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Estimation of Urea Production from Amino Acid
in the Ocean by Marine Bacteria

Yoshiaki Marra*, Katsuhiko MaTsunaca** and Masakichi NISHIMURA**

Abstract

It is known that urea is produced from arginine by the action of some bac-
teria. The authors tried to estimate the production rate of urea from arginine in
sea water, and to know what is the main source of urea in the ocean.

The decomposition of arginine is considered as follows:

k k
Arginine-—l>Urea—i>Ammonia,, where &k denotes a decomposition rate

k.
3

constant.

The decomposition rate constants of arginine (%, +k,) and urea (%;) were experi-
mentally determined by using arginine added to sea waters taken at the coast of
Hakodate and Mutsu Bay, and the production rate constant (k,) of urea was

calculated from the following equation:
ky
[Ur] = Tt ) -[Ar]o [exp (— (ky +ks) £} —exp (—kat)]+[Ur]o exp (—kat) ,
where [Ar], and [Ur], denote the initial concentrations of arginine and urea, and
[Ur] the concentration of urea after ¢ days. The mean value of %, of both sample

waters was 0.013/day.

The possible amount of urea supplied in the ocean was estimated. (a)
Production of urea from arginine: By using the production rate constant of urea
(%,) and the available data of arginine concentration in sea water, the supply of
urea from the arginine was calculated to be 1.5x102! ug urea-Nfyr. (b) Release of
urea contained in dead fish: 1.2x 10! ug urea-N/yr. (c) Excretion from aquatic
animals: 2.5x1017 yug urea-N/yr. (d) Supply by human activities: 4.6x10'¢ ug
urea-N/yr. :

Judging from these estimations, it is very likely that arginine in sea water
is the main source of urea.
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Z DFHBEONRCAES REOHM, NEESI X2 LR, REEBENELZONZ, D55, L
R, REEHCOVTR, FJIKCSOCTRBEORFESRHBINZD 245 50T, B,
1LEAEHRREK BRATHRREOREVREBINZ LD NEESCIZ 0 r#EIN S,

—ic, BHEV HEC - THEIN, REVSBHO—D2L U TAERKTS C i, Ripel-
Baldes? Z IR X->THREINTBH, BHECHBOTLRECERCHMENSES T TH3 I &
UREAOLNTVAEY, EELITAX =0 2 MA T ATHKICHEEME Pseudomonas sp, ZMA
TAvFax—bF30kickh, REVERT S & 2D,

CDOBEE,L, FEELRTUF =0 2HEIL ZRREAZROCT, 74X =05 ORFOERE
B b R RRONEGEE » ERIITRYD, HEORBOBRERC DV TERERATL,

B F K

TLEZCHORROEBEER LU CRROSREE

KRIRBT CORBOERERE 2 6 FCHBEEZRD 2 12nic, HERE L BEBEOWA R,
Kk UIROImMIZER X507 =, 2o RBERILXCEML, 20°C DEBRITCA Y * .
N— MUz, —EREHEIC 50ml ZEROHL, EERP5LUDEHUIHAR I Y RT 740 5~
TRBEL, BBCONTT L = U RMOERIZSOVTR I VY =2 L RER, BRERNOZERIC-
WTRRBZERL 2,

HrE

R3E: Newell 5 DR,

FAX = AR,

723, Newell 51 OFEIC XARBOERETRT { VEBO—HETH2 MY o dFHETHH
FEBRICKVT S, FHRRUEKCBOTEY MV Y L OFERED bhizh o119,

BRLALVICESE
REER
BB ARFOERE BT O TIY Fig.1 OBRBNELZ NS,
TVX =y, REONBERHERE Fig. 2,3 107 TH, VIhb IKREEA230, 2hb60E

BROBEYD 6 7V F = ORRFHETEE (h+ks) 5 b FICRBOFRBEETEE (ko) 2RO 1,
T = Uic R T A REBEORESMIZ 1) XckEbahs,

A[UYY/dt = k[ Av]—E[Ur] (1
LLTky ke [Urd [Ar] RZ N EFNRBOEREETE, SMREEER RELLTFRTVX=

YOENMBETH S, (1) ROMRIIFISRE: t=0 T [Arl=[4r]e [Url=[Url, BT [Ar]iT
[ArJoexp [— (k1+ks)e] 2RATHIUE, ¢ BEEIBRORRIX Q) RTHEA LN,

k
[Ur] =m -[A47] [exp(— (ki +hs)t) —exp(—kat) ]+ [ Urlyexp(—ket)  (2)

REOAERHEER kb 13, ZBRTRDI ¢ BEED [Ur], katks, ke 25T =2 OB
g [(Arle=0.1mM % (2) KLRATELLRIDRDENG, TAX =L ONMERTERL 12
REDOPEE S Table 1 iz, ERZT S FICHBETRDIZ kit+ks ke By D% Table 2 257,
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(@) 7a¥=rboOiER: WKIOBRET VY = ORIEEIZ Chau & Riley!®, Siegel &
Degens!®, Starikova & Korzhikova!® i€ k5 THREIN TV 3T ¥, T Z Tt Starikova &
Korzhicova iz & 3 B#E COME, 0.01pM 2EROT, #iFiC X 3fH 0.05zM 2HE\ 3%, #Akdo

(a)
(b) Dissolved and K
Dead fish particulate 3
arginine
() 3 K
Aquati Ko A
quatic —_—p Urea Ammonia
i ——
animal
(d)
Human
activity Plankton
Fig. 1. Production and consumption of urea in sea water. % denotes a decomposition rate
constant.
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0
(J
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[ J
(o]
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Fig. 2. Decomposition of arginine added in the sea water samples taken at the coast of
Hakodate and Mutsu Bay.
O Hakodate: @ Mutsu Bay
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Fig. 3. Decomposition of urea added in the sea water samples taken at the coast of
Hakodate and Mutsu Bay.
O Hakodate: @ Mutsu Bay

Table 1.  Concentration of urea produced by decomposition of arginine in sea water
samples taken at the coast of Hakodate and Mutsu Bay.

Time of incubation Urea found (uM)
(day) Hakodate |  Muteu Bay
1 1.0 1.6
2 1.7 2.9
3 _ 4.2
5 3.1 —

Table 2. Production rate constant of wrea and decomposition rate constants of urea and
arginine in sea waler taken of the coast of Hakodate and Mutsu Bai.

Rate constant ' Hakodate Mutsu Bay
kyt+k, 0.053 0.033
ky 0. 0022 0. 0050
k, 0. 011, 0. 0089 0.017,0. 015
0.0071 0.016
Mean value of k, 0. 0090 0. 015
Mean value of %, at
both stations 0.013

TRV RERRBTEET 5 LU, k1=0.013/day, 2%KR 1.4x1021] 2 tus, 2EET
OEMOPHRIL 9.2X102 pgurea-N/yr /23, 27 ) 7L k37 & 2 BRORHCARREC R
TEREDERIOVT, 20°CH 5 5°C~DREF/IC L ->T, ZOEER 1/3~1/6 BT 5 &
OBREVD 519, FERTRDIZ by OED, WAKDFPHAR 5°C Ti 1/6 it T 5 & Thus, £
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DGR 1.5%10% ug urea-N/yr & 723,

(b) FEDOEBROIMET X2 SHERFOHHE: AFIEMT 2.4X10° b AEEINRZ D,
BLFRELL, SHERFZBERELZRE™ 28U T 0.5% & BEhL, 3683 1.2x10%,g
urea-N/yr +72%,

(c) KkEEEMMC X 2 RFOPRRE: EHEAEHOPHMRE 20mi/ke/day'®, RODRBBERME
% 5ppm?® & Fius, HEMRSORBEBEFRERIZ 0. 1mg/kg/day & 755, DAFOHRERICONT
B B TR0, 1970 ED MR 7X107 22D D 100 fEAEAR L Th, HERREBRES
i3 2.5X10'7 ug urea-N/yr 723, '

(d) ANEEShctEd REOHMGE: UR, RFEEEHCIZ 0T, ZANIKZEL TR~
WINZLEALNS, WIIKDOBRERZKE L M- T 100pg urea-N/I & THULD, EREERHK
AT BH)IKED i3 4.6X10'%] TH 2D 5, 4.6X10%8ug urea-N/yr /13,

T, AFERTIRGBEOEAKEHOIY, BWiE BREOWKIZE BRI sERIIEA
ES Vs BRBRHATHH, AEREPRWEHECERNL T RBLETR TV DL HEEINE,

PDEDRBEYD LS5, WEFORBOERIIMEC X > THKFOT VX 2o h AR O
BELZIOTHBEEALNS,

BRI HIZY, ABEOEERL SOV TR B ESIRCHEIE %, 3 iR OME:
BRI OV THAENERERBEIZOMRE 2100, CCRELSBERED T,

X wk
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