2P0O4-Na3B4O~

ii)

PH R 8.6 9.0

-10-8mol NH:OH/Enz. soln. 1 ml 10.0 24.3 22.0

M/20 NaH;PO;-NasPO,

Table II. The relation between reactive temperature and the activity
of hydroxylamine reductase

Temperature (°C) ' 25 30 35

-10—8mol NH:OH/Enz. soln. 1 ml 34.0 54.7 50.9

TIT - IckiR pH 8.6 MR ZE#E pH 73 5 Z L 38Tz, FREARDLD 2AEHEOZLESE HHEIFEIC
DWTHGWIER pH 136.8 TH D, FHLIYT - IR TIIRIET pHT. 6,20 HEESET pH 9. 02
MO THZZ L bYNC X > CEM pPH 3R (DEEL BN B,

VERRELEE . 30°C MEEAMER NI RS A ¥  FREAR DY O L HARETSH -T2, - TLIBDE
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BT pH 8.6, 3 30°C A EHL fe.

ii) #%E$Z{t hydroxylamine reductase {EfJIA%HA 5 & Ll Codnis bR LA T 50>
L7525 C LA ERIC I A hydroxylamine 27 OEICYIE OREE], flEL L DT Y ABRFBET
3R WTEIE RN B & it B, catalase (oW T TSR B OGNS B, ALK
2 FRZ & KBRS JGE L b 0 & RSN KL 72 b DIe 20 T - e O TH
5. FIEE—HREEL T, LOMIELUIENOBITZ RSV, TS L TRAR L2
CHHERS 12~13 1EEIAR. 2 ORI TED hydroxylamine reductase fEJHIZHIE (B @
Lo L EUPEL TS, o hydroxylamine o 5CIEMN & TEAT GO Yl inc X b
BIkT 5 ¥ T .Y ORI IS 2337 e catalase {EFIOREIZLE D MlT
b5, Tibbilifid e SMRMOEA ML LR T EO MR EZ b - T 5.

st
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Fig. 2 Hydroxylamine reductase activity during a day
—e——-e— rainy day (indoor) —o

o— fine day (outdoor)

iii) FERAIZIL reductase {EJIO HERHAAGITOWTIEE N /R4 2 8 TP iEic/c 51
§9<, 5, 6 FEPRCHVEHEZ AL TWB LI TH B,

Table III. Hydroxylamine reductase activity in the tobacco leaves

Posmon order ‘ 3rd, 4th Tth 15th 16th
+10-8mol NH:OH/Enz. soln. 1 ml i 25.6 25.6 | 22.0 7 12.3
i
Position order ‘ 5th, 6th 9th
+10-3mol NH:OH/Enz. soln. 1 ml } 35.0 25.3

Position order was counted from the top leaf.

iv) BELREOHE EEL 1 7 ARPRRA LKL CAZ LE IV EDID T 2EMEZHT T
R EEENVREEC L U ER IR W2 R L T 5

2. Catalase fERIZDIVT
f#e3EL x4 7 AFENZED catalase PRI 2 SEOIINCHE L 1oiiHA 3 V &5 JO VI-(1) #
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Table IV. Comparison of the hydroxylamine reductase activities in healthy and virus-
diseased tobacco leaves

Position order } 3rd, 4th 6th 7th 12th 15th 16th

Healthy leaf i 25 3 27.6 25.3 29.3 21.0 12.7
Virus-diseased leaf ‘T 29.3 24.0 21.3 22.6 20.0 13.7

Determmedtlme AM900 AMIlOO PMS 00 PM3 00 AM.9.00 PM3 00

B
]
Mosalc appearance l + + - + — _

activity ; +-10—8mol NH20H/Enz soln. 1 ml

Table V. Comparison of relative activities of catalase in healthy and virus-diseased
tobacco leaves

Position order 2nd, 3rd 6th, 7th 10th 11th 12th
Healthy leaf 18.5 30.5 18.9 18.3 12.0
Vlrus diseased leaf 10.6 20.1 18.1 13.0 11. 4

Silica sand 2 gm was added to 2 gm of fresh leaves grinded and extracted with 25
ml of M/15 phosphate buffer (pH=6.88) and centrifuged, then the supernatant di-
luted 2 times.

That was used as crude enzyme solution.

Relative activities were represented as (k)t-0+102 according to SUMNER-SOMERS
method.

Determination of catalase action was taken place during May, 1962 and the room
temperature (20°C) was used for the reaction.

kL t-. catalase {Efi /7% hydroxylamine reductase {EH] )y & [AlkkIC 6,7 FEAGR < MK, TEEAL
i BRI 7a b, FBRELEEIECILL TH S M.
BB ERTOEHELOCCHEAEELE VI-QQ) FIORLe. Z0ENLERLTCHES

Table VI—(1). Comparison of relative activities of catalase in healthy and vi-
rus-diseased tobacco leaves

Position order ’ 3rd 5th 6th 10th, 11th 14th

Healthy leaf 0.56 3 40 1 90 0.66
Vu'us d1seased leaf 0.33 2.14 1. 50 0.30

Determination of catalase action was taken place durmg July, 1963 and the
room temperature (32°C) was used for the reaction.

Table VI—(2). Contents of nitrogen and protein in the enzyme solution (50

ml)
Position order 5th, 6th 10th, 11th 15th, 16th
. Healthy leaf 10.27 mg 9.81 mg 6. 69 mg
Nitrogen Virus—diseased leaf 12.96 ~ 11.68 » 9.11 »
. l Healthy leaf 64.19 mg 61.31 mg 41 81 mg
Crude Protein Vlrus diseased leaf 81.00 ~ 73.00 ~ 56.94 »«

Silica sand 4gm was added to 4gm of fresh leaves, grinded and extracted
with 50m! of M/15 phosphate buffer (pH=6.88).
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HEBRW O IRENMEEL D KTH D

BT 2ERITEBERETOERSL 2 T EAE Y

CEABDLINA. - CHTRMEERIER I ORI

DICHEL THIHICREL 5.

PLEDHE b catalase {EH ))& hydroxylamine reductase {1 & 1L IEOFEIR TS 5 =

ENBIME NI &
LB DR BV %3

= hydroxylamine % 7ifx &4 C catalase {EfAE T X2 2 LICKIIL T3
HOOEERRK R L HB 2 B85 L RHOEE LIk T hydroxylamine reductase

DYERAER v ~v & KT 3hiE hydroxylamine OIERIHE D catalase VEFAE T S22 &
PEZBLNB. Tihbb A ix;r*ﬁw) catalase {ER]DOL iz} hydroxylamine reductase {EfH ]

DEF & et

L > T B

EETx5.

3. Catalase fEf(cx}d % hydroxylamine 3f7f[c nitrate DJEE

FXHI®® (3 hydroxylamine, acetoxime %R} catalase B 1= it9 2 P2 H 4 #§~C hydroxyla-
mine DFEHENKENZ L E2WEL T 5.

PEEIRBER in vitro T

E RN

4% hydroxylamine D f#iio catalase
Z 51 CHIBNALLY (& J » T 2T 3 NO3—>NOy—>NyOp—>

NH;OH—NH; O—#ioD 5% &M L nitrate o 8280\ T 3 H~7-.

i) Hydroxylamine (pHZE

x4 %

Je-3° catalase VEFIMIER:, FEEWRC 10-7~10-3mol/l hydroxyla-

mine ¥k T LR 0.1ml fng, ZOBREBERK LML TGS TYERT Kk &skdte., FoREE
W VI E TR 7.
Table VII. Inhibition effect of hydroxylamine on the catalase action when hydroxylamine was

added to the substrate solution

T ] T o roes
| Final conc. of 2 . inhibition

Added NHZOH SOln. ! NH2OH (mol/l) ‘ k 10 i degree (96) note
Omol/l, 0.1ml 0 2420 | 0* *addition of HyO
10-7#», 0.1ml ] 1.4x10-9 24.15 ‘ 0.21 instead of NH:OH
10-6~, 0.1 ml 1 1.4X10-8 23.10 ’ 4.55 soln.
10-5~, 0.1ml i 1. 4107 i 18. 00 ‘ 25.62
10~4~, 0.1ml . 1.4x10-8 | 9,30 \ 61. 57
10-3~, 0.1 ml ‘ 89. 46

Xic buffer-hydroxylamine Z CHiHI A 1T - 7834 catalase YR & MIE L 7-.
E 2gm \RHYERD 2gm wR LT

T 23~25C Tl L 1-.
Nz 5 &

3 %. hydroxylamine % 27, buffer THIH 24T
w%kﬁbf%ﬂmFQWE%ﬁ&é.

reductase =

Table VIII.

1. 4X10-5

2.55

Tl b4

#E#: L M/15 phosphate buffer 20 ml, hydroxylamine Smil % fj %
FOREFLF VL EDED Th 5.

catalase {E FHHl%E i hydroxylamine

HERIABE 1. 4107 mol /1 FHECRRE R B bhihe 1.4 < 10~"mol/l FEEE T 26 % & FHE
55 T1.1% 10-mol/l iy 26 % © AL b,

catalase fliHFRFICIRIN& vtz hydroxylamine (IhHiriz
D oS, BERCE hydroxylamine JARHIIE T2 4 D L HEFETE 3.

Z DR

Inhibition effect of hydroxylamine on the catalase action, especially when buffer-
hydroxylamine mixture was used for extracting

Final conc. of {

3 102 ‘ inhibition
Added NH:OH soln. i NH:OH(mol/l) | k.10 | degree(/) note
0 mol/1, 5 ml 0 10.05 0* *addition of H,O
10-3~, 5ml 1. 4X 10-5 7.72 23.18 instead of NH:OH
5>10-%~, S5ml 7.110-% 7. 47 25. 67 soln.
10-2~, 5ml 1.4<10¢ 5.52 45.07
1017, 5ml 1.4>10-3 0 100
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By 5 hydroxylamine (I catalase ¥EpkH L coupling L T catalase B RIEMEIC T B DT,
catalase-hydrogen peroxide [Of§&E&ETET 2O LRI na.

ii) Nitrate MFEE catalase Vi F I E H B IR 10-3~10-1mol/l ¢ sodium nitrate ¥ %
0.1ml FmL TRIES ¥ k Btz FORRELH X FRL . hydroxylamine DFAE FC HE

Table IX. Inhibition effect of nitrate on the catalase action when nitrate was added to the sub-
strate solution

T o

Final conc. of ‘ 2 | inhibition |

Added NaNOs soln. ‘ m (mol/1) ‘ k-10 i degree(%) ‘ note

0 mol/1,0.1 ml | 0 | 13.5 | 0* ' *addition of H:0

10-3~», 0.1ml 1.4X10-5 ‘ 13. 50 | 0 instead of

10-2~, 0.1ml 1.4X10-* t 11.10 17.78 | soln. aNCs
1.410-3

10-1», 0.1ml

- ] 895 3370 i

T4 nitrate OFEEFIXFEL <P, FIK hydroxylamine (% 1.4x10~%mol/I RS CRHER
ﬁ@@%f%ammﬂb,mmmaiLMd&%MH%ET@ME%%@%&Bﬂflewﬂmw
PR 18 BOMREEERTORTE S, MPHIER ThiuX nitrate (33570 X #1C nitrite,
hydroxylamine # O ftho difiigyEc 284+ %. €~ T nitrate 7R X AR OFEIHT nitrate HF
Ki%iD%ﬁbé%wﬁﬁ*ﬁ%@mi%m?mkb#k%i%ﬂé.HMMGD%Xﬁﬁlﬁx
10-5mol/l CIIFRZAN TN A < B iig s s hud nitrate 72 B4 L7 hydroxylamine 73 hydroxy-
lamine reductase CiE5tXi5OT hydroxylamine jifgA3 catalase VEMOFRE R £ TIC BAL
ﬁV#,%5mmﬁﬂbf%HWMK%OTﬂﬁKﬁ%%ﬁbh%t&a%%éﬂé.

DELWICH 529 348 Lz fs\ T B 4 2 7o NPH, (radio isotope witeT v E=7) 2 NPOs I
%ﬁb&w:a%ﬁ%bfxb,Oébm%ﬁmﬁkﬁﬁw%ﬁ%M@ﬁﬁmﬂﬁ%fmkm%mk
BT\ B, RS RN A 4 2 1 O REF IR IE R IRR O P Tk Woobp BV 2EIHIC O
f%mbfm5~@@ﬁmmwtﬁﬁﬂ%:0hwmmmmmem%%mmm&ahggﬁén&v
c—3¥i3. ammonia, —¥iL oxime %

NO;—>NO;—>N0,—»>NHOH::-+ NH;
!
oxime imino acid
N
amino acid

ST L VBB TP EFEL LS. a2 ) DRI D C hydroxylamine redu-
ctase 1’&}515}73?(\3%&1]%1/7:%%?:;ﬂoi“j@%@%’rb‘%ﬁﬁﬂi hydroxylamine reductase {EFJJ23g5<, & >
/= amino acid, amide Rt EUEA RTEFAMEIINES <, BED D I\ T e b ST RS
Q©moh e hydroxylamine reductase PERI IR BRI A TH 2. DT & bEYED
reductase » amino acid %% ) 23 fRICH B L 2 fEIL T 5.

AFgeTED LT hydroxylamine reductase & catalase DOVEFEER N IR A T B W
L LB A TRTC &, X5 hydroxylamine 73 catalase VEF BT 3 = L7 L ORISR
fi7 &7 D FRIC X »C hydroxylamine reductase VEFIDMIRI S B0 d B39 < Zntu 4R hy-
droxylamine 2ER SN & L MEESh B, Shni—IRied DT HIULRR RSN THOIE
RRREIC /% 0 8575 5. LA L hydroxylamine reductase OERIIO 1o S/ NE =R A A= S
mmwe@mum%éné:am&%.m%mmﬂ®ﬂ4§X%%mﬂ?%£@wA$®Mﬁ%%
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ZHERT IR (B H) s\ T 4 hydroxylamine reductase TR D 3B OB T v Bt o<
A7 ARBUNECEN IR E A RTH D LRI RS, 452 A TEEREYIC 35\ T % hydroxylamine |1
amine oxidase, transaminase, dihydrase, cytochrom C peroxidase, decarboxylase ED{EFIC
PEERLFTZ o bB2bNEH, ShbOBRIENNDEFIC L 5% 0REORIE <4 5 =5
HCBHE IR 22 L ORIUTIETO L = HHEZ g,

= #J

JELLEEC 3513 3 hydroxylamine reductase {57 /7t Frear and BURRELL D53 CHlEHI% 3 =
LEFEDIDTED 2, 3 DMWY L WE4 A~ catalase TEIIDWEE & Hsieit Uik Dk A 487z,

1) Hydroxylamine reductase TEMDZER pH 13 8.6 MfE T b KT 6.8, R¥ 7.6, HE
F9.0 rixfns.

2) mewmmMrmmmWWmﬁ@ﬁ#%&ﬁ«#ﬁf@%ﬁ%%%&h@ﬁ%@%mI%V
13 RERsBeb 3. RERBHCIZE O ZMULIZ X A X5 bh7ue,

3) Hydroxylamine reductase ¥ L X catalase DYER NI EER B 2T dte 5, 6 TR 4 %
o THEEC/ 2RI /e 5. Fo(@emEr <4 5= TEIRFEC I \) 2 HRER ORI e i s
I\,

M HH R DERLOVWMEAERITHEIMERIEL v 4 A Th 3.

4) Catalase Eficid3 2 hydroxylamine } nitrate ORLEBITATENEL S ATHD, 1.4x%
10=%mol/l TIREREKY 89 % T3 2 DIk, B 1. 4% 10" mol/l TIIBEERFUT L SR 1. 4x
10~*mol/l G315 18 % DIEBZ A DOLRTEH 5.

AR O—BIIBETISTEELLA 17 5 AR08 20 1 Ay RS (E88A) THIHLbDOTHB.
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Summary

Frear and BURRELL method was recognized by the authors to be useful in the determination
of the hydroxylamine reductase activity in the tobacco leaves. The relationship between the
hydroxylamine reductase and the catalase action was studied in the present report.

The results were summarized as follows;

(1) The pH optimum of hydroxylamine reductase in the tobacco leaves was ascertained
to be about 8.6, which differs from that in the mulberry (7.6), the soybean (6.8) and the sugar
cane leaves (9.0).

(2) The strongest hydroxylamine reductase action was observed to lie at the period from
noon to 1 p. m., the time when the metabolism in plant body incresases, exceedingly. The
tendency of variance was fixed to be the same as that of the catalase action reported by
Nakarl et al. (1951). In a rainy day, the change of the hydroxylamine reductase action oc-
curring with the lapse of time was scarcely noticed.

(3) Some significant direct proportional relations were confirmed between the hydroxyla-
mine reductase and the catalase action in the tobacco leaves.

Through the whole leaves it was at the fifth and sixth leaves counting from the top-leaf
that the above mentioned two enzyme activities were strongest, and the activities in the virus
diseased leaves were always weaker than those in the healthy ones.

As to the nitrogen or protein content in the extracted crude enzyme solution, the virus
diseased leaves showed more of it than the healthy ones.

(4) It was found that the inhibition-degree of hydroxylamine on the catalase action is
far higher than that of nitrate. About 89 percentage of the catalasc action was inhibited by
hydroxylamine of 1.4X107° mol/l; while, none in case of nitrate of 1.4X 10~ mol/l and about
18 percentage, in case of 1.4x107* mol/l.



