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Effects of Formaldehyde on the Marine Microalga
Nannochloropsis Oculata ST-3 Strain

Kosuke YOSHIDA, Hiroshi ISHII, Yukio KOBAYASHI and Hiroshi SAITO

Abstract

In this study, effects of formaldehyde on the marine microalga Nannochloropsis oculata ST-3 strain were
investigated. Increasing concentrations of formaldehyde caused increased growth retardation of the ST-3 strain. This
is especially seen in the growth curve of the ST-3 strain exposed at 10ppm formaldehyde for the first time which
showed a lag phase for 9 days. However the growth curve of the ST-3 strain exposed at 10ppm formaldehyde for the
2nd time showed a lag phase only for 2 days. Therefore, the ST-3 strain may have adapted to formaldehyde at 10ppm.
Concentrations of formaldehyde in the medium decreased with growth of the ST-3 strain. Concentration of
formaldehyde in the ST-3 strain was also low. Therefore, it is possible that formaldehyde moved into the ST-3 strain
and then reacted with free amino group which existed in the ST-3 strain and formed imine.
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ZOEIRERICHPPDLOT, wv< ) ORBFER
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BETHY, KEZBEOLCILLFHAINTHS, FicH
RIZBOWTRANFEOEHICB T 2 EEICRPT 2 &
DTERVINE T > 7 by BRIV A S XYV R A
YOFEREE LT N. oculata WHEZECFHIHENLTW S,
N. oculata THEEE L1234 S AV RY AV, WEARED
WERERIE E S5 EPA (20:5n—3) 2% &ATHEH
D, FRMIEOHERFOE D o bERFShTnwE (FHR - #F
5, 1995). Z7z 7V A VKEEE, N oculata % 100~16077
cell/mL OEETHRMT 22 L2k >T, v~V I 7FHD
T A VIBHEEAEZFICH ETE LI ENRENT VD
(B - 25, 2002).

Z TR T, BYEFHICB W T —REEETDH D
Y M B B TE AR 553 Nannochlovopsis oculata W23 L
THANT ) UREDLSHEE LG 2 T rEHsICL
720,

2. EBRMEEFE

2-1 EERIRIEERM

AT TH O TR TORE EEHIIZ D S U DOFZEE
BHE (170°C, 15043F, WFO-600SD, EYELA) % 7- 1%
F— b7 v—7 (121°C, 1.2 RJE, 2053, SS-235, TOMY)
PRERAUEE L., 2RUBEOEBRRIEZLE T ) —oN
> F (S-1800SV, SHOWA) A THEHIZITR > 7.

2-2  EERMHY

AHFETITAEIS (2003) (MR S d 7z HEEE M HHT
MIETEIR S N. oculata ST-3 MiaFEBME & U, K2
0.368g CaCl,-2H,0, 0.70g KCI, 8.00g MgSO,-7H,0,
24.0g NaCl, 0.10g NaNO;, 0.014g Na,HPO,-12H,0,
0.126g NaHCO;, 0.181g Na,EDTA, 0.50g Clewat32,
1.0mL BEEEY 3> (0.20mg £% £ By, 1.00mg ©
FF >, 100mg g F7 3 > % 1L OFFKICER L2 %
D) %#999mL OFKAKICER L7z b O (LA TN Kt &
T2%) BHEHAL. £7275.0mg NaNO,, 6.0mg NaH,
PO,-2H,0, 10.0mg Na,SiO; « 9H,0, 0.50ug ¥ I >~
B, 0.5ug EAF >, 100ug #EEEF7 2>, 1.0mL /2
metals (3.16g FeCl;+6H,0, 12.0mg CoSO,*7H,0, 21.0
mg ZnSO,+-7H,0, 180mg MnCl,-4H,0, 7.0mg
CuS0,+5H,0, 7.0mg Na,MoO,-2H,0, 4.4g Na,EDTA)
% 999mL DR (EAERFEEYIRE D 5 { » BT 7T i
AK) WCHERELI:bORBERAL: (LMR/25e32).

2-3 ST-3 HnfkLiLE

W > v — 1 (SHI90-15E, IWAKID) HIZ#K (1%
(w/v)) ZEINU 7z TN Kith 2 ML & 8 S5 2 7E K
L7z, ZOEEEHz ST-3 fkE2RABE&E &AL, A
YEFaR—F (FEEEEE 25°C, #3uE/m?/s B 5,
CF-305, TOMY) W THGOHEMEEREL 2.

56

TR KSR - BRI BE

2-4 ST-3 ¥DEHEE

500mL =47 5 Z 2 H1z#7 300mL ® TN ki % A,
I 2-3 THEE L 1: ST3 k2 RHASE 2 v CEilE
STz, ZO7ZAAQOFITBKIADOA 7 AE (i
V) aryFa—7THEEERRD ST 2b0) R#EL -
BCE % Ui, B3, 806AT 2 R X 2 68 (1980
wE/m?/s, WARGRMAI2IERED) Laads, R TITH 5 7.
BRFIVRT 7 4 V% — (0.45um) % v THEEICIT
otz, ZORETHMREL b ORHIRGE L Lz,

2-5  HERaf L HRRRER DEE DORR

AWrFEIC Fv 5 ST-3 PROMIIREIR OWEE X, 73608
EEF (U-3210, HITACHI) # Hw T &K 720nm 2 B 1
LIRHEE (Ary) ZHIET 22 E12XD, HEROROE
BEBEZTDZERBET LI ENTE, £z A
i B & EE BB AR (Cells= (5.680X107) Az, R*=
0.985) IZhH 2 Z eNFEINTWSE (HH5, 2003). %
Z TR, M ORHE 2B TIT R o 7.

2-6 EBRROIEEFE & HB ORI

b & UORIREIC X > THE#E L 72 ST-3 RO M gE
W2 500mL SEEAA 7 7 2 2 ic#lEmICE L, BE AL O
EAT0.04 (2.3X10° ) 1272 & 5T {/2 T L
Jo. 207 ZAADOEIGBEKHAON 7 A8 LSRR
FRHEDOAT YV AF 2 —7 (75 AT4FDHEIIET )
AVFa—TROFTESFav 7 ICEoTRELIZDD)
il Lo CE 2 L7z, BREEIKEFEE (SEAPALEX
1020, NISSO) :#FiAaRt—2— (100W, KONISHI)
2 & o TRIE R 25°C IR > 72K (60X 36X 30cm) NT
The o7z, SEIRS, MR 2-4 LRBEDOHETIT R > 7.
MREE R ORI Y 3 v F a =Ty ) ¥ Y21,
EyFay 7 ZBWTREI L TITR > 72, BRIL 7oAl
VR IIEE, BLOKRVAT VT E REEOHIE L
7.

2-T RIWVLTILTE RN ST-3KRIZERX 258

/28 DERNVAT VT v RN ST-3RICE 2 %2
WCOWTHRET L7z, BHirh DRV A7 VT & FIEE % 0,
5 6, 7, 8 9, 10, 20ppm IZFHHEL 7=, EriEH X OHIME
DERUITHEE 2-6 L RO TTETIT v, AR %
BT, RS EE S B DR VAT LT E R
5 % Nash ¥ (T. Nash, 1953) ZHwWwWCHIEL . +
bbb, ERLUHMEEEEE GF/FA oA~ 4707
7 AN—=7 4 V¥ — ($25mm, Whatman, England (JL
#% GF/F)) CWE|JEmL, £ fifgic 07z, 2512,
HHICFEEDO 7 £ F LT & b R (150g CH;COONH,,
3mL CH;COOH, Kt 2.0mL CH;COCH,COCH, % 2K
KT 1000mL & L72) %inz, 60°C CTlOARIKIGE ¥ 7z,
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VERE M BB TERR A3 Nannochlovopsis oculata ST-3 BRIZIE 2 RV A7 VT & F OE BT 2 75

BEIE, R L35V 7 FN-14-YERuLFy v
(LI DDL & ¥ %) oI MA % 5 ERT 2 v, K
£ 415nm 2 B 2 W E CHIE L 7z,

2-8 10ppm ;RIVLTIVTE R TEFEL /-
ST-3 ¥RDIBFEEER
2-7 0 10ppm RV AT I)VT & N THSEL 72 ST-3 8k %
FWT, BUOKRAVLAT VT E R 2N 7o Bk THIGE SR
B AT, FTMIEEBT (An 13 1.57) % 25ml H
DHL, MEEAOHELEIC AN, 2O (MX160,
TOMY) TiLrL7z (8000rpm, 1053, 25°C). EE»
WaERE L EME /28 me A, HBE S 49—
(MT-31, YAMATO) THE#Hs¥7-%, BOELMETE
U7z, ZOEER 2 B L THfg 2k L7k, K
VAT VT E REES 0, 10, 20ppm 12785 X S ICFHEL
7o £/2 sl 2 min L, @& % 500mL I FREE L 7.
g B X UHEFE ORI 2-6 L [REIBED i TIT v, Pl
REFRE 2 U7z, iRV A7 VT & FEEZ 2-7
L EBED FEETHIE L .

2-9 10ppm FRILAT LT FOBFEETIZEIT S ST-3 #
DHERERNDFIL LT IILVT e KEEDRIE
ST-38E1F 26 ® 10ppm KV ATV T & R CHAGE L 72
MR L, SIENO RV AT IVT E RIEEOHIE 28K
FU7. 9T & DT & D MR & REHN Sk
L7z (9000rpm, 543, 4°C). % OB % HiSEE L,

VoY 77y —10mL L 72, K€Y+ A4 —T
B U 72 (Duty cycle 50%, Output control 6,
SONIFIER 450, BRANSON). % o H#iH % * GF/F %
AwTlks| 2L, A28 EZEINL 2. Z D 5 % Nash 3%
EFHOWIKIGS Y, £ TH 2 DDL 238kt L, 20
ko DDL 2 HPLC (BE8UERT) 1c kv, MR
% 415nm ICERE L, HEE 200l HEALEIE L. 208
4 7 A id CAPCELL PAK C18 UGI20 S-5um (4.6
mme X250mm, EAEH) 2EH L, B H,O0/
MeOH=40/60 1c L, %3 ImL/min [Z8&E LAWK L 2.
REEFA £ © DDL OfFE %, ©— 7 miE & D ER L 12
HREHWTDDL OEEZ{TVY, TRERVAT VT E
FIREWCHE LT, 2 7 ARE I ERAE Z Hvw T 45°C
PR 7.

3. BRCEE

3-1 RILLTZITERDST-3KICEZ 25E
RIVAT VT E RN ST-3ICE 2 2 B2 MET L7z,
RVAT VT E REER0, 5 6, 7, 8 9, 10, 20ppm

B XD ICHBE L2852 v, ST-3%0D

MG 2 B LR, WL 2 wia (Oppm) &

S5ppm RV AT VT E FORESMETTIE, FEERBFE» S

EHECHEEIE L, SRR ICE T R o 7 (Fig. D).

51T, TS 2 DORBESAET TIIAHIE O T 12 55

BB X o7z (Tablel), UL, 6ppm PLETIHiE

1 ‘l. ..X_mxxﬁ | *oppm
2 "r;*’ﬁ;ﬂh" X o ~—— a5ppm
I S VRO S —
B %—.%7“'* . | = 7ppm
= i ————
— l__ P N e * . I X 9ppm
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0.01 —= | o *.= =
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** *
0.001 |
0 5 10 15 20 25
Days

Fig.1 Growth curves of the ST-3 strain exposed to formaldehyde.
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Table 1 Average generation time (AGT, AGT*) of the ST-3 strain exposed to formaldehyde at

various concentrations.

Oppm 5ppm 7ppm 8ppm 9ppm 10ppm 200ppm
AGT (h) 28.0 28.1 38.4 41.5 47.9 49.4 —
AGT*(h) 28.4 — — — — 28.5 43.6

AGT* : The ST-3 strain exposed at 10ppm formaldehyde at first was used.

EREL B2 ONTHEIEEES KR E ko2, Bz 10
ppm RIVATIVT E R OEER, KB, S 9 HEO
FEEHINHEZE SN, F72 20ppm OB X FEEKT £ THE
JoOBERBEZE s N Zrolz. &5, FHifhorva 7
VT e NIEEEDE L 7% 5126 > THIE O BEFER EE 3 < 7%
S, IS OREREM S, ST3HOBIEICE W T
Sppm AT DR NVAT VT & RIFHE%L2 KITE T, 6ppm
P ETREENEL 251205 T, MEOBEHEEENDE
EINKRELRDHZERFEZOND, N7 7 7 OEFERNICH
LTz RIVAT VT E R 500ppm &9 BisE T
RAFED F FHPICEREIN TV, 2D L1 ST-3
DEBWEER 10ppm D#I505, 2 BEOEEEEOGEN
50075 (85K « M, 1998) :EWVWEHRILVAT VT E N &5 2
522, REAKCEETT MM 7727 b roigk
AEDTET 2 eFZ2 65, &5 IZEYEHO—RERE
EBETHHWEMT 727 b U BRBCEA T2 kD,
WK OERRRRHN T L £ S AJRE RN E 2 o 5,
Fio, BRI EMIF ORIV AT VT e NBE R
HIE L7z & 25, MO fFicEEaEd L7 (Fig

2). HAMLHSEETE L 72 v 20ppm DA DO W TIE, B
DIRNVAT VT E NEEIXEA Likholz, 2o DR
Hopn o, BEHIRORLVAT VT E R IZMIENICE D A E
TZHREEF 2 S5,

3-2 10ppm ;RIVATZIVTE F DS TIEHEL 1= ST-3 #%
= UL oS EERER

3-1 ® 10ppm HIV A7V 7 & K THGE L 72 528 W O #
FazAwT, HU0, 10, 20ppm RV AT VT b RICFHE
U 7o 55l CREFEAFE 2 8122 L /2. Oppm D& 135S A
1 HIH, 10ppm O%5&I13EEEHY 2 HE#BZE I, 20D
BIS 2 DOWRESRMT OMKIIEIHIC B 22 3B S
Nxh-o7 (Fig.3). %72 20ppm OFEIZ1I3H OFHEH
DI, Z OB H5EIE L 7. uh%@%*%é: 3-1
ZHEET 2 L, 10ppm RV AT VT E R OBEIIFHEH
259 HiE» 6 2 HEwEA L, S5 imL zwigsg (0
ppm) & OHEHE DD o { ko7 (Tablel), 7
20ppm ARV ATIVT E RDEE, 3-1 LidEwy, figoy
FEMNRE SNz, 16> T, 2N ORWFETH Wz ST-3

25
b e et o s,
20
—_
% 4 Sppm
P " 7ppm |
ES % 8ppm
a =
§10 %X*;;' X 9ppm
8 R
£ = m - @ 10ppm
S 514, & ¢ 20ppm_
. N n X =
0 10 20 30
Days

Fig.2 Changes of formaldehyde in the medium with the passage of incubation.
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10 —
N - - ..-. R .’09‘ o
DL e RS
I e = | | *0ppm
% _:- o ” | ™ 10ppm
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Fig.3 Growth curves of the ST-3 strain exposed to formaldehyde for the 2nd time.
The ST-3 strain exposed at 10ppm formaldehyde at first was used.
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[ ¢ 20ppm
= S
< 107"
[+
£ .
3
=5t n ¢
|
0 —— * o
0 10 20 30 40

Days

Fig.4 Changes of formaldehyde in the medium with the passage of incubation.
The ST-3 strain exposed at 10ppm formaldehyde at first was used.
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Rt:3.8min
Area: 12245
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Cotumn: CAPCELL PAK Cy;
UGI120 4.6mm ¢ X250mm

Mobile phase : H,O/MeOH=40/60

Flow rate:1.0mL/min

Column Temperature:45°C

Detect: UV 415nm

Injection Volume:20 1 L

(formaldehyde:1.8ppm)

Fig.5 Chromatogram of DDL and formaldehyde in the cells.

HRIERNV AT VT & R OBRE FICH#IET 2880 2FF-> Tw
DHREMNHEZ S D,

XS ICEEERSBICE S BT O RV AT VT & NEE R
HIE L& 25, MBEOMHEE g L7 (Fig
4)., ZhiE, 3-1 ARk, B ORIV AT VT E FH
MIFEPICEL D A E N TTREME S 2 51 5,

3-3 10ppm RILATILTE FDOBFEETFIZHEITS ST-3 %
DFABRIZE T BRILLT LT E FIEEDRIE

3-2 M 10ppm RV ATV 7 & R THGE L 72 ST-3 BED
M2 W, #ANORVATIVT & REEOHIE 2R
FTU7. 2-6 /LT Nash #i2 & W 45k L 72 DDL @ [d]
E & & % HPLC T17 - 72 & %, DDL 0 £# £F I [H
(Retention time) 1% 3.843, ©— 27 ) 71312245 Th
D (Fig.5), "V A7 VT FEBEICHET % & 1.8ppm
Thote, —fBHNTRVAT VT FI3dEY 3 VEER
IGLTA S BERT 2. LicdS > TSRIOFED S I,
MIFPCER D AE N2 RV AT VT E RO 80% 1%, #l
JRNICEFEAET HWEREL 727 2 VB ERIGLTA S U 2R
L7aJREERNFE 2 55, Lo L, FERECIE ORI
WIEE S TV,

B
AWFEDEITIZH 72 D, FIFRFAIFHE IR ERHE R

RREEEEIRICBZ S DIF 2 W2 E, FEBRESR
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MCELTWREE LT, 2 WELMELERHL R
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Eh TREEL T RS ELEILERL ET £ T,
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OIS G 2 2522, TH— HR &b 3K 240 s
TR BB1BE 15 93-98 (2003).

EIGkEE, A =, EER— (2002) 1 YA TIFEOY]
PR N O JE 9 > 2 2 aa /v A Nannochlor-
opsis oculata FSHINEEFE, KB 63, 55-63,

T.Nash (1953): The Colorimetric Estimation of Formalde-
hyde by Means of the Hantzsch Reaction, Biochem.].,
55, 416-421.

AR, FEEAER (1998) [ HRE O A R BT T K
V=) UEEIZOWT, Bull. Natl. Res. Inst. Aquacult.
No. 27, 43-45,

HBER, M OMESL, FHZR, HEEE, dtE 7 (1995) -
A F IO LEREBRER L Bl ~DF >/ 7aa”
¥ ADRMENE, HAKEFSFE 61(6), 912-918.

B YN WS e



YR AR B IE IR 5 Nannochloropsis oculata ST-3 BRI 2 RV AT VT & F OB T 258

2 §

KEFIHOFEYIESIC B VT H o L Y EES 2 77 > 7 b > O—FEOUGE M EMF E EIR S Nannochlor-

opsis oculata (ST-3#E) DOBFEIZN L THRNVAT VT E RNE 2 2B 2mET L7z, "VAT VT E FIEED Sppm ML
TCW, MIEICTEE L A 572, 6ppm LA ETIREBENE < 22 1 DN THFEAEN K & { % - 72, F#iZ 10ppm
RVATIVTE ROBIEDOSE X, 9 HMOFBEMSHE SN, & O ICEFERRICHE S Bt o RV A 7 V7 & gk
BPHIE LI & 25, HBRHEIET 212065 THRVAT VT £ FEEIZEA L2, 10ppm RV A7 VT & R CHREIEL 72 5&
HWHIOMILE v, HU 10ppm RNV AT VT & R ICTHE L 85 CHRLAR 2 BIR L £ 25, FHEMEE2 9 Hl» 5
2 BRI LTz, S o TSR fE D B O RV AT V7 & RIEEERHIE LTz & 2 2, MEIORETE & 417 35 2355
DLz, ZOFER»S ST-3HRITRNVAT VT E NOBRETNICHIGT 2688 %5F> TW A AEELF 2 5 5. 10ppm
RIVAT VT E R TEEFEL 7 ST-3 OMIBIPNC BT 2 "V AT VT E RIBEZHIE L & 25, 1.8ppm B S 7,
CORERI Y, HFNIZERVAZNIZRVAT VT E RO 80% 1%, HIINICHEET 28 L7-7 3 /7 HEKIGL TA
SUREH LIRS FE Z 515,
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