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1.1 ( Skeletonana costa—

tum )
F/2 )
: : 12h: 12h 66

Hmol photons m’e s 22—25C
1.2 PCNA Cytd
1.2.1 RT-PCR 10 ,

TRIZOL (Life Technologies Carls-
bad CA, USA) RNA, S0HL DEPC

, ML Ipmon- " R everse Tanscrptase ( Pro-

mega Madison W1 USA) s

2081, oligo-d(T) 15 1ML DNA
Ex Taq (TaKaRa Japan) PCR ,
Prmer Preanier 5. 0 PCNA

( fp 5-CAGTCTCGGGTTCAATGCGGG-3
mp 5GGATA CTCCACCACCACAGGC-3);
SOLL: 0. 4Emol/L , 1 xTaq s
I. Smmol/LL MgCb, ATP dGTP dI'TP dCTP
0. 2nmol/I, 0.5U Tag DNA , dDNA 1HL tem—
plate 94C 5mmn, 30 (94C 30s
55C 305 72C Imin), 72C Tmn Cytb
GenBank
(Thalassiosira p seudonana )
Cytb , (fp SATACGCTT-
GGAGTTTTGGGTCTTC T-3 m 5ATGAGCCGGAGT-
TGACATAGGATCT=3), PCNA;

: 94C 8min 35 (94C 455 52C 455 72C
Imn), 72C S5mmn MDI18T
(TaKaRa Japan) s

(ABI3730 capillary sequencer)
1.2.2 PCNA 3RACE RE-PCR PCNA
(1. 2. 1sectbn), 4  3RACE (bt
AAGGAAGGTGTCCGGITCTCAGT. Adaptor dI: GACTC-
GAGTCGA CGAATTCAATTTITTITTITTITTIT; A dap-

tor GACTCGAGTCGACGAATTCAA; $2 TGAGAAG-

GAGGAGGAACGIGTTATG) 1ML

RNA Adaptor dI DNA
Ex Tagq Adaptor Adaptor dT

pl PCR :94C 5mn 25
(94C 305 50C 305 72C Imn), 72C 10m n

PCR 50 IHL  Ex Taq
Adaptor  p2 : 94C

S5mn, 35 (94C 305 50C 30s, 72C Imn),

72C 10m in

1.3 PCNA Cytb
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LB , 2mL. LB
( 100Hg/mL ) 37C
10001 /m in
( S0mmol/L TrisHC] H 8.0Q
10mmol/LL EDTA, 20Hg RNaseA )
100HL (200mmol/L N&OH, 1% SDS),
, (3mol/L potassum ace-
tatg pH 5.5) 120HL / / ,
3mn 10000r/m n
200HL
10m 1 ,  10% ,

Im in ,

3m n,
DNA, 1 2000r/m in
401 1,

( Beckm an

DU 640) 260rm (OD),
: ( copies/mL) = (OD
6.02x107) /( x 660) PCNA
1x10 copies/HL 10
copes/HL, Cyt b 2x10’ copies/HL,
10 2x 10" copies /M1,
-80°C
1.4 PCNA

x ) x

1x10

Cytb RFQ-PCR

, Prmer Premier 5. 0
PCNA Cytb RFQ-PCR
TagM an , 5 FAM 3
TAMRA ABI17500
(Applied B bsystens Incorporated )
PCR , 8. SH,
2 xTagM anhf Universal PCR M aster M ix 12. 5K,
( 10Hmol/L) 1HL, TagM an
( 10mmol/L) 1HL, 1HI; PCR : 52C 2mn,
95C 10m 1 95C 155 60C Imin 40

( Invitrogen , )

N RFQ—PCR CT ’

, PCNA a
b Cytb cd ILL
RFQ-PCR ,

1.5 RNA
100m g

) B

, 6 RNA , 1BL

ADNA RFQ-PCR s 6 Cr
1.6 PCNA 1.5L
: 1.2 10
cells /mL, (O bmpus Hanbug Ger
m any) )
( A B Q), R
RNA, RT-PCR cDNA,
1ML dDNA RFQ-PCR RFQ-PCR
DNA PCNA s
PCNA : [ (PG
NA copies/HL. dDNA) x (20ML cDNA /ML RNA) x
50 BL RNA | /( )
1.7 PCNA
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, 3L )
4.0% 10" cells/ml, 4
, 3 ;
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s : 2
, 1.3x10° cells/ml,
PCNA
2.0x10
RNA . RFQ-
PCR PCNA Cytb , Cytb
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PCNA REQ: REQ = lg(PG-
NA /Cyth )+ 10
2
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RT-PCR 522 bp PCNA R
PCNA (Gen
Bank AY 173027) 98&% 3’RACE
, 786 bp  PCNA ,
( 1) Cytb 714bp
NCB I (EF079088)
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1

TTGGGTAGATTTTGAGTGTGCGGGAATGATGACATTATTACGCTGAAGGCGGAGGATGAT
GGGGATGCGTTGACGATGATGTTTGAGAGTCCGAATGGGGATCGCATTGCTGACTTTGAA
CTGAAACTCATGGACATAGACAGTGAACAACTCGGAATCCCAGAAACTGACTACAAATGC
ACTATCCAGATGCCCTCAGGCGAATTCCAACGTATTATCCGTGACATGCAAGTTCTCGGA
GACACAGCCACCATCTCCTGTACAAAGGAAGGTGTCCGGTTCTCAGTATCAGGAGATCTT
GGTACAGGAAATGTCCTCGTTCGTCAAAACAGCTCTCATGAGAAGGAGGAGGAACGTGTT
ATGATTGAAATGCAAGAACCTGTGGAATTGACCTTTGCGTTGAGGTACCTCAACTTCTTT
ACCAAGGCTACTAGTTTGGGAGGTACAGTGATTTTGTCAATGAGTCCTGAGGTGCCTGTG
GTGGTGGAGTATCCCATCGGGGAGACTGGATACATTAAATACTATTTGGCACCCAAGATT
GATGAGGATGAAGAGTAAATGATTGAGTGGGGACACACCGAGGGTGTGTGACAAGAATAA
TGAAAATATATTATATGTTGGAATGATTGAGAGGGCGTTACTTGTGTTTCGGATGATCAT
GGTTTGATATGCACGAAGCCATCATCACCCAGTATTCTCTTTCTTAGTCTAAATTTCATA
CTTAGCTTTTTAATGACTGTTAAAAAAAAAAAAAAAAAAAAAAAATTGAATTCGTCGACT
CGAGTC

PCNA RT-PCR  3'RACE ( RT-PCR , 3’RACE

60bp

120bp
180bp
240bp
300bp
360bp
420bp
480bp
540bp
600bp
660bp
720bp
780bp

786bp

)

Fig 1 Sequence ofS. costwtum PCNA (The fragnent with underline was the fragnent got by RI-PCR, the fragnent of shadow was

comp lanented by 3 RACE)

2.2 PCNA Cytb 3, DNA Cr (
2 3 Cr
s s PCNA ty = - 3.055% +
159bp PCNA 165bp Cyt b 41.093 x vy G,
, ( 1, r=0.999 Cytb y = - 4.0x
RFQ-PCR , + 44.96, r= 0. 997
1 RFQ-PCR
Tab. 1 The sequences of the designed RFQ-PCR prmers and Tagm an probes
Sequence SG-FQ-PCNA SG-FQ-Cyt
5AGG TGT CCG GTT CTC AGT ATC AG-3 5GTG TTG AGC ACA TTA TGC GAG AT-3

Forward primer

Reverse primer

5- AGT AGC CTT GGT AAA GAA GTT GAG G-3 5- GAA CGC CTG AGC ATC AAA GTA A-3

Tagm an
T 5-GTC CTC GTIT CGT CAA AAC AGC TCT CA-3 5TGC AAA TGG TGC TTC AAT GTT CTT CA-3

aqm an p robe

2 PCNA RFQ-PCR
Tab. 2 The RFQ-PCR results of diluted PCNA phsn d solutons
D ilution 1: 10 110 L 10 L 10* 12 10° L1 L 10
PCNA
Comespond ing PCNA copies 1x108 1x 100 1x 10 1x10° 1 x10* 1% 10° 1x 10
(Copies/ML ¢DNA)
¢ +
16.68+0.23  19.89+0.44 22.89F0.16 25.51%0.16 28 74%0.12 31.09%0. 13 35 46%0 11

A verage C; £ SD
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3 Cyth RFQ-PCR
Tab. 3 The RFQ-PCR resuls of diluted Cyt b plasmid solutions
D ilution 1: 10! 1: 10 L 10 I 10* 11 10° L1 I 10
Cytb Corre-
gonding PCNA copies ( Cop- 2x 107 2% 10 2x 10° 2x10* 2x10° 2% 10 2% 10"
ies/HL cDNA)
Cr +
15.96%£0.04 18.52£0.03 22 54%0. 10 27.46 £0.30 31.95%0.23  36.36%0.39 39. 16X0 18
A verage C; £ SD
2.3 PCNA Cytb RFQ-PCR Cr
2 2
abec d 4. 00 s P=0.05 , RFQ-PCR
3 4 .
x10 3.33x 10 5.50% 10" 8.25x 10 cop ies /ML, ,
RRFQ-PCR, (4
4 PCNA Cytb RFQ-PCR

Tab. 4 Canparison of the given and measured con centrations of S. costaim PCNA and Cytb plsn

Cr +

RFQ-PCR

M easured con centration

G ven concentration

t

Analys® of variance

Sample Average C, £SD
( copies/ML) (copies/ L) (leiiea =4 30(p=0.05 n=3))
a 23.54 £0. 50 (5.85%2. 13) x 10° 4.00 x 10° lel= 1. 22< 1 i)
b 30.61 0. 06 (2. 70 £0. 12) x 10° 3.33x10° le1= 2. 37< o riieal
c 25.83 %0. 34 (6.14%1. 17) x 10* 5.50  10* lel=0-77< 1 4
d 33.41 £0. 06 (7. 71 £0. 26) x 10 8.25 x 107 le1= 2. 95< e ijea
2.4 RNA RT-PCR R ,
7d 100mg/ ., 6 ,
, RRFQ-PCR Cr 24.46 A( 6d ), B( 11d ),
23.64 24.51 24.61 24.41 24.45 6 Cr C( 18d ) RFQ-PCR C,
1. 5% PCNA
2.5 PCNA
(5
; . 2.6 PCNA (REQ) (1)
’ 2.6.1 PCNA REQ U
1200000 | B 11 ,
E [ ! PCNA  Cyth 3 4
3 1000000 C yt (3
3 r 08 R
= 800000 \L Q
- A (3 W
ﬁ 600000 |- A PCNA RE ’
3 ! N\
& 400000 | Cytb
£ L
2 200000 | , Cytbh
& I 7
0 A_M a1 PO (TSN TS (U S| l’l PCNA REQ
0 2 4 6 12 14 16 18 20
b= 0. - 2
1% [ Culture time (d) ( 4)’ 0 273REQ 202
5 r=0.90

Fig 2 Growth curve of S. wsiwtum n culure
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5 RFQ-PCR PCNA
Tab.5 Resuls of RFQ-PCR for samples and the calculited PCNA copies/cell n different grov th states
C PCNA
Sample Growth rate (') (/d) Cell nunber ! PCNA copies( Copies /cell)
A 0. 742 1. 26x 10/ 23. 48 46. 200
B 0. 002 9. 60x 10 28. 99 0. 950
C - 0. 104 3.75% 10 31. 40 0. 040
¥ h= (I, - WX,) / (T1-T2), X,: Tl Xy T2 (2]
# U= (X, - IX,) /(T1-T2), X,: he celldensiy of Tk X5 the cell density of 72! 21l
o ! I PCNA REQ (6,
=) 3 “
E 1400000 _ 3 300¢ {10 5 U= 0.375REQ- 2.79 r= 0. 97
= [ 55 =110
1000000 |- .& i 219 ) 3210 4100
g £ 200 Jos B & E 1400000} 3 {10 -
5 800000 S § £, ® ] 180} 2 s
- S o4 218 R 3 1200000+  § 085"
T 600000 F 4 = 100F 2 ®” < = 150F R 8
o v 102 817 & 2 1000000 -1 2 T 19.0 2
400000 < 2 < 3% B B HE 120k 106 ® z
£ 200000} Z & Joo E 46 g 800000r 4 3 5485
- 28 of o S 600000} 5 £ 2] &
§  olo< e S, s 3 68 o2& 80z
& 0 5 10 15 20 25 & 400000+ = § 60F R ®
- 14 3% ] Culture time(d) § 200000 g 0k 0.0 ﬁ 475
& ol 5 o - —sl02 170
B3 54l A PCNA 55 Cyt b 2 AR 602 b g 0 2 4 6 8 1012 14
Fig. 3 The variation of the PCNA and Cyt b expression in groupl HiF R Culture time (d)
O : 4 MI%BE; A 4 K% ; @ :PCNA Kik it ; M :REQ; T [ .
e S 55 4P ¥4 PCNA 5 Cyt b 3 Y 23k it 28 4k

O': cell density, A : growth rate, @ : the expression amount of PCNA

gene, I : REQ; The same as follows

12
MO =202+027REQ .
S [ =090
= 08
3 I
g 06}
g 04|
% L
ol 02F
# L
0.0 |
L [
_02 i 1 1 A 1 i 1 i 1 i 1 A 1 " 1 i
60 65 70 75 80 85 90 95 100 105
ML RREQ
B4 55— %M PCNA REQ 54 K& (p) B % &
Fig.4  The relation between the REQ and the u in group 1
2.6.2 PCNA REQ U
14 ,
PCNA  Cytb (5 2
L REQ
Cyt b 14

Fig. 5 The variation of the PCNA and Cyt b expression in group 2

4K # Growth rate (u) (/d)

12

1.0 -

© o o o
[3%) F =S N oo
T ] M T v T v

o
o
T

11=-2.79+0.37REQ
r=0.97

1 1 1 1 1 1

-0.2
6.5

70 75 80 85 90 95 100
HIXf ik BREQ

F6 54 %4HH PCNA REQ 54 K& (u) WX R

Fig. 6

The relation between the REQ and the  in group2

PCNA
PCR

DNA RNA PCNA
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expression ofCyt b
O: DA ; @ Cyt b
s A Cytb
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anount of Cyt b gene for group L A:

expression anount of

Cytb gene forgroup 2

(46.2 copies/cell), 11d

, PCNA (0.950 copies/
cell), 18d , PCNA
(10.040 copies/cell) , PCNA
PCNA
) (2—=5d)
1/d PCNA
, 292 copies/cell
, PCNA , 9—12d
, PCNA
, 0 , PCNA
(< 0.10 copies/cell)
5 )
(2—54d) , ,
1. 03/d, PCNA
s 201 copies/cel)
, PCNA
, PCNA
3.4 PCNA
RFQ-PCR PCNA  Cytb
,  PCNA , Cytb
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PCNA
PCNA REQ = lg[ PCNA
/Cytb 1+ 10
REQ , PCNA
PCNA
PCNA ,
PCNA

) PCNA
RNA
mRNA
, mRNA  Cytb
, , RNA
4 6 ,REQ
, s Cytb
PCNA ,
( )
PCNA )
PCNA )
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RELATIONSHIP BETW EEN PROL IFERAT NG CELL NUCLEAR ANTIGEN GENE
EXPRESSION AM OUNT AND GROW TH RATE OF SKELETONEMA COSTATUM

HE Shan-Y ng, YU ZhiGang and M IT ie-Zhu’
(1. College o E mironmental Science and Engineering Z hejiang Gongshang University H angzhou 310012 2. College of Chenistry and Chenical
Engineering Ocean Unwersity of China, Q ingdao 266003; 3. College of E nvironn entalS cience and Engineering, O cean University of
China, Q ingdao 266003)

Abstract The m ensuratbn of the physiological and ecological paraneters such as the in situ giow th rate is the basic of un-
derstanding the regulation of phytoplankton dynan ics constructing the eco bgical dynamic models and even forecasting the
happening of red tide W hile a correctly estinating method of the n siu grow th rate is still lack In recent years the n-
ternatbnal research on the molecular m arkers of the cell cycle has shown that the proliferating cell nuclear antigen (PC-
NA) is of encouragng potential to study the phytoplank ton giow th rate which provides a nev visual angle of study he al
gal grow th rate In this study Skeletonen a cosiatun w as taken as the ob pet whith was a fam iliar red tide alga n Chiese
coast and itsmolecularm aikers about grow th rate were studied n this paper The partial sequence ofS. wstatum pmw lif
erating cell nuclear antigen (PCNA) genewas obtained by RI-PCR and 3_RACE techn rues and a 714bp cytochmme b
(Cytbd) gene fragnent of S costatum w as cloned for the first tine Based on the cloned sequences a RFQ-PCR m ethod
was devebped to detect the S cosiatun PCNA and Cytb gene respectively and the accuracy of the standard cuwves was
verified The equation for detectingS. costatum PCNA w as defned asy= - 3 055+ 41 93 (r= 0 999), wherex was
the logarithm of the p hsmid copy number andy was theC; values The equatons for Cytbwas defned asy= — 4 v+

44 96 (r=Q 997). The above method was applied to study the relatbnship bew een theS. cosiatum growth rate B ( /d)

and the average expresson quantity of PCNA gene in a singk cell In about 3 weeks ailure the PCNA gene expressbn
show ed d Btinct changes in the d ifferent giow th phases andw as consistent to the grow th rate The PCNA expressionw as the
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highest n the exponentl grow th phase ( 46 200 copies/cell H=Q 742). The PCNA expressbn n the stat bnary phase
was lower (Q 950 copies/cell H= Q 002), and reached to the lowest kvel (Q 040 copies/cell H= — Q 104) n the de-
cline phase And n group 1 and 2 the expressn anount of PCNA gene also had large varhtion i different culture pha-
ses and the trend wasw ell consitent with the grow h ratge all ofwh th suggested that the expressbn anount of PCNA
gene correlated wellwith the cell divisbn,  and the PCNA m ght be a pran isihg indicator for the S.  costatun cell prolifera
ton W hile the expressbn anount of Cyt b gene had no obvious varation during different culiure phases which nd cated
that the Cyt b was a good potential house-k eeping gene A new fomula for enun eratingS  costatun grow th rate i the hb
situatbn was established between the grow h rate B ( /d) and the rehtwe expression anount of PCNA gene Inwhidy the
PCNA genew as used as the ob pctive geng the Cytb genewas used as the house-keeping gene and the relatve expres-
sion an ount of PCNA gene (REQ) was used as an indicator to heS cstum growth rate and the fomula REQ = Ig
(PCNA expressbn quantity /Cytb expressbn quantity) + 10 was used to calculate the PCNA REQ. The results of goup
1 and group 2 suggested that he PCNA REQ was well consistent with the grow rate and heir correlation was Q 90 n
group 1 and Q 97 in group 2 So the PCNA REQ m ght be a goodm ethod to estmate the grow h rate ofS. costam. H ow—
ever more experimentwas necessaty to show on the different illim nations temperatuires and nutritbn conditions and even
the spot sanples whether there w ere good relatbnship betw een them all the sane Furthemore a growth mte (H) est+
m atbn m ethod by PCNA REQ could be established This research paved aw ay for using moleai hr biolog cal methods to
enun erating the S wstatm 1 situ grow th rate accurately, and which could provide an effectve appmwach to study the red
tie algae
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