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Chapter 18

Nitrogen fsotope Fractionation and fts Significance in
Biogeochemical Processes Occurring in Marine

Environments

Eitaro Wep^l

Mitsubishi-Kasci Institutc ol Lile Scicnces, Minamiooya, Machiclu,

Tokyo 194, lapan

Assrn^Acr Natural abundance of rbN in biogenic substances
was investigated with special reference to marine plankton sam-
ples.

Simple model on the nitrogen isotope fractionation was devel-
oped for the processes of assimilation, fixation and denitrification.

The occurrence of nitrogen isotope fractionation was generally

found out in the process of both ammonium and nitrate assimila-

tion by marine diatoms and marine algal flagellates. In boreal
areas the 15N abundance for plankton is regulated by the nitrogen
isotope fractionation during nitrate assimilation, while r5N abun-
dance for N.-fixing blue-green algae showed characteristic low
616N values close to that of atmospheric nitrogen. Small isotope

fractionation in the process of N,,-fixation is responsible for the
latter fact. lbN abundance provides three plankton groups ac-

cording to the form of inorganic nitrogenous compounds used as

nitrogen source for primary production.
Nitrogen isotope fractionation was studied during the decom-

position of. Trichodesmiutn erythraeunt, Chaeotoceros sp. and

Calanus plunu:hrus collected in the western North Pacific Ocean.

It was found that 8ri'N values l'or particulate n-latters were highly
variahle ancl closely correlated with the reprocltlction of bacterial
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biomass and/or coagulation of dissorved organic nitrogen.
significance of nitrogen isotope fractionation factor as a

ecological parameter was figured out in marine environments along
individual metabolic pathway involving N"-fixation, assimilation,
decomposition, and denitrification.

18.1 INrnooucrroN

Nitrogen is cycled in the ocean in a complex manner. various kinds
of biochemical processes are involved and the extent of nitrogen isotope
fractionation varies depending upon the kinetic mode of individual metabolic
reactions. Miyake and wada (1967) were the first to report the 15N/14N
ratios of nitrogenous compounds occurring in marine environments. DlbN
of marine biogenic nitrogen relative to atmospheric nitrogen is * 77oo on
an average, and tends to increase along the food chain. ri,\[ abun<Iance
in pelagic plankton is apparently related to the form of inorganic nitrogen
used for their growth (Wada and Hattori, 1976). Cline and Kaplan (1975)
have shown that nitrate in the oxygen-depleted waters of the eastern tropical
North Pacific ocean is enriched with li,N up to l g96r. Large isotope frac-
tionation of nitrogen associated with denitrification was emphasized.

The nitrogen isotope fractionation by microorganisms have been in-
vestigated in laboratory experiments. Hoering and Ford (1960) showed
that isotope fractionation of nitrogen hardly occurs in the molecular nitro-
gen fixation by Azotobacter spp. on the other hand, the fractionation fac-
tor up to 1.03 was obtained in denitrification and nitrate reduction to
nitrite by Pseudomonas, Bacillus and Alcaligenes (wellman et al., 1963;
cook et al., 1973), by an unidentified marine denitrifier (Miyake and
wada, l97l), and by serratia marinorubra (Miyazaki, L97r). In order to
explain the isotope effect in the chemical reductions of nitrate and hy-
droxylamine, Brown and Drury (1967) presented a two-atom model in
which the cleavage of an N-o bond is rate-limiting. Rees (1973) developed
a steady state kinetic model for sulphur isotope fractionation in bacterial
sulfate reduction. A similar model was also applied to the nitrogen isotope
fractionation in nitrate assimilation by marine diatoms (Wada and Hattori,
1978).

The present communication provide additional data on r5N abundance
in nitrogenous materials occurring in marine environments and on nitrogen
isotope fractionation in decomposition of pelagic plankton, assimilation of

畿 :轟



18。  NitrOgen■ OtOpe FractiOnatiOn in Mattne ЁnvirOnments    3,ラ

inOrganic nitrogen by phytoplankton and bacterial denitrincation. using

these data, tOgether with the data available in the literature, the mode and

extent Of nitrogen metabOlism in diferent marine environments are dis―

CllSSed.

18.2  MATERIALS AND METHODS

Samplings of planktOn and sediinents, and procedures fOr measurement

of nitrogen isOtOpe ratiOs were described elsewhere (wada and HattOri,

1976; Wada ct al., 1975)。  Nitrogen isotOpe ratiO (15N/1■ N) was deter_
mined using a I‐Iitachi RMu_6R mass spectrOmeter itted with a dual inlet
systen■  and a dOuble c011ectOr fOr rati9metry.  Nitrogen isOtOpic cOm‐

position is expressed in terms Of δ15N as deaned by the fOHowing equatiOn:

δ15N(0ん0)=       (15Nノ 14N)standar生 ×1000
(15N′
14N)standard

Two sets Of reagent grade ammonium sulfate with 
δ15N of-3.4 and l.3%0

relative to atmospheric nitrogen were used is running standards. The pre‐

cision of δ15N measurement was±
0。3%0.

Algal culture and decOmpOsition expe五 Inents were carried Out in the
same ways as described previOusly (Wada and HattOri, 1978;Miyake alld

Wada,1971). Pヵ α
`ο
グ
`rryJ“
′%rric(ソ″

“
′
“
″,Cλ

`π
racθ″(な sp.and D“′η′J`JJa

r`rrFο′ιc″ were grOwn On the ASP‐ 2 nledium of PrOvas01i(1957)with
some modincation and Cric∝ p力α

`rα
 θα″′
`rα`on the CS medium Of Blankly

(1971)without sOil extract.

Kinetic isOtope efFect Of nitrogen was expressed in terms Of the frac_

tionatiOn factor, α, which was deflned as the rati0 0f the rate constant た
for lighterお OtOpe(1■た)to that for hea宙 er One(15た )。 so far as the pЮ _
gress of the reactiOn is limited less than 5%,thiS Can be apprO対

mated by
the ratio Of nitrogen isOtOpe ratio Of reactant IR7=(15N/■4N)』 tO that Of
product lR,=(15N/14N),]:

α=寺=寺=1-器

18。 3  RESULTS

Table 18.l summarizes δ15N values fOr marine plankton, suspended
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detrital matter and bottom sediments collected on cruises of the University
of Tokyo operated R.V. Tansei-maru (KT) and Hakuho-maru (KH). The
values for phytoplankton in the boreal areas of the North Pacific fall within
a range ever reported (Miyake and Wada, 1967; Wada et al., 1975; Wada
and Hattori, 1976), and are lower than those for ambient nitrate (cf.
Fig. 18.5). The occurrence of nitrogen isotope fractionation associated
with nitrate assimilation by phytoplankton is suggested. Except one exam-
ple (a 10-15 cm deep sediment from Sagami Bay), 6t5N values for zoo-
plankton, detritus and sediments are similar. Low 815N values close to
that for atmospheric nitrogen have been reported with respect to marine
nitrogen fixing blue-green algae, Trichodesmium spp. (Wada and Hattori,
1976). This was confirmed by the present investigation. For reference,
the available data on 15N abundance in marine bioeenic substances are

depicted in Fig. 18.1.

615N°/..

0
N2oir

N2dis.

Morine blue-green
olgoe

Phytoplonkton

Zooplonkton

Mocro olgoe

Seogrosses

Nekton

Orgonic N in Sediment

ドレ X響―簾

一

OAAALOA

° 。

"。

Fig. 18.1 Summary of 815N in the biogenic nitrogen bearing substances
in the North Pacific Ocean. Data from the seagrass com-
munity at the coastal areas of Gulf ( O ) were included.

O present data, rMiyake and Wada (1967), x Cline and
' Kaplan (1975)

D Wada and Hattori (1976), 
-E- 

Peters et al., (1978)
O Wada et al. (manuscript in preparation).

..建
壷 轟 菫 直 」



18. Nitrogen isotope Fractionation in Marine Environments 3Al

Wada and Hattori (1978) have demonstrated that the isotope frac-
tionation in nitrate assimilation by a marine diatom, Phaeodactylum tricor-
nutum, is inversely correlated with its growth. This was also the case, when

・                 Table 18.2
Nitrogen isotope fractionation in the ttimilation of inorganic nitrogenous

compounds by marine nllcroalgac.
δ■5N valuesヽrere normalized to that of substrate used as nitrogen source.

t燎蹴c(職
露鷺Ь tt  Rema■

s

Cλα′ιοσθrο∫sp.

NO: 2.5x10-3         0     4.0× 104           shattg culture
17      8.7x105     _o。 4

.Pλα′ο′ασιッhm′r`εοra“′
“
π

NH:  1.8x10-3          0      4.3x104            shaking culture
21      3.7× 100    -7.0
0    4.3x104
21       3.2x106     _7.9
52     5.2x100    -9.6

NO, 0.5x10~3          o      2.8× 104            shaking culture
15    3。 5× 106   _2.5
30    1.O x 107   _1.4

NO: 1.2x10~2         o     l。 4x104          shaking culture
9      8。 5X100    -9.7
0    1.4x104
14      4.7X106   _14.5

1.O x 10~2        o     2.2x100          Bubbling culture
l.5   9.4x100   -6.6
4.5   2.4x107   _7.5

D“
"α
`:arra′

ιr′ :。′′ε
`aNH1 5.O x 10-3          o        _             stagnant culture

36      7.3x105    _5.4
NO= 1.O x 10~2        o      _           Stagnant culture

13       2.4x100    -12.6
35      4.3x106    _14.8

Criσοspλαιra ιαrιθ7αθ

NH1 5.Ox10-3         o       __            Stagnant culture
31       -―       -3.2

NO= 1.O x 10~2         o       __            Stagnant culture
30        -      -7.4

N-source
(mole/l)
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0.
15,00o lux

7100o tux
3.000 1ux

750 tux-1・r..

-10re

-1209・r.。

5             10

1ncubatiOn   days

Fig. 18.2a

ammonium was used as a sole source of nitrogen (Fig. lg.2). similar
nitrogen isotope effects on assimilation of nitrate and ammonium were
observed with marine planktonic algae other than diatoms (Table 1g.2).

when dead cells of chaetoceros sp. and calanus plumchrur were sus-
pended in filtered sea water and incubated together with natural population
of bacteria collected from beach sand, particulate nitrogen rapidly decreased
accompanied by increase in 815N in residual materials (Fig. 1g.3 a,b).
In a later period of incubation, particulate nitrogen (poN) stightly increased
and 8r0N decreased down to 1.5%0. This"can be attributed to bacterial growth
using soluble nitrogenous compounds. Delwiche and steyn (1970) showed
that bacteria preferentially utilize 14NHi over 16NHf. When the incuba-
tion was further extended, SrsN for particulate matter increased again. The
degradation of bacterial cells must be responsible for this increase. The
results of the decomposition experiment with Scenedesmu.r sp. reported by

０

一
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』
ヽ
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０
０

b。 4ρ00 1ux

2000 tux lp00 1ux

120°/..

2"n.2't,

♂ 10

daysIncubation

Fig。 18.2b

耽‐認
押繊i鮮瀞鰹卸§鷲1lrg
b 5x lCH mole/1 0f ammOnium was used as nitrogen
source.

Miyake and Wada (1971, can be explained along this line'

when Trichodesmium cells were incubated, 16N values of residual

materials varied to some extent, but they were l.ZVoo' on an average, higher

than that of the starting materials (Fig. 18'3 c)'
Our preliminary observation showed that apparent isotope fractionation

factor of denitrification by a marine denitrifier isolated from brackish lake,

Hamana, decreased from 1.012 to 1.002 when KNO', concentration was

reduced fuom 2Vo to O.2/6 and concentrations of both peptone (5 g/l) and

yeast extract (1 g/l) were kept constant (Table 18'3)'
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18. Nitrogen Isotope Fractionation in Marine Environments 3g5

c. Trichodesmium ervthroeum

PH e'-' *-'---'-x

'P'"'1--'z

6tsru

--r-- PON -r'
-----.G--_ ----G--- 

------'

r0 20 30
Incubotion time doys

Fig. 18.3c

Fig. 18.3 variation of 615N during the decomposition of natural
plankton samples. Indicated amount of plankton samples
were placed into 71, of the surface seawater collected from
Kuroshio area near Izu-Islands. Before incubation seawater
was filtered with glass fiber filter (Whatman GFIC) and
suspension of seawater with the beach sand collected at
Shikinejima Island was put as a microbial source. Incuba-
tion was carried out in 10 1 of polyethylene bottles at 19 !
l"C with air bubbling one hour per day. At intervals, 500
to 1,000 ml of samples were withdrown and the residual
materials were collected on the glass fiber filter (GFIC). 815N
values were normalized to atmospheric nitrogen (0.0%o).
a Chaetoceros sp., collected at Stn. 19 of KII71-3 cruise.
b Colanus plumchrus, collected at Stn. 19 of KH71-3 cruise.
c Trichodesmium erythrauem, collected at Stn. 810 of

l<I174-3 cruise.

18.4 DrscussroN

18.4.1 TnnonertcAl coNsIDERATToN oN BTocHEMIcAL NITRoGEN
ISOTOPE EFFECTS

A large isotope fractionation in chemical reactions takes place when a
bond to the isotopic atom is formed or broken in or before a slow step of
reaction sequence. In microbial systems, the extent of kinetic isotope frac-
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tionation of elements such as carbon, nitrogen and sulfur is likewise pri-
marily regulated by an enzymic reaction step in which a bond to the isotopic
atom is formed or broken (Harrison and rhode, 1953; park and Epstein,
1960; Wada and Hattori, 1978).

In this treatise, we mainly deal with the following processes: (i) assim-
ilation of nitrate and ammonium by phytoprankton, (ii) reduction of
nitrate by bacteria, (iii) reduction of dinitrogen, or nitrogen fixation, by
planktonic blue-green algae, and (iv) decomposition of organic nitrogenous
substances by bacteria. In the assimilation of nitrate, nitrate is first reducecl
and ammonium formed is in turn incorporated to produce amino acids
and other organic nitrogenous compounds. The first three processes (i, ii
and iii) are closely conjugated with electron transport system of respira-
tion or photosynthesis, and, in many cases, rates of overall reactions are
controlled by supply of reductant (NADH or NADpH) or energy (ATp)
coupled to the electron transport system. In such situations, the following
reaction scheme can be commonly applied:

んο
+

S。 一 St
んο
―

transport across ceH membrane

λl+
S`+E一 ES

λl―

た2
ES 

- 
E+P (3)

where ,t's refer to rate constants, ,sr and ^go, substrate or reactant (NHn ,
NOr- or Nr) in and out of cells, E, free form of key enzyme, ES, enzyme-
substrate complex, and P, reaction product. k. is a function of electron
flux through electron transport system or a function of ATp flux.

In a steady state, we obtain

(2)

_JESο]=λ。+ESoll一んο―ES=]

響 =写く評=0

等 =LF鋼

(4)

(5)

and

(6)


