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5 A B 35 %

fE B ( Amphora coffeaeformis ) F1 Z £ £+ & % ( Navicu-
la ramosissima ) 51 3% B & {1 W35 1 S K RV 98
(MAZE WES) L., REFXEREGRSS £
R UE K P A A B U, R &R RE IR AR K 1 R R
BT, REFIEREER, BT 200ml =5
LAY 100ml f/2 BEFREIESE. WEFRBEN
(23 + 1)°C, £ IB5R & 4 40001k, 6 # 4 12h:
12h, B 4—5 K, EMJ B T H K H i
TWM BB, £35S K4LE, . ENER
A EBLHARMATER.
1.2 A ERM(EPS)NESRENAEHRNE

WAER A4S XE RO ERMERETE
B A IR AR A 7E ZEISS Axioskop ) %3 1B B
FTUWE, {f FAEE MC80 B FRANHE,
R BEES TR bR Milli-Q 7K i g %
B BHAANTREER S, AR 5520 &4
B 51 T WEE EPS MR A4 .
1.3 EPS L FHARMMREMNAE

EPS 1132 BUR B ok #F 19 Wustman 25 (1997) ]
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FAHEERAKE 3—S K ABEHME THRENS
R, W E SOml B0 F F, 3.0 Smin (5000r/
min) , ¥ B, VA Milli-Q Kbk, EE 3 K,
BIXE L Smin, RFIETUIE P MA 90% B
10ml, 3£ B 10min, B > Smin (5000r/min), EE 3
W, JE B A Milli-Q 7k /3 3K, B L Smin (5000r/
min) . JIYETE 90CHIZEK P 1h, & .L> Smin
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ter Soluble-WS) , VTIEHF A 0.5mol/L BRR H EATS
W 10ml £ 95C K % 4—5h, .0 Smin ( 30001/
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WI) , 8 PIRD 4 0 B0 7E 2818 K RS AT 24h, W 5E B
M

B % B B 88 - & ) B (Dubois et al,
1956) , B A B A E R Lowry 2% (1951) 87 i,

& 2 o W W R A BK E 8 7 35 (Bligh et o,
1959) .
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ma 53 EPS BB, KBEI A B A2 9=
9 BER T, JE AR 5 40 B 5 T AR AU, 3T TLEE B v ol
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XY . RAFRME EPS A MERE K, 555
BRAREEE T : A, coffeacformis 1 EPS FE K
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Fig.1  Morphology and fine structure of EFSs in three marine diatom species
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Tab.1 Chemical compositions of EPSs in three marine diatom species ( % )
K KA
R
ESi A4S Y fig 2% EZ EHR fE 2%
A. javanica var. subconstricta 83.2 16.8 — 81.4 18.6 —
AL coffeacformis 88.2 11.8 — 96.8 3.2 —
N. ramosissima 91.3 8.7 — 72 28 -

I —"RARRK

BPS R A RIUE A, 45K 18.6% R
28%
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e LI DN 2 € X = Sl o s )
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WAf LU 5 iR e T oKk b o, 3R /ML IR
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W& AT, RE SRR S, Ry m Rt E Ry
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FAERSN  EREARPE P UE —ENIER, B
TP R B, PR 40 MR 5 A e R W AR R BRI
ERTEBS; N. ramosissima B EPS Wy T fB
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3.1
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To 48 1 53 0L B BRI 53 I AL B U = E A FAMW .
7l LML RIS LS BRI E
SrERER , — 2B 5T A Ok B 3R 55 5 4L 53 i ( Cox,
1981; Houpt, 1987; Millie e al, 1981), H AL HF 5T
W0} 32 B o 4 949 43 Wb ( Sicko-Goad et al, 1989), fF#&
BB 35 B, A. javanica var. subconstricta #f i W]
2B WHRSNZRY, I £ T 720 K 5 5w
Re B &R, 1R vl BE R oy BR AL AR s T AL Ak 43 204
N. ramosissima #) EPS #& 5] REZEY\ 1 1Y) — i , HP &
IRERAr SR A, B R 2 3h T B EPS B4 7 i & EPS
M AT RS AR = B i T — 5T ;T A.
coffeaeformis #) EPS W] B th 7% [ bt £l 1 35 4 4%
aab . HETRERKSE RS WHLE A
RBERE EEEMAP LR, A. jaanica var.
subconstricta 7 51 22 B Y1 (W) & B AT 81 A0 & AR
WLAEAFEEXE /DR A XS/ /M
RLEEAEA B H B4, X PR PTRES A S
RYHSUE R(EMES), Hitb— Bk d
R, M52 R4 55 LA AL T e AR B A B B T —
¥ B & /N B 404 4 B (Edgar, 1980; Blun
et al, 1981; Edgar, 1983; Sicko-Goad et al, 1989),
el B 2 BLAH M 7E & WA A 2 IR W BT, 2Ry R

1) BitE, ERE, 2004, e i 72 58 W 45 78 b B 51 2 00 53 005k 7 B Wk 2300 0 B W B 9 ( BE 9 B R


http://www.cqvip.com

D000 http://iwww.cqvip.com|

3 FREF ZHBEEERNASRYES A% HRERO LR 277

$EF & R B K (Schmid, 1988) , AT §E 2 F M4 £ B
Wy &F 4 1Y 5y Wb 32 fit BB & ATP, Sicko-Goad %
(1989) 7E 41 L BR & B T JL B/, AT AT BE AR
ETHNZBMHEBZMBERTLHAR SR, &
B/ O 3 B S0 M AN 25 B 4 00 B R R
AL, A G R E R AR 2 WAL, /B 5 T R
FE R, B 4R Y i (Herth, 1979),
3.3 MSNSERW(EPS)MLFEAR
HERSZRULFARNAREEKER
B EEEE PRI, &R MR R
HHE D, Hoagland %5 (1993) B.45 73X J 1 49 of
AERR EHEERNASRYTERSELUAR,
WA EE - SRS FALBREAR, HAT
ERAEZRY PR EKBAEEY F, Wustman 25
(1997) My f o W) R BA , BE ¥ EPS T EA MU L
HE WA ARFE L RMOED R LY B, A5
REROIFT LRG IR ZFREER EPS &L
ZEERT ZHREMN 0% L BEARSER
ZATHREE, AARLAFRLER, FHIR
EPS /KRB MR A B b K, Xt e M T /E 3§
FhEI M2 5.

4 Hig

ARG RRN RS RYWES &
MMABRMEARMAERKER, XFER
FET HIRERA R, X 25 540 TSR
SRMEM AR, B BRI ERY
B % TR A 1 ST

% x W

SR, BIRE, KHRE, 1982, SR HMEREE( L
%) dLm: WL, 1323

S, BIKE, KHRF, 19, PEEERBEER(T
B). b |EHRL, 1—437

HRE, FRWE, 1984, BESHAYRAMR(LS).
s |EHRL, 1-352

BIKE, BUHE, XMW, 1995. BEREEMAEE. it
W BHEHBRE, 191

Blunn G W, Evans L V, 1981. Microscopical observations on
Achnanthes subsessilis , with particular reference to stalk for-
mation, Bot Mar, 24: 193—]99

Bligh E C, Dyer W J, 1959. A rapid method of total lipid extrac-
tion and purification. Can J Biochem. Physiol, 37: 911—
917

Cox E J, 1981. Mucilage tube morphology of three tube-dwelling
diatoms and its diagnostic value. Phycology, 17: 72—80

Dubois M, Gilles K A, Hamilton J K et al, 1956. Colorimetric
method for determination of sugars and related substances.
Anal Chem, 28: 350—356

Edgar L. A, 1980. Fine structure of Caloneis amphisbaena (Bacil-
lariophyceae) . J Phycol, 16: 62—72

Edgar L. A, 1983. The mechanism of diatom locomotion. 1. An
ultrastructure study of the motility apparatus. Proc R Soc
Lond B, 218: 345—348

Goldsborough L G, Dickman M, 1991 . A comparison of periphytic
algal biomass and community structure on Scirpus validus and
on a morphologically similar artifical substratum. ] Phycol,
27: 196—206

Goto N, Kawamura T, Mitamura O et al, 1999. Importance of
extracellular organic carbon production in the total primary
production by tidal-flat diatoms in comparison to phytoplank-
ton. Mar Ecol Prog Ser, 190: 289-—295

Herth W, 1979. The site of 3-chitin fibril formation in centric di-
atom. II. The chitin-forming cytoplasmic structures. J Ultra-
struct Res, 68: 16—27

Hoagland K D, Roemer S C, Rosowski J R, 1982. Colonization
and community structure of two periphyton assemblages, with
emphasis on diatoms ( Bacillariophyceae). Am J Bot, 69:
188—213

Hoagland K D, Rosowski J R, Gretz M R e al, 1993. Diatom
extracellular polymeric substances: function, fine structure,
chemistry, and physiology. J Phycol, 29: 537—566

Hudon C, Bourget E, 1981 . Initial colonization of artifical sub-
strate: community development and structure studied by scan-
ning electron microscopy. Can J Fish Aquat Sei, 38: 137]—
1384

Houpt P M, 1987. Observations on the marine tube-dwelling di-
atom Navicular pseudocomoides in culiure. Diatom Res, 2.
47—53

Kelly G J, 1989. Acomparisonof marine hotosynthesis with terres-
trial photosynthesis: a biochemical perspective. Oceanogr
Mar Berkeley Annu Rev, 27: 11—44

Lowry O H, Rosebrough N J, Farr A L et al, 1951 . Protein mea-
surement with the Folin phenol reagent. J Biol Chem, 193;
265—275

Millie D F, Wee J L, 1981. Observations on tube-dwelling diatom
Novicula tripunctata var. schizonemoides (V. H) Patr. us-
ing light and electron microscopy. Proc Towa Acad Sci, 88;
74—78

Riebesell U, 1991. Partical aggregation during a diatom bloom.
II. Biolohical aspects. Mar Ecol Prog Ser, 69: 281—291

Schmid A-M M, 1988. The special Golgi- ER-mitochondrium unit
in the diatom genus Coscinodiscus. Pl Syst Evol, 158:
211—223

Sicko-Goad L, Kociolek J P, Stoermer E F, 1989, Patterns of
Mucilage Production and Secretion in Pennate Diatoms. Proc
47" Ann Meet Electron Microsc Soc Am, 1016—1017


http://www.cqvip.com

D000 http://iwww.cqvip.com|

278 ®# ® 5 ¥ =B 5%
Smith D C, Steward G F, Long R A ez al, 1995. Bacterial medi- matrix assembly in diatoms ( Bacillariophyceae) . 1l. A model
ation of carbon fluxes during a diatom bloom in a mesocosm. of adhesives based on chemical characterization and localiza-
Deep-Sea Res Part 1T, 42(1): 75—97 tion of polysaccharides from the marine diatom Achnanthes
Wustman B A, Geriz M R, Hoagland K D, 1997. Extracellular longipes . Plant Physiology, 113: 1051—1069

MORPHOLOGY, FINE STRUCTURE AND CHEMICAL COMPOSITION
OF EXTRACELLULAR POLYMERIC SUBSTANCES IN THREE
MARINE DIATOM SPECIES
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Environmental Science Research Center, Xiamen University, Xiamen, 361005)
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Abstract Extracellular polymeric substances (EPSs) of diatoms that exist in the form of stalks, apical pads, ad-
hering films and fibrils, are a type of mucilaginous substance secreted in the exterior of cells. EPSs which play im-
portant roles in the life of diatoms in thier marine eco-system. This paper investigated the morphology and detailed
structure of EPSs in three marine diatoms, Achnanthes javanica var. subconstrict, Amphora coffeaeformis and Navic-
ula ramosissima , isolated from the surface of seaweed collected in the Xiamen offshore. These samples were analyzed
using microscope and scanning electronic microscope (SEM) methods. Their chemical compositions were also ana-
lyzed preliminary. The results showed that the morphology of EPS varied significantly among species with individual
feature. EPS of A. javanica var. subconstricta has a long transparent stalk-liked EPS, which usually lies on one end
of cells and is composed of three parts: collar, stalk and pad. Cells of A. javanica var. subconstricta were attached
to the surface of cultured vessel through the pad and many of the cells formed a cell-line. The results from SEM
showed that the close-up of the EPS had a double layered solid tube structure made of fine fibers. Moreover, some
cells have two or more stalks were observed under microscope. The EPS secreted by A. coffeaeformis was a solid
tube, which is assembled by small-tandemed segments with many interlaced tubes and gathered as colloid agglomera-
tion, cell moved through the solid tubes and formed the lump. The EPS of N. ramosissima was a transparent and
colloid mucous membrane, which covered on the surface of culture vessel and cells moved the membrane. There were
many hollow cell hull liked membranes among of them, and spot veins were observed clearly. The preliminary results
on EPS composition indicated that the compositions of both water-soluble and water-insoluble portions of EPS in the
three diatoms were dominated by polysaccharides. Their contents exceeded 70% of total EPS, along with a small
amount of protein, accounting for 3.2%—28% of total EPS. No lipid was found in the EPSs. Composition of
polysaccharides and protein in EPSs varied greatly among different species, especially for the water insoluble portion:
major composition of EPS in A. coffeaeformis was polysaccharides, up to 97% of total EPS content, protein content
was very low, however the protein contents of EPS in A. javanica var. subconstricta and N. ramosissima were high-
er, 18.6% and 28% respectively. These data reflected different abilities in EPS production. The results indicate
that the morphology of EPSs in different species are related to their habit, which is a result of long time adaptation,
while chemical compositions of EPSs are species-specific, which varies with species. The function of EPSs among
species is different, which is determined by their structure and algal habit, stalks are apt to those life-fixed species,
tubes and membranes are apt to the motive species. Moreover, this paper also discuss the excretion mechanisms of

EPSs in diatoms.

Key words Marine diatom, Extracellular polymeric substances (EPSs), Morphology, Fine structure, Chemistry
constitution
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