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DNA Content in Phytoplankton Nucleus
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Abstract

An improved method for staining DNA in phytoplankton nucleus is proposed. The method is for
use in microflucrometry of fluorescence emitted from DNA stained with 4', 6~diamidino-2-phenylindole

(DAPD).

Tris buffer composed of Tris (hydroxymethyl) aminomethane, 2— mercaptoethylamine hy-

drochloride, NaCl and EDTA~2Na yields low decay of the fluorescence under excitation light and stable
intensity of fluorescence for 14 to 30 hours after staining. The low decay and the stability results in

low variances in DAPI fluorescence.
species.
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Suitable concentration of DAPI seems to be variable according to
The method was applied to a natural population, and confirmed that cohorts were resolved
well enough for cell cycle analysis of phytoplankton,

phytoplankton + DNA + 4, 6-diamidino-2-phenylindole (DAPI) « microflucrometry -
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EEIFALID, WOBELRARKICEDTHW I LT
EbEVoFEND L,

LA L, FDC #CH 5 R 585 ORER, ©
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CHANG”, CHANG and CARPENTERY) , T Wi TIIE D5
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e, MEEMO GZ+MlloMilto#a xRS T
FDC % TEBLDTHbL, Thizky, 1~ 20HH
FREE OIRHLIN RS CHEE B RIBMUE 2 RRES 5 2 &5
Tdhb, LirL, TONHETH DNA DB ORBED,
i Wk & b, CARPENTER and CHANGD, CHANG and
CARPENTERY |& DNA ®EHt i 4, 6-diamidino-2-phen-
ylindole (DAPI) % Fi\>7z, DAPL & 340~ 380 nm @)
AT T 480 im Frl & Ll % 583 5 dtes
BTHY, DNA O A-T HIEHICHERBIIESL, %
¢ DEWREHNIB VT DNA Fit & DAPL 40U E @
HIid & Do TRVIERMEGRSRD 5N TW BT,

DNA #2450 8 < RAT D B 790121, DAPL #a il
LB EIRAEOHTC, WER OO R HRE D
BGBLI L AR bOMEAEEL2TRE RS 4
1y, CARPENTER and CHANG™, CHANG and CARPENTER® &)
JEETIREHEN T o DNA S oEsH Y,
Pt B DURHEDSREETH ), WEHLIEEL Y
Ao W7 S vy ki TiE DAPI Hef o
Bz, FREEAI O/ BT R BT EOR
HALETH D, TOLHRAGHIERVIERIT) 2
DO E LT, FHERIEHT CoHME DRI AVN
v, WA RELTYS, Mo gHEo
ML R EHICT 2O EMRE CV) hdnles
HiF, PetadethiIMFEMA, REMB 752 b it
il &, oA BHOMLE KA.
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1. R&EFHH

DNA &R GLMTHILLTEY, 2TOHN
DNA A% CTdh 5, B FRIKD Chicken Red Blood
Cells (C-RBC) (SIGMA CHEMICAL) %l & LT,
Yot LM OBTFICH VW oo MATEEEINR & U CliEs
@ Gymnodinium mikimotoi DREFNEE H iz, T/, K
WA T v o b, 19924 4 A ISHEFRROKEEE T
FFE TN — A OB EIRIM L 72,

C-RBC @R R Lz, M) ABEH (20
mM Tris (hydroxymethyl) aminomethane, 20 mM 2-mer-
captoethylamine hydrochioride, 100mM NaCl, 10mM
EDTA-2Na, pH8.2) (HaMaDA and Funral® #8048 2
MR L7 SHERIBRE LTINS 5°C TREL
7ro MY AEEHEE Tris (hydroxymethyl) aminomethane
4 U° 2-mercaptoethylamine hydrochloride O fEf 12 & »
T, HHROMBELIM T L5RIH B LR THS
(HamADA and Fuirra) ™ b 1) ZBIHROMEEEL S
FEETIE Tris (hydroxymethyl) aminomethane & 2-mer-
captoethylamine hydrochloride @ % 1 | LIk 5
&1z L &, NaCl 3 & U EDTA-2Na i i LS
ot TOLOBATRESELS & pH bE{LL
Fro FRAG WAL RE 1L Tris (hydroxymethyl) aminomethane
BETED L

G. mikimotoi}d £/2 B (GuiLLaRD and RyrHER) ' €
D38y FRAFTEHUNEER RN LT, (3
EALDHBA GL ICH D LTS iy 2%
glutaraldehyde (v/v) CTRIE L7z Mifgdgetaniiicx s
/= VTRERBE MM Lok, BRATHRE L
ZhiE, oo T 4 L ORBHER L DAPL DEEHERED
Th-TBY, 700740255 DAPLHEDMEE
i Thb,e

C-RBC & G. mikimotoi D ¥t )% Fig. 1 1R,
C-RBC REEW Sl &2 a0 7 4 MIED G. miki-
motoi MIMLFLIS M) AR 85040 % A, DAPI
(POLYSCIENCES) ®# A7z MM OZ®EZML,
Mo B B ¢ Ao, Triton X~ 100 (SIGMA
CHEMICAL) # 1%i2% A & 52 & 72 (TAYLOR and
MILTHORPE) *? #%, HefaiSix i/ £ CoM, MHTIC5
°C TRIE LTz REHM TS v 2 by OREHEE G
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Powder of C-RBC

rinse with distilled water
Cell pellet

suspend in Tris buffer

store in dark at 5°C
C-RBC stock solution

Fixed Gymnodinium mikimotoi
extraction of chiorophylls
with methanol
rinse with distifled water

Cell pellet

Biological materials
—suspension in Tris buffer (0~50mM)

DAPI(0.01~5 wg/mi) and Triton X-100 (1%)
stain for 2~98h in dark at 5°C
centrifuge about 800rpm for 10min

Cell pellet
mount on glass slide

Microfiuorometry

Fig.1 Staining method for measuring nuclear DNA con-
tents using microflucrometry.

mikimotol DENEF L TH D,

T T ol BB AN, MU ABRITEREE 0~
50 mM, He@ L 2 B A & O8I, DAPL D%k
JE 0.01~5 pg/ml TH b, F@lHoBEIZiE C-RBC
TV, BATHOREE & DAPI O #GREE DR IZ I
C-RBC & G. mikimotoi % V272 Betb {6124 800
rpm, 10700 CELaBEL, B MlaRiEAs4 Koy
AEDY, HX=TF A PR TERE RIS 20
=FaT7EHAL, & L

2. TMEADWH

M DNA EOWE I, HH B ELHMET (Nikon

VFD-TR), TV#H # 9 (b.L@ifEH CTC-2600), TVE
= & (iR R PM-123T), WHEMATEE (R

& b=y AREAT DVS-3000) A5 & s 8B H .
W7y L LT, BT 40y IF365nm, HHEH
740y = IF480nm, WL 7 4 &~ LP420nm & ¥
4704y %35 400nm (DM 400) AL,
X 200 W DKERS » 7 (7 P4, USH-200D) T
rzo BHME 14 FNICD &50M & L, EHWmEN i
1S 720 256 3HCIFo 72,
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Fig. 2 Variation in DAPI-fluorescence intensity as a func-
tion of concentrations of Tris buffer in chicken
blood cell (@) and Gymuodinium mikimotoi (b).
Error bars denote two SDs. Cells were stained
with 0.5 ug/ml of DAPI for 24 h.

Tid, C-RBC @@L 20mM T <, CV Tt
mM TR KEW (5.1%) 25, FRUSE CV NG
¢ (38.3~4.3%), WBEMTRELBEIR NS
otz (Fig 2a)o —H, G. mikimotol ¢l 40 mM LLL-
O CHOEMIEAST 25D (Fig. 2b), ¢ RE O,
30mM & 40 mM Thk p<0.01, 30mM & 50 mM Tid p
<0.05 THEILED» o

UV hesk 2088 L CFir 70 & & OWEME OmRE R

C-RBC Tid 20~50 mM DBREEIZ B THS {, RS
20mM 2BV TIZIOR T2 7% OBEISR &, 608

BTLNBDMWHETH 72 (Fig. 3a)o G. mikimotoiTld
C-RBC D& BA D, REMOEFIEALRGN
T, BB TEBEEOBERBE L2 57 (Fig 3b),
Bilhs, bM)ABHEOREE LT 20mM (10~30
mM ’C.LM{) AR R I (A

2. HEREE
0.5 ug/mi{ DAPI, 20mM b Y ABARIZH115, C-
RBC @ ¥t 1 oo s & A #0iRE 0 &L % Fig 4
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Fig.3 Decay of DAPI fluorescence with time in chicken
red blood cell (a) and Gymnodinium mikimotoi (b).
Concentrations of Tris buffer was varied from 0
to 50 mM. Numbers indicate the concentrations in
mM. Cells were stained with 0.5 ug/mi of DAPI
for 24 h.
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Fig.4 C-RBC. Time course of DAPI fluorescence with
staining time. Error bars denote two SDs. Cells
were stained with 0.5 ug/ml of DAPI and 20 mM
of Tris buffer.

IR, B thl40m F TR ORI L v, £
D52 LIRS, BAafhd80EH 28 & 5 & FUH
JEDREEATR & iz, BB ARG & 30K Ol B3
WTRRELERL (F,=0.15ns, P>0.05), #w
MEME LR, CV /hEhol (4 1~3.6%). G
mikimotor "C & R IZ ) 10WE [H #27 & 308 I & C A0k
B IEEEE Lo Db, BmBEMHI24MEM & L7,

3. DAPIEE

20mM b AR, Hefa i IodmEIIC BV CHEDE
B 1 DAPL I3 L CRRRIB O R IF 2 /R L /2
(Fig. 5a) o C-RBC Tid 0.0lug/m! & DAPI Wi Tl
OEIRAFG L, TV EZ Sy — TR G2 ET 2 & HH
MTHote TORD, MLEMED CV I325.9% & K&
B tze BELTREEDLEILIE, 0.5ug/m! £ Tid DAPL %
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Intensity of DAPI fluorescence as a function of
DAPI concentration in chicken red blood cell (a)
and Gymnodinium mikimotoi (b). Error bars de-
note two SDs. Cells were stained in 20 mM of
Tris buffer for 24 h. Note scales of Y-axis are
different between the two panels.

Fig. 5
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Pheto 1.

DAPI fluorescence of Gymnodinium mikimotoi stained in 20 mM of Tris buffer for 24 h with various concentra-
tions of DAPIL. The concentrations were 0.01 pg/mi (a), 0.05 (b), 0.1(c), 0.5(d), 1(e) and 5(f). Scale bar=10
4m.
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43.8~5.5% &/h S WliETR L,

G. mikimotoi T1% 0.01 pg/ml ¢ DAPL BIECH it »
EhELAgelonid, CYVNIBTH LRKEhs
7o (Fig. 5h) o HOBMEEDZEILIE 0.05 pg/mi UL L ORI
THRERE{LERON R Dol CVIE0.06~0.5
ug/mi TS 0~5.3% & /N & o oS, 1 ug/mi T,
9.8% & RELMBER LA, MBHEDRMIRELADL L
(Photo. 1), 0.5 ug/mi LLF @ DAPL % i3 il LR
M &2 B3 EDEEAM RO 5 i v (Photo.
la~1d), 1pg/mi DT ic B 2 dutad®d b,

REEORK & 2 o7z (Photo. le~1f) o Sug/mlIZFE o
TIARE L ORGP IMTE R LY, WEARTHE
’G% 2 f:o

4, KEHEWMTS LU bADER

LRSS, BN RE LRS- 2, Wb
Dhnigeti et Chb 0.1 ug/ml DAPL, 20mM b 2
R, AR 24 ] TR & D 8 R I
LTt %975 720 ST 5 L HEEDE Thalas-
siosira hyalina (Photo, 2) 56 X -8 0RIEL A b 7o
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Relative DNA contents

PFig. 6 Histogram of relative nuclear DNA contents of natural population of Thalassiosira hyalina.

Four

cohorts were identified, one at G1 phase, another at G2-+M phase and the others at S phase.

Photo 2. DAPI fluorescence of Thalassiosira hyalina (bright circles) stained with
0.1 ug/mi of DAPI in 20 mM of Tris buffer for 24 h. Scale bar=10um.
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LT UTH - 05— MR 70 79 29% Hun
THR SO LM O 2 Ah 7 (Fig 6)o ZOME 4
DOk A SN FHRERMAS 2 50
2 EOEFHE 13.85 (dr=12) THh, Tofiiaas
i CH o7z (p<0.05), HTHBLNAZE -2 D
HIBOWMEEEHIZH LT, DNAGHOAENIES
75253, 22.3, 13.0, 39.6%Thh, +NE—r o
CV @ #h#115.9, 12.0, 5.6, 15.1%Tdh 72,

£ £

DAPI #3EnPsg iz, SHHMEDEHMEI0 UV fhig
FHw B2, il L7 UV BT Tl ast o
&, BBHOBEOIY AKOBIZERMEHIELT S
CENMBME R B, TOROIZ, UV OB OB
WV IZ & T, DNA OB U5 T & A%ET
BN B, CHANG and CARPENTER® “C i Mcllvaine #% il it
FHGEH, ESOETCIRIEOBESE L L, C-
RBC T, Bl i 008 THS0%ICIRT L, 20
M % JR$ % 7212, HaMapa and Furral® o 1y 2
Wil v, 2 ORWIIE Tds (hydroxymethyl)
aminomethane & 2-mercaptoethylamine hydrochloride 12
BENL SHEDHERIZL Y, HBEOBENF LA
Livh E#EZ BN TWA, Hamapa and Fuirmal® o3
7o PO TH Y, FREBRTEHB MDD
I E R 2~mercaptoethylamine hydrochloride #§ 11 %)
RBB N o lons, REOWEIZESTZHNTHS
BAW T, C-RBC TR L 20~50mM, G.
mikimotol TIEAETOWRE CHICOWHIIZL A LS
TEDLIEDMADH SR, 4512 C-RBC T 20mM @
WL BT, 10 TL2. 7% 03 i &3, i
B CV b4 1B LS WS, F72 G mikimo-
foi THRELIEEIBONADT, b ARMITER
L 20mM A% & L7z, Hamaba and Funmal® ¢l
Ty FONMET 1I0mM b ABEECRITFEHRE
Blehs, WS I o b rEETIRERL D LB
ReZeilhs,

DAPI #4812 & 2 80 I e S & - TRBI L
729, Bt B 1AREIN 2> O S0WERY O I ClAZesE L oS
Bodsz, Zhid, YAMAGUCH™ 7= (245
%t B, CuaNG and CARPENTER® {2ttt 1 W%

DWMER L DL DR R /225, BB U8R, dOER
AL E TIIMMRTEE L CORVOERE L
THOWAHHPRL LI EbH BN, it DTHERD
R TEBWBEROAK E pH O 2 s b,
AR TR BB & 0 RIGHZE L r o n
LI e, HofEd Laronl@Eiihsiznll
ZLOMMEET B, REBMM 7T v 2 b B
DNA il b RBI D HE TR E & 5,

DNA #efs 24751272, C-RBC Tl 0.01 ug/mi
O DAPL BIE THIOBNANGC, TV B2 o — (2Bl %
BEBETIENEBETH Y, ToLBIlHEHRED CV
bR&EL B, TOT EHH DNA B 1234 5 DAPI
MR, 0.05~5pug/mi B TH L. —H, G miki-
motoi T 0.01 ug/mi @ DAPI T, CV IZKE s
W g2 S, L L, BUS OIS o
KR SN, 1 ug/ml @ DAPLIBIECIZZNA L Hifi<
wY, 00 CVHEREL Lo EBERONL, I,
Sug/ml @ DAPL BRI B T, HIKRHE AN & R
DHOCBETHRB &N, MRH LHoEEIHT S
EWTERLS ol B2 S, G mikimotoi T,
DNA #ett {2884 % DAPL i 12, 0.05~0. Sug/mi A%
BTHLERDNDL, 0L REVMFEERL~RE
LC, DAPLICH ¢ AR, & CICHRTomK
E, HnHiigo k& 8DEELLND, C-
RBC itk 5um &8 L, G. mikimotoi DL 20~
30um &% HKE WV, G mikimotoi D& H 2, KT
Ty o bl MRE S RE SRABIESH D, S L
7ML Tk DAPLIME & RV CHEME 8o 5 L%
H<{DNA 2T H &l 25, $72, Mlak
DRELHRLTIE, FOMHE TR 80 & LAEEH
5T ENTEDN, HRBONS R T, #HEH58
WEZFDREIES E NI DH T LW E S, G
mikimotoi O & 9 % BB TIRILEBWHE K E VY,
W 75 o b & UCHEBELREBEO Skeletonema
costatum =2, Nitzschia pungens 7 &\&, ¥H % um &/
SVOT, MEREED DAPL 28 E A b, Lwo T,
KKK TS 2 + PR BE, BhTLHd %
VIR ETAMOBORESICLD, FMRE O
BOBRBIZLD, DAPLIBERER 52 LML TH B,
72751, Dinophysis % Gonyaulax 7 B O WHCI,
OIS/ HEL L, 2oREErS0R
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Photo 3. DAPI fluorescence of Dinophysts sp. Staining procedure was the same as Photo 2.

Scale bar=10um.

WA HRTHE LA Wi, ErboRbErHERL
WEEFTH) &ML HiLH D (Photo. 3) o SO
WEET AT IR NEMERTH B,

T. hyaling Tl Photo, 2 IZRLONB L H 12, HOREY
DHRE DR OB E V0T, DAPLIEER 0.1
ug/ml EARDIZHE L CiT o720 2D & ED T hyalina
O DNA f454H 61, Woo k- a5l shi:
(Fig. 6) G2 W& M l> DNA &z & i Gl Mo
2 THBHZ L b, DNA Gibh S TR & 083
HBIEWTERVOTEL G2+M &+ 5. DNA
D - N Ba R~ bFGILHITHDI LD,
FOBOERO T R— ML G2+M B HET 5. W0
T bOHO 2ak~-MaSHIZHoTe Bhbs,
Fig. 6 @ T. hyalina WETETI225. 3% OHEAT GL WIS,
35.3%%% S Wiz, 39.6%7%° G2+M licdh -7/ &ilh
Bo KYMpss o b ridAMSRLTHLEERLS
RBOT, ZOL)Rodk— Mlilie 1 ~ 2B &I
4RI LLLEAT S O & T, FoMAB oML o TS
BHAE 2 KD B Z EHTE D,

B #
DAPL #:A8{2 & 581 DNA SEOME 1T 9 7201,
i % DAPL Jefuihidfir¥a 2 & 2 HIE LT, B
#, HefulR, DAPL B ICH 4 BE 2470, KEE

W75y b BN OIBEE R A, BRI
Toith) THb,

1. b REBAER (20 mM Tris (hydroxymethyl) ami-
nomethane, 20mM 2~ mercaptoethylamine hydro-
chloride, 100 mM NaCl, 10 mM EDTA-2Na, pH 8.2)
MBI LT, IEXT TORBOBMEIALS
NI EPHEER S L,

2. VBB S30B M OMICHERT S & T,

SR DA E T BLENI R B o7

WHETHMIIL - T, DAPLIIE %42 B3

Wb,

4. AW CTRLRBENIC L » TR 75 » 2
b AICH LT, MIRIRAT 24T 2 L AT B
THhbo

i i3
Gymnodinium mikimotoi B R BURUKHE KSR T
IR OF N2 655 LTI o KEBEB ORE
THRBGUREE R E T KRR R E &2 > & — D ik
THIHEE 2, RO IR KT S,
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