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Abstract

Abstract

Cell size is one of the most important and basic characteristics of microorganisms,
it can reflect the strategy of resources distribution, the community structure of
ecosystems and the structure of food webs, at the same time, it can also provide
theoretical foundation about understanding the biomass, the energy flow, the circulation
of materials and the function of the ecosystem. At present, a majority of studies about
molecular ecology of environmental microbial are confined to the analysis about the
relative abundance or the absolute abundance such as cells’ number, but they were
always lost sight of the ecological significance of cell size.

In this study, the distribution of cell size of environmental bacteria and its
implication with phylogeny and ecological significances are being analyzed by
synthesizing the microbial cell size, the phylogenetic relationship, the abundance in the
environment, the growth rate and the metabolic activity using size-fraction and the
high-throughput sequencing. And the five kinds of environmental bacteria were from
sludge and effluent in sewage treatment plant, the bioreactor in laboratory and seawater,
and sludge samples were studied mainly. The results show that (1) the closer relative
relationship, especially the same genus or species, between different bacteria, the
greater likelihood of the similar cell size. But the chances of dissimilarity in cell size of
bacteria those have close relative relationship are greater than 50%, this means that
there are cell size diversity in bacterial. which are the same genus or species; (2) Most
of the higher relative abundance microorganisms are main functional taxa, so do some
of the lower abundance, which have bigger cell size, and the influence of the latter on
environment should be focus on; (3) most of the microorganisms having the highest
metabolic activity are possessing the cell size in 0.6-2.7 pm, and there is no microbe
groups having high expression of 16S rRNA gene were being found in the
microorganisms having smaller cell size. And most of the microorganisms having high
abundance, metabolic activity and growth rate are possessing cell size in 0.4-2.0 pm.

Key Words: environmental microorganism; cell size; ecology
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1.1 WEPESENOMRATNSEE

AW R A R4, AR T AT ) 25 AOUL AT 2 0 R A 5 ) e o 7E ML
Jila, FEMNAMEBNGE L AL ARIFRAR S T AEY AR AR
Jia), MR AR JE BIFPRE . BEE LB ES RGN LSV . Jad kil |
AR R B TT I FEa 3

15 [E 34 %% 2% Ernst Haeckel £ 552 HAE#& %2 (ecology) —iil, HW A5
WE SO TS S AN TCHLIR B 2 8] 43 5C R I FLS (Kormondy 1969), H
AR SR EAVES 2R . WNBUURLZ A R A, @R AAAES R —TI
VNS F R BEAED A EDIA R Z WA TR R IER Y, IR

(abiotic environment) HLFEZS . LI, Aa. K AL W BE. & pH
A, EYIRES (biotic environment) ALHEAELE AL Rh P AR ] 5% 2 1)
NV A M AR Z R E M AR B — A B RS
Y—EMA A2 (microbial ecology), NZTRIRFMAMIMIZFEME . 43 |
FIE, LGNS E AR EIA S Z [AAH ELOG &R, A E Y A A
SRGEXMEIEY (Konopka 2009).

1.1.1 EERMEPESE

X TR S, MEAEYAREE RS, FIcEZ 17 2R, Antoni
van Leeuweenhoek 1 H H il i R SR B G AE M 40, S 19 4R,
Louis Pasteur F1 Robert Koch R 4= 41 HF 78 M TE &S FliiR By Brizk N\ 31 4 31 /KF-
T B AMARMAEY B IR UK R, JF H AT & IR 2 AP B A i
TERAASRIE I 2424 (Konopka 2009). F[i], Pasteur (1857) TERFFLIAEEH %
TR 4 5 T ANEE AN R S8 N TR MDA 0 S5 AR rh R LR R I 2 R A
AWGIER), IR AR SRS, MAEMIEEEEM G, 25,
[ 2% % Winogradsky %7222 # Beijerinck JFUA % VE T HE T M AED.
Winogradsky (1890) M 373 B T R R LA NI IR I RS AL 4 TR, VE4RIT
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6§ DR AL 02 B R A ] A R, IR o AR T R A B R A S S
(R 75— AN IR B B S, SRR T RE IR R ER IR P E E R
REZIER, W0 7P RUE 1) 2 R R TR b i AR ) 2 18] A LA
(Winogradsky 1897). Beijerinck (1921) M T34 25 A B A B R BE, IR
WA FAMAREZS 2 Cautecology) FIJTVERFSURA YD, B 704 WL R B 26 AF
FILE CL AN B9 N LB AP S5 A T R BB A HLAA < B /5 Rossi 5544 Cholodny(1930)
PRI 70 3 A P 0 28 vt — 20 itk , T DA A S S AR 7 R 3 T
P A K RIAR BLAE I FI 150 (Rossi etal. 1936) . {EARATHIBE FATY A5 B AE A AE
AR IR, I A RO SR IX 4y NS L A, HAUD 4 MR AR
WEFTEE, AR R T AE S MR A AR BLAE R 42457 (synecology)
WFF. 2 1936 45, Kluyver 55 (1936) KILAE H IR AR E Z (MREY A+,
FAEG AR B (B R R I S AT AR s 1] 1947 47, Winogradsky A i —
fRH, ARFHRRIRE Y IX R ATE A BN BRI R, HO A P AT 5
BRI FR AR 7T, A B RV RIRE, B8 E R T 3 RN A
IETE R A Y BETS (Winogradsky 1947). 2 J&, Robert Hungate R i1 H—Fh
B 75 A% AR 23S B AL, RS0 T AEAE S RA MR (Chung et al.
1997) FEX B S LT H AR i i . BB S A7 AE AR08 B R i i er 4 R
HIT A X RT3 5 B8 I5, TR BT ih 8 geit, DLARET 4 o s PRI
5E F 53T (Hungate 1943) 0 B 5 3R TBUR L R 2 AR RO 12 1 AR b R4k
SRR E &=, Bl UC-AN SH-FIRL R T LA BT M S S AR 2,
0 FRV R AOWSORT R A0 R AR R (R B K%, 32PO4 A1 35S [FH]
MR AT LA M. BRAEIASE (Comar 1955; Davis J & Foster 1958) . X SEHF 7T 7E I
AR R S R B T AR FERREERESIEA .

1962 4, S [ M AEY) 25X Thomas D. Brock RE0HEFE T T AEY A S VR,
IS (AEAES ) —1, WEBMEYAEREEN T R
A . [A4E, Rachel Carson %3 I Silent Spring W42 ] — L IR 15 V5 GL o) 11, i A
AR SN OEFA LA AR S 18 B U AR S ARl A R, E B
¥ 444 (International Association of Microbiological Societies) - 1971 4F

AL T E PR A A A5 ZE 514 (ICOME, International Commission of Microbial
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Ecology), B/ F /KI5 4% L3815 355 NRIESN 5 BRI ECERAL . 2 )5, 1977
SR U AE M AR A 2 E BR 451 (International Symposium on Microbial Ecology,
ISME) F Dunedin %417, XXKEBREWMZAT RMAEMESFERES F—E
L AR, ARRAREE EAREE T AR F IR R .

ANTE) T S 3 46 T ARG IR A ) T AR IR B 25, RS TR AR AR W A L
WIAEE AL . WK 1-1 B, BT AR 2 R A AALE, A 20
AoF R EEYIEIN R, pH. FAAIE AT A EYR SR, DLk
Y. ReUR. R HE T RS E IR TR UK A B (Konopka 2006). X 48
DR 2% M 2 T 2E 4 B P M O T B PR Y R 35 [ 32 A 5 22 e 4 i A 1
AR o DRI 2 UMK A 355 75 10 A BRI 2 W A 25 20 T AN RRAR & 1) S Ik B 555
AR VI AR BRES o BORPE RO, RBOR BARN T 72 H A A P (4l £ 5%
FR, BEEANRESE 55 21240 ) BT (0 AQUIE S 19 R 25 SRS R 3R 58
7 I 2 T A AN R 6F A A PR 58 0 1) AR Pt BR A 2 FE2 P s B A0 AT 5 TS BE X 38
BT B BT o IR B ) A S S T BT A AR A A, R
2 M AR L At 7 v SR AHEE AT T AT

_'_'_'_'__.__.‘__._n—__-_-_‘_-_‘-_‘-"‘—*
Other a” )
4 ’_ﬂ Physical factors:

Chemical factors: gempe'at“’e
pH urfaces
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l/
K’ Nutrients:
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B 1-1 R IR EEA R (Konopka 2006)

Fig. 1-1 The microenvironment among the bacteria cell in environment
(Konopka 2006)
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1.1.2 MRBEDESE

BEE “EACTHIT SR 27 (the great plate count anomaly; Staley & Konopka
1985) MIRIL, WHFCEATE RS BRI b 4K 2 BOUEY R ARG IR Y, X
—IR I E RN T UL B FREINE AT IRNE S M AEY RS F IR E. H 1953
4 J. Watson 1 F. Crick #37 DNA 70 FHRALS, PO I F A9 B
AT 20 tad 90 FARIFUE R B AN ER S, BEAL T ARG F5 A=
BRI, W U A 0 ST a0 NI AE P A 25 22T T B

(Amann et al. 1995),

FLIE 1963 4F, Zuckerkandl F1 Pauling I\ A MAS R AP0 1 5 (R AL &R (1 5 2145
B i BB, FF A AL G R BURFAEHE T I BE R R (Pauling &
Zuckerkandl 1963; Zuckerkandl & Pauling 1965). K < Tt R4k
B T% TAERZ AR LR T HIE . J6T 16SRNA HH 2 [T 2
%f 58 rRNA FF K504, Stahl 2 (1985) FHM 53543 M 1 #8470 52 A el J A
IKHTAEYIRER 5SS IRNA 741, AR RGRAERR, i TR,
TBRBECE B AR BB T I A S L. (HZ008 120 MZEERKY 5S tRNA Jif
B8 HE BAER D, W BE A — LB S R R B AN ) A2 A5 T F (Olsen et al. 1986
1990 4, Carl Woese i JEUZ A4 H ) 16S rRNA SRR B M ARG L E
KREFR, XN E AN REMEN RARE FAERETR U0

(Woese et al. 1990). Fifif5, Saiki %% (1988) [¥] PCR AWM KIS T HAEY
AW AR I  Giovannoni 1 V0K PCR A EURGE K B B E R RIS &
I3 M K R A R ) 2 AR, R ANEEAL S A B R ST R A T R R

(Giovannoni etal. 19900, Z Ji5 HIL A PERA FE AR LUK (Denaturing gradient gel
electrophoresis, DGGE) . ¢ /4 Ji {37 4% 22 (Fluorescence in situ hybridization, FISH)
A S R A1) 1y B K £ 45 (Terminal restriction fragment length polymorphisms,
T-RFLP ). SZiF%¢ 6% & PCR (Quantitative Real-time PCR ). ¥ [ %1 3 A

(Microarray) % 3E[KI41 % (Metagenomics) 2%, X6k £ 3T RMEA rRNA R
SINTIRRIEI 25 5 . PR R R R 2 RS IR FAE S SR, W LA AT
WA B AT RGP A RGKE K F (Schenaetal. 1995; Liuetal. 1997;

Handelsman et al. 1998; Muyzer & Smalla 1998; Amann etal. 1999; Pfaffl 2001).
4
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G AT AR AR DT 7 TR) 85 4 2 RS A R A 400 1 2 0T S B (1 B P S5 it ok
AR RS AR B R AR R BB, AU AP s 7% (0 20 A BOR B A AR
HEIEZS S TSR AT S TR AE WA AE IR BRI, DT 5 IR KR 22 35 P Tl A )
K, THEZAERPREMBENEE (Pace 1997). HET IR /T A YI#F
VAR D R AU AE A S I U ONE N R, B R 12 Fiws.
X FTTVEREG AWHh: —Fh e B DAIRSRE 5t b BB AR 0 40 N A2 IR 0 o g
fith, XTFREERE dh o R E AR IR AT s . IRERAII . RO SR e A,
W R A 2R G0 0K 6 9K 28 AR a] RIS 34T 43 8, B 0o O SR AL A A2 4%
FH— MR ZE G PCR MHIKEOR, JEREAZIREE oA B RS S )5, ok
IR VIR SRR T RE o BRI SN FE AL R R EHEOR,, R IEALSE
SE DHRETMZEND S 23 BT T A=A v AR 3 D A 4546 M1 T E 45 (Radajewski 20005
Schmidt 2010)

GRS T A FHARN R R HESD T AR R, (AIAER
W ITIER A MAATE — A 2 o 58, IR A 35 2 5 b ik i i FH 2
XAy T AR AER TR HE P AR V) HEAT AR A4 58 &0 A, 1an A 16S rRNA
J5 TR 1) — 22 A0 [X B — S A 2 11 £ B[R] [X 3 AT 5% 6 58 B PCR 73BT 46 (Vos et
al. 20120 IXB M AR~ iR 72, e aEN” A YRR ZER) 16S rRNA
SR E A A b K 2 DL2 H8 DUEAE, X s oe SR TR o8 & 2 B A2 R 43
Fri) il (Sun et al. 2013, HASBRARRIEIAE S h HSAFE AN BARH
FAYE DL w55 VR RIE N marker gene BEAT HISE S AT, (HIX LEJE R K 2 0
NGB 6 2R ZHE A K U PR A, A S RT3 — e S8 (Rotthauwe
et al. 1997); U4k, PCR =AMz, M PCR 250707 F&
€ BT AN BRAR I 1) B S HR SR AR PR B ity v A 1 B R P LS L (Beeckeer
etal. 20000, FHix, FREEHRAEVIRI AN ATREES 2 N ECE g, DU ZE QI
ZRHIEFAEAE T A RS AN R R A, L% E BT SIS AL, A
ABRFTHITIRE . MR RG R TTRA AT ReAAEIR K ZE 5 S Al BRI
TN 7312 S O A R R P2 BOR S5 3280 I F 3 BLA U P AR S 2 b e
EANR 2 B TRUAE ML R 7 545 B AT VIR AR S S o i — B, A28 T
PREERE b T A A RN R — SR RIS LU 5 OV E B T AR,

5
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B Lt 0 BT B AR R /IME BR 2 RIR T C3RAF I 2088 7R I Sl A Y it
PEAE 2, SRR i ELSE A A KN T AR 22 . B, XTI AE R
AN, KRR AN RONER W AESHSHG MR —IF, 1
AR A T3 — DN EEARSHL B RN RE B E VA A B ARSI
I AZS AL E RV B B LSO ARSI R 211 5% (Kirchman 2016)
BRI T EW 22T BOnT L2 A H 40 A A s =, (R 22 Jt 7 b B i
S WA S a8 SR

(P& syt R N4tV aRe = & e e e PSR 2% N A1 AUEE =3 S e = M DRI
A, B LF A KK R A A PR (Wakeham etal. 2007). M GAEYIR)
PR A o A, B 0 PR E T, RIS T A S RS TIRE D g
WA AR F AWK E  AEVE MRS TP B 2 — R 5, AR R
ORI BERACYS . MBS RS T T s R A, MISREE R A i
&y ARSI ST, BTl s EAAAN.

Environmental 5 [Ecosystem
Characteristics . Fluxes
Sleld

PIEASUFEMENIS

Microbial Community

Diversity <—>  Function
Spatial  Evenness Richness Metabolic Expression of
Organization Potential Lifestyle Genes
phvilogenetic
analysis Avbridization with
: DNA array tative
N “ quantiiative
er‘\A clone Large-insert PCRof
library Library riDNA genes

mRNA

rRNA

quantitanve
PCRof

FDONA genes,

DNA

amplification with endonuclease
FNA targeted primers digestion

Int. Microbiol.

Bl 1-2 E TR DRE ST RS (Schmidt 2010)
Fig. 1-2 Integration of nucleic-acid-based approaches to linking the structure and

function of microbial communities (Schmidt 2010)
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1.2 MEPREYRARA N EKER

R RN R BRI AR S F S, AR —IF, AT A A
FOWTERRALK, RIEVIRIIAERSE S BlnAE R <S8 EfE—
— S A KA R AR RN BT B AR AR S R M AR R RS R, Xl
RESBLH T AEYAER BRI B s, ANHAESY, FAlRELEYE. R
A RF AT T7 T R PR 7 BB IERS (Peters 1986; West et al. 2002).
AT RN S A KR GRS EIRY R . RNA &, JEBE 2R/
SEEYIMK, ERAEMREY RN IEE (Edwards et al. 20125 Kempes et al.
2016). SULFEIES, FERMAEYAESE SRS, ERKERNE — MR E
ZH, WMELER RETEVE A UL N aAn, s S4EYE. £S
RAWPFPHRARKE KRR FIEEEESEME S, HT 0 EWEE YRl
MR ZEH (Kirchman 2016).

1. 2.1 REYHgX /N

TR FERLT 100°CHIROK I AL #hEE MR ) Bt . r R SH o v T A
KB E TR I S S A AR IIAETE, IR T YD, WA
TR G AU AR K ISR, ABGEINS JB BE AR KIS B B T AR K
B BOHIE R BAAAEE T AR T, ok B AN SRR B A R K e T (A AE £ 4
IR /N R AR ARAY, AR 5 LA R LAASE A A W0 A R O /N FE AR AR R B A5 v ik
ARYERFE—MEE TEEA (Chien et al. 2012).

WAV AT 2, RAZMERE, A8 NHCIRBIFR, BRI
AT AR M 2 MRS, T B NEAEAERKZE R (Chien et al. 2012). —
BRI E A2 N 0.5-1.0 um, FTHEA (0.5-1.0) umx(1.0-3.0) pum, — 4~ S FRIGH B )
KANATCLH E.coli fEARRF . S MAM K EL N 2 pm, $EEZ) 0.5 pm (& 44
PR 20110, BRULZ AN, AT RIS BN B Sep] (0, Bilin, 7540 mimiss:
i FRDRUBHE Al B8 £ Jip i N R I — M BB L A B Epulopiscium fishelsoni (3% Il
R, HARKER 200-500 pm, BN Escherichia coli 4HHIE) 10° £
(Angert et al. 1993); 752 FIFIFL & KBk 48 R U TR R IL T 1245 A 1B &R

7
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