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STUDIES ON THE MECHANISM OF NITROGEN ASSIMILATION
IN MARINE ALGAE—1

On the Measurement of Nitrate Reductase Activity

Mitsuzo TAKAGI and Kiichi MURATA
(Faculty of Fisheries, Hokkaido Uniirersity)

Higher plants take nitrate from soil as nitrogen source, and have the ability to build up
complicated organic compounds contaning nitrogen, such as protein, nucleic acid, phos-

hatxde, and various vitamins, in the bodies.

As to the first chemical changes of nitrate taken up from roots, there are two cases; in
the one case the change is enzymic reduction in roots, and in the other in the leaves.
Besides these, there are some cases, which are seen under the abnormal conditions, the
nitrate reduction is not performed in the roots but translocated to the tops, otherwise it
takes place in the leaves as well as in the roots. Marine algae also mainly utilize nitrate
in sea water as nitrogen source. But the mechanism of taking up nutritious salts is different
from that of higher plants. In marine algae the rdle of the holdfasts is only to adhere to
rocks and hold their bodies, consequently the various nutritious salts are taken up by
osmotic pressure from surface of frond. Therefore, the enzymic reduction of absorbed
‘nitrate may be taken place in frond.

Concerning to the first materials produced by the action, many different opinions have
been stated, while, nowadays, it is said that the materiais are supposed to be nitrite.
Eckerson, 1924, reported the enzyme, ‘“‘nitrate reducase” which takes part in the production
of nitrite. According to him, when the water extract of freshly mashed plant tissue
is incubated with nitrate and glucose at pH 7.2~7.4, aerobically, for several hours, nitrite
is produced, and the activity is largely confined to tissue which do in fact posess 7n vivo
the power of nitrate reduction. A variety of workers have further investigated this enzyme,
but without concordant results, so it is conjectured, that in fact the production of nitrite
in the Eckerson experimental technique may be largely or wholly due to microorganisms,
But some enzymes from higher plants do assurely nitrate reduction. There are the aldehyde
dehydrogenase of potato tubers, and the lactic dehydrogenase of soybean seedlings, both
dehydrogenases can utilize nitrate as an hydrogen acceptor in the production of nitrite. But



few investigations were reported regarding to the existence of these enzymes in other plants.

It is known in some bacilli (for example, E. coli) there is an enzyme, nitrate reductase,
which acts as the catalist of the transferring of hydrogen from the last hydrogen ‘u'ansmit-
ter to nitric acid, taking position at the end of hydrogen transmitter system, which hy-
drogen obtained from. hydrogen donators such as, formic acid, succinic acid, and alanine,
is given to hydrogen acceptor, nitric acid, through some hydrogen transmitters. Nitric acid
accepts hydrogen by this enzyme and is reduced to nitrite.

Although we can expect in higher plants and marine algae the existence of the enzyme
which takes the above mentioned réle in nitrate assimilatioh, it has been scarcely. cleared.
It would be of great interest to determine further properties of this important enzyme of
the nitrogen metabolism of plants involving marine algae.

One of us, Takagi, has carried on the study of the catalase for clarlfmg the phys1olog1cal
significance of chromoproteid in marine algae. The investigation of the problems of nitrogen
assimilation must be done to bring to light the mechanism of photosynth&els We took
hand in the study of nitrate reductase. _

The concentration of nitrate ion, which marine algae can utilize as nitrogen sources, is
respectively 0.0022~0.0033 mg% in the Liman Current of Japan Sea, and 0.0006~0.029 mg%
in the Tsushima Current, and the concentration is variable not only by water dépth but by
seasons. For example, in the sea of Shuna Island in England, it is 0~0.0062 mé% from
July to August, and 0.0403~0.0415 mg% from January to Februan-f. Marine algae such as
Laminaria grow in the season, when the nitrate decreases in sea water. On the contrary,
marine algae such as Porphyra grow in the season, when nitrate is abandant in sea water.
Therefore, we can easily expect that there may be great difference in activities of the
nitrate reductase in those marine algae. If the optimum concentration of nitrate ion and the
best conditions of nitrate assimilation would be clarified, the security and increasiﬁg of
various useful algal stocks would be possible. Further, we think, if environmental conditions
could be limited and by which quantity of protein could be increased, the expectation to
the increase of nutritive value would be possible. We want to study the above men-
tioned problems, and in this paper we investigated the experimental conditions of the
activity of the nitrate reductase in Porphyra yezoensis and examined the measuring method.

1. The most suitable concentration of substrate, nitrate ion is 6.82 mg%.

2. The most suitable concentration of hydrogen donator, lactate is 462. 8 mg%.

3. Optimum pH of the nitrate reductase is 7.17.

4. Incubation temperatures and durations were examined. ‘

From the above results the following method is introduced. Five cc of M/15 S¢rensen’s
rhosphate buffer solution .(pH 7.17), 1lcc of 0.011M potassium nitrate, lcc of 0.52M
sodium lactate, 2cc of enzyme solution and lcc of water are mixed in Thunberg tube. The
tube is kept in vacuo (<10mm Hg) and incubated at 20°C for one hour. After mcubatmg
and removing protein, the activity of the enzyme is estimated by determining the appear

ance of nitrite colorimetrically with Griess-Ilosvay reagent.



BOMPISFERE LCEER O OMBEEERL, il LTEAYE, BR, BiEERL
Dy, WENWHLDY 12 I VICEDS T TORMAEREFERMERNTHACER T 3IE O,
R I Y BRI NBERE SESARN TESED 32ROV TiE, 20% MR CRESEYEE
TEZT L0V LECEINTHLRETZLOLDOND 3, IRBEE2 3T LCLOTEAR
REFNTRLEZ 2 LORLOMBEEEZTECBAT300P 85D, REEWFRLCREWT
LHBECETEfIO> V0P H 3, WHRLFEHERL UCERGTOMBEYRD X (AT 395,
REHBEROBBEIIEE LOKEMML R ZOBERCL, BRARIHELTREE 2 2 18T F3
FHRELER X VBBER X OTERL T 3, fE0TRIR 2 MR RIECE ~CHSENETR
PRI LOLEDNS,

ML CHRNER LT CRICAERIN 3B COWIREABROSZ LT ATH 3D, 4H
TREMRTH S5 LI ZLCRROBRAS B LT 3, SEEREISETT S W CEMBRO &K
nbn%% » TRIREIBRRCOWTRE4«LORERICT 2D, H{ Eckerson® Rz OEBERLE
115 B HIRRSE CEEE T RICERI LT v 3, Bl DD BRI ICEE L ERE - iz,
PH7.2~7 4 ICBRMIGKMIC KRS ¢ 3 LERMERK SN, LEbMEBRRIEIOR R D
BRERLBEVWEWIDTH S, LELEOES { OWIAE YT BROERE BRLB—K LK
B2 DN EPONDT, EckersonDERICHE 1T 2 BEEED £ RIZE S { KESIHEIC Lok
DTHDLI LEREN, LOUHEGER»L 2 b 3BERT, HERKBOETETI> LOWD 3,
ZNRT + F A SDREOT LS e FRAEMEOLRE D= - OABRRAEHREY TH D, ch
BRWFN L AEZARL LCHBEEMAL, EEBEERT 3 E2BMbhLTn3, Lol
b OB E OREMOMMIC L &2 T 3 PIERSERETS 3,

Xpz@EME (E. cold)™ IR L SHRIGET T 2MEORET 3 L MabLTE Y, 2O
BEROV ZERIR, = ~ 2R, T T = v O X D BKERERDD LT & KENN oK Bk
ERTRRICKEZAERTD ZMRICE IN 3 —FOXKREERORRICHE LT, BBOXELZE
R BER~OKFZEOREZ LMK T 3BETH 3 LBHL ML EOR, HHBRIEINIC LoTKk
FEEW ) HHRIGERINZDTH 3,

%@ﬁ%@ﬁﬁmkmfgch&ﬁ&@ﬁ%bﬁ@ﬁmKQOTmécam+ﬁﬂﬁféacar
D3N, RENEZERTIRRRBOLOL 2 b Trnan, i bHEHOEERBICENT, 0
BEARELET 3 COMROAKEHWT 2 2 LEABDTEED 3T 3,

BxEBEO~A (BEA ZE 2 REROLEERAOAHENERENHT 3BT ¥ 5> — ¥ OH
HEF LR, %Aﬁ@ﬁﬁtm%?aKnﬁmﬁiﬁmoﬁﬁoﬁﬂtwﬁaf5@r Sleex
RSB TEBESR O LB D 7

EEPEFEFL L THALTCW3BRA 4 v OBRBEREZOHY BAE Y < v BE®ICLE 3 & 0.002
2~0.033mg%, WEEH™ L 3 L 0.0006~0.029mg% CREIR X VRZ XD CA {, B
CEEL R Y ~PIEXEED Shuna Island™ KX 2% 7, 8 AICIE0~0.0062mg% OB/ MEE L
b, 1, 2 Bici20.0403~0.0415mg% OHEEMEE L 293, A4 v OO WEHCRENEN2 3
2y 7D LD BWEIBREEBL, TR LEICHEAF v O WHACEREE T2 37 <2
VDX 5 hERIBEAET L v, HOoTC N bEEHEHICE T 3 MRETHEERACLEEL
WEDHBZLLPRSCTFHREINILZATH S, BECEERENICIOCHBIN 3 MEBA 4> D
FOERE L WRALOBERMGEL M3  LARKNIE, U XoCA4EEREROBREERL B
CETZZLIAEETHIRAP VTR, BERMEINT I LR IOTEHSRERL { Nty
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LY 3 3L TNIEERNMEORAET 2 L b DAV LMETREVWLE 2, M ELOFEMEICD
WS EITDA L Leb DT 3798, HRICH W CIRAESHIRETESEE A HEEROR & & S
2y 7 ) EHRA L TRRETORD TE OFRICOWTHET 3,

AFFLASCEREREEIRIC X ZRINC L OTRITL 2 72, MU THLHECHLTHELRT 3,
NEREBITICY Y MAF LWL T FHN SNt~ AR, hHE—R, MER—-O=ZFRHLL,
bEEEERT 3,

£ B 5

A. NO'»—5BasBEE o/
ERSETRERER N EE T 3 FHER L ULChS NO/— Baas Bt E RO MER ¥ 33 LEKD
3, HIHKERSROFED F IR CHESETHE LB C4E T 3 BB L Griess—llosvay
REI L OTERT 3 HHRICER LD T, FOHEIED HHERERKIC Griess—Tlosvay BRI E iz
CTHEFIRAOESTXRELOFC IOTHEEL, NO— HRAEEEREER L,
(1) HIEOFHHE :
(a) NaNO. &ZEhegEmw
1.009g © AgNO; ZKICHEMEL, e \BROM NaCl ikt inz, &5 3 AgClERAL,
I LU CHERCUE LS LEICEEAKEM2C2E% 1L £33, Xiceh k) W0cck & D
KEM2C100cc L AL, BILED 15cc &0 TAEME TR2EY 100cc &L, sl v BEER LT
2o LT 3L BEERER Lccld4.5ug D NO/: IS T3,
(b) Griess—Ilosvay 3K
0.5g @ Sulfanilic acid (H:N-CsH,-SOsH-+2H:0) %309 Acetic acid (JLE1.041) 150cc IC¥EH#
3 X< 0.1g # @ —Naphthylamine(CioHz- NHe, mp 50°C) % 20ccDEKICEME L, s 2{EAL T
RIEIEN 2 3o AREB/INHICERLTAS 7 4 » THE, BRLEIMNZDOEE T THRET 30
(2> NO/—Zaa TR rER
&Kic NaNO, HERuEK r—E /L ), chICHBETREORELHRARK 2.5cc ez, BICHK
WK EM2 T 10cc £ Lzt Griess—Ilosvay 33 2 cc 2 40°C Q154 HMET 3 L 2BRER
CET 3, cNEESCETERS]REAHC L VES 3.5mm D, 500mpud 7 4 vF —EBANT
FHREFHE L%, Fig. 12 NO: 6 R LBEFLDERELERLAEZLDOTH 3,
B. TEEBEITCESEERAHE LOBRMEORET
(1) BSEROFAR
HER 3 AV 7 ) (Porphyra yezoensis) 258 v & b, #¥g/K 40cc, AR Sg &Mz, FLEKI
TIERLABEHFCTERL T2 R ERLAEEL THhEERE, ERKICKE ML T50cck
T3,
(a) HEBEOWE
HRBEENE A 2 LR ETHERAOREREE s, XEHBESEWRILETNEIEHWIC
HOFETERMENS S EESRELEZ, IOTERERPORELRNICT 3 ORHREY
BT B R KD KSR CEREITONR, Fig. 2 e ORRERLILDTH 2,
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Fig. 1 Straight Line Relationship between the Concentration of Nitrite ion and
Transmission, as measured with Cell of 3.5 mm and Filter of 500 mpu




- Composition of Exp. Solution ‘OF‘
pH 8.0™/1s S¢rensen’s Phosphate g 39F
Buffer Solution 5cc o 38f
0.4M Sodium Lactate Solution 1 .5 3z7f
Enzyme Solution 2 g 361
o3)
0.01M KNO; Solution X ¥ asf
T 3.4 N Y 1 N U Y "
Water Y 0 1 2 345 6 78910
Temperature 20°C Total  10cc — mg9 of nitrate ion
. Fig.2 The Effect of Concentration
Time 1 hour of Substrate on the Formation of

Nitrite ion by the Nitrate Reductase
in Porphyra yezoensis

Fig.2 X Y EEBERICHT 3HHRAF > DBEY 6.8mgy, KTNIXERT 3 HHRA A v ORI
4pug LA VEBTERDDOBBEALAE S, O TERICY O TRIGHKE % 10cc & 3Kk 0.011M
KNOslcc EMO>NE L vwbi3TthH 3, :

(b)) KEHESMEKBEORE .

L X2 2 ICEEOBAEHEILOWTH L, Lactic acid K L TALERT 3 &2 28D
72D GkFEM B L LT Sodium Lactate ¥ B\~ 3 ¢ &I L7, Sodium Lactate IBEWNEH K3 &
FRZERE U, LEREOR b KGR /NE 7L 3 e L E A b L% 3 X 5 7 SodiumLactate
BEE T S UL TS B 10\ o NV EBFT T 3 220 ICFFO 7 RBRD FEARIF & & ORRIZADM L Th 3o

‘ Composition of Exp. Solution a5l
pH 8.0 M/y; S¢rensen’s Phosphate g
Buffer Solution 5cc 2
‘'t 4.0
0.011M KNO; Solution 1 +§
Enzyme Solution 2 |
vy 3.5
0.4M Sodium Lactate Solution X <
) .
Water Y 0 N N N . R i TR
Total 00 650 700
Temperature  20°C otal 10cc 350 400 450 500 550 600
— mg% of lactate
-Time 1 hour . Fig.3 The Effect of Concentration of

Hydrogen Donator on the Formation
of Nitrite ion by the Nitrate Reductase
in Porphyra yezoensts
Fig.3 X D Sodium Lactate REDRMICoN TRSRIZAL 7 D, Lactate DIREENS462.8mg2
DEEEREINBEHRAZF v ORBERLLY, ZRX VERETCREERRZRAOTRI L, 1
DTEEIRIEISEREY 10cc kL, 2OH~0.52M Sodium Lactate 1cc & Mot vwbir e
»3,
(c) PpH{fiDIRE



BESRDEEAOUD 12 k L FEIREBTUEESED Opt. pH 2 7.4~T.8 MEETH 303, ZEWD 37DIC
M/; Serensen’s Phosphate Buffer Solution ¥ Fi\wT pHDETFIC X %ﬁf»&ﬁt?‘%ﬁbfﬁfcg
DL 2D RIEHHR FERFERZXXOM{TD 3,

Composition of Exp. Solution o a6
e O
M/5 S¢rensen’s Phosphate '; aal
Buffer Solution (various pH) 5cc =
= 42}
0.011M KNO; Solution 1 & w
o 40F
0.52M Sodium Lactate Solution 1 ® sl
Enzyme Solution 2 T 36 N . . . .
Water 1 60 6.5 7.0 7.5 80 85
. Total 10cc . — pH
Temperature  20°C Fig.4 The Effect of pH on the Formation
of Nitrite ion by the Nitrate Reductase

Time 1 hom" ' in Porphyra yezoensis

Fig. 4 X » Opt. pH £ 7.171C% 3 T L 2 50070 CHEIEIC X pH7.17 /15 Sdrensen’s Phosphate
Butfer Solution % Fi\~3 Z 12 L, '

(d) KIGHEEOBE
C BEERE L —ERERRE R QO BEOBELEIT 398, FEOWMBRETHSEERNHEEICELS Y
BEY AR TRDICERLTOMR: 20L EDORREAHRTERFREZXOMI TS S, bL L DF
FO—A GRS REHL 7 5~ ¥ ORERBEIRICE Y, FUERMEIC T O TRMBIFORHREL
BICT 3L BbR0T, RETORERENSEETORERE L £ 220 @RISR Lo TR
BIOBEREYE 2 KWEERDRZ L IWDOTH 335, RERTRRIERMEE 1BELL T2
bR ORERE L TR CHY T 3 RER RE L,

Composition of Exp. Solution 50 F

pH 7.17 ¥/;; S¢rensen’s Phosphate

=
Buffer Solution 5cc S
(5]
0.011M KNOs Solution 1 =
p=
0.52M Sodium Lactate Solution 1 f:
°
Enzyme Solution 2 b:f
Water 1 1
. o Total 1OCC 3-0 1 3 3 9
Temperature various (0~40°C) 0 10 20 30 40
Time 1 hour ) — temperature (°C)

- ‘Fig.5 The Effect of Temperature of
Incubation on the Formation of
Nitrite ion by the Nitrate Reductase
in Porphyra yezoensis



Fig.5 L b2y e 2 Vvt 2 xEEEER 10°C 21318, i’ﬁﬁ—ﬁ@m&ﬁﬁﬁﬁsfﬁﬂ
HIEICIZFE 4 D B Z:%JHLTW&YH&ZW CERAT BT LICLZ.

(e) EpEmMopE = . .

RER DO |2 X NIZTERRE SRR E B A O KGR IE 1~2. 50 T H 3 25, BUGRERIC
gaﬁm@4x/oiﬁﬁkﬂakb0ﬁﬁﬁﬁtixf%ﬁEHOko%@ﬁ@ﬁﬁ%#&ﬂ%@
WRIEXOMLTH 3, '

Composition of Exp. Solution

= 50f
pH7.17M/y; S¢rensen’s Phosphate g
Buffer Solution 5cc 8 4oF
‘ B 30}
0.011M KNOs Solution .. 1 s
s 20F
0.52M Sodium Lactate Solution 1 %10
¥
Enzyme Solution o 2 N N . \
Water - I 0 1 2 3
e Total 10ce - — time of incubation Chours)
Temperatm 20°C _ Fig.6 The Effect of Time of Incuba-
Time various (% ~3hours) “ “tion on the Formation of Nitrite

ion by the Nitrate Reductase in.
Porphyra yezoensss
Fig.6 X ) RIGRIOR 43 (O TR A + v DEREZHAT 301 ﬁﬁ&h‘t u%@fh‘ﬁ
Bk # Hbﬂgﬁvcm fioﬂﬂﬂ%km 1 ﬁﬁﬁﬂﬁﬁfaao '
TCE) O mesEumEE - . ,
BEDERIC Lo THIEORERELIRE LY, TORFICH W THERIMERCKLAT 2 »
EREHEBICT 3 LBBETD 3, CHLEED ZRDXORREITOR, DL & O KGR MEN
CICEBRBSRIZKOML TH 30

Composition of Exp. Solution 6or
o 50
pH7.17 /s S¢rensen’s Phosphate 2
Buffer Solution 5cc 2407
; | £ ot
0.011M KNO; Solution : 1 a
b~ =~
0.52M Sodium Lactate Solution 1 ;-2‘0
2 1.0F
Enzyme Solution X «
T ’ 1 1 ~1
3 Total -10cc: -

Temperature 20°C — ¢cc of enzyme solution
RS L P Fig.7 The Effect of Concentration
Time 1 hour : of Enzyme on the Formation of
: Nitrite ion by the Nitrate Reductase
in Porphyra yezoensis

Fig.7 X b C OB EFEEE A A o D LR TIBERRE L FUSE L B HpIT 3. SUHRBAERMF
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BHBRERESEERNOMEICHAWS 3,
C. WERETMEERNIERORE
LB ORERDORERIENTHERETHEREERTIEEEROM RE L, .

Composition of Exp. Solution
pH7.17 ¥/;5 Sdrensen’s Phosphhte Buffer Solution 5cc

0.011M KNO; Solution 1
0.52M Sodium Lactate Solution 1
Enzyme Solution 2
Water kk 1 .
Total 10cc

Z DR E 20°C, 10mm M FTOHEZEC1IRERE IO, 20% Trichloracetic acid 0.5cc,
MR Elg 22, P L RRL ROSET 3 L MBI 3 EBKE > 3, e RALTE
BH LS L, Griess—Ilosvay 33 2cck iz, 40°C, 1I54HMBL TEFIEOEFHEXEK
fEHC & D 3.5mmD e, 500mu D 7 V5 ~ & A TEBREMEL , Tk S 2107 LENO/ —
HETEAEHR L VAR INEERBRA v EEXRD, e THRETREERIEEbTC
LiZLliz, ML T OEBERE AEGROMBETRMSEERAIECHAT 3,

= ®

z*&l: 7 1) kmmfﬁﬁ%ﬁﬁﬁ#ﬁﬁamﬁomﬁﬁtwﬁu HEEREERICE O TRELR.

1. REBENHINEEA L v OBRER 6.82mg% ‘biﬁiﬁf% Y, RI#E10cck §3 & %% 0.011
M KI\O:; leccEMO>NIEESTH 3,

. KEHSHKE L TO Lactate DIREE X 462.8 mg% BRETH Y, FIEEE 10cck T3 é; i

0. 52M Sodium Lactate 1cc #m > NIXFEFTH 3,

3. B#EAFEAAvBER pH7.17 T D, 5620 T pH7.17%/; Sérensen’s Phosphate Buffer
Solution 5cckinz 3,

4. FISEEER 20°CE 8 RT3,

5. BUGFE 1R 8AT 3,

6. BEEBERESHEE 10cc a:rae;%mzccimzacu-?ao

X [
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