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Advances in the Study on Resting Cells in Protozoa
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Abstract: It is common to encystment under certain condition in protozoa. This paper reviews the research progress
about the resting cells of protozoa, including the characteristics of structure differentiation and living activities, the
changes of the macronuclear DNA, transcription and the modification of proteins, which are related to the encystment

process. The transmission of cell-signal molecules and the role of cytoskeleton in the differentiation and regulation of

the resting cells may be the major research aspects in the near future.
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RAESYE—EXHET  MBENRE BYKGH
Z pPHHRERMBEEIE S, AR SAR L
REFEEN R MY R R B, )
AR, HFREDYRRAZHRBELSHRESE
f MREEHVHBARRAR, ERNEBESEAKSE
ROEHSE AREAERSEWNIEN —-1TF
EHE" . BER,GEEDHYKRRBROE S % A
MEMP ST S M T EFHAGTR. & 10 5k
MARRAR K EMEDRIE. SRR RENES
FTEBHTTEHEAER ABAMAL ERBTE
FHRH .

1 DRHR 40 B BA 2544 2340 0 A i 18 3l B0 4%
fiE
11 hEARSHESE FEBHULRQERE,

ARRA NS, 40 TR 1 0 R A A W R TR B M R A,
BRAHMALL T 0 2o, RO B BRIE 50 B 3RIE 5 4K IR

M, FEFOLT  ABENERS W RMARERE
{hF %, 78 042 E R ( Oxyrricha platystoma) FF , M T
A Ao TR, 40 MR P9 BN R AR Rl KN AR
BB REERT &, HAT RN = A 5 RNEREY &
R B+ 8 ( Pseudourostyla cristara ) T 5 £2 & 3 (6] , B FR 9
FHEATEBEEREE-ENBRER.ERERS
WY RARTRE NEERINZ R R RD

PR B 40 0 £, 3 BE e 3502 A L, R R A 3 IR BR
HREEEWAFR. BEXFETHLHUHAENR
( Histriculus similis ) (3R G #1 B ¥ &0 ( Paraurostyla weissei )
REEXFEREHHRRBBBAHIE FE KB
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FREER BLTREABAREMBE, aBEAM
MUHEZHAR; BREEE ALY, b BOR Y F A K.
KBH B (Urostyla grandis) . B 7% B ( Colpoda cucullus ) i)
PROR 40 M 1 = 2 40 B BE 2 H 4 B s 8 0% 4D L ( Euplotes
muscicola ) B A BR 40 S bht 3 2 1 /) A (L BERE R AR o

FRMENERESR L BN EEEHERTR
BEMMEF AU ENERA EHNRERH
e, AN R B R A R 2K Y R R 4 I )
RETHSEEMME, AMBRMERER, WA
REBAERHNGFEHEH SR LB R Y, BEHK
BRETR , RENFENFARAMRENFRBENR
O+ 245, BREEKPHZBRENE P RERAMER
ZHR APk, B 00 U1 D K ( Euplotes encysticus )"

BRELVREROIBRS  BROEHHETT —
RIERFHZ, ERBELSHYE NLEH, A
WA ERYE, ERTUREARY OWEE, 4K E
K URYREREEHRN G LIS, HRAHAR
BHIEENTL, BRAARERLES,

R QBTN Tr i B A~ 6 P4 B ok BR 40 A i
EEMAT NS L APBEEAFERF =&
L, F AL, A BEEAERE"NER
SETHREEMBRE PR BERBREEFD,

BRI 40 b o K3 S S5 ERR L L%,
BXTEAFE-BIR-ZBERERKATE, AR
TEEFRBETRAMEMBERHEUHES. X—4&F
RUKPRAFE AR EERERTER LK
BREEREHENRENAREHS
1.2 KIREMMESFEDSME KRIRAMRA THX B
LEASHHRES KHARBRE AKM2REL, B2
B AR T8 3% 40 T ok A o 40 D 5 B B VR A R3S
B OmBRAEARERAANTE,

A1 25 B B B0 R TR 2K B 4 FC 0L B2 A oA BIR 40 B 2R
BHFAETARBEMESE DL, EREHLLEE
UTFBRE PR MRS H XBRTENEZSXB
Z GVl B 22 1 K 55 4 AR i 0 SR BR R B R A et
ﬁ[m]o

SHERIMREGEIRBEEZRENAR
o ERIRABRD , CRUBRI T FEHBEA,
BEITHERELE B, EF DB RBEEHEMY
e FAg oo, BRERIRER R R 2804k
RAMEF B R ARRREWEE, B EMNYEERBK
RARPAREHESRBABEEREOLE,

HEHX BRI RIS AR R ORI RE A
WA EEEAASR. AWRENEER. KRR

MECHAMERSYQBER, FEHWEL, XRAR
BREEEHETHRELF BUMAAN-FHEER
R, HEEEYFERNARNTYR, 5 ®EH
HRARIRAE P RAAMNERRBHOTRER,
R R AR U S B N e
WAFRUEHMMAEE, ARMNAEEH -6 M
BEREE R EAAREBRREAMIEE, XEHR
WRAKRARHFAEEHECT EFHEF YR
SE BRI RSO R R R B A R S R B

2 WERBLRE 7 TAERPLE

2.1 X¥DNAGZHERSREL HAELEREED
By, REBeWS R B, HaR®yE, K DNA &
Fiekdll, R BHEREEFE™ ", RALGBEHE
AR WA A T AR A0 B BBt AR o R TR B A
MK BT B R K DNA A S B E LR,
ARIRGM K DNA S BRARBEF AR 50% . B
EHBPREDNASEZHKE LR MM KNES
FDNA BB T B A, KB H A8 b5 4 i
EREEMECBRAEERER,

22 XEDNAZTFHBRAELBHEASSEKEAR
W DNAMHFEAEWIAZIWERNNE ERE,
TRUNEEBEEH U-BEFRER NP EM
R EPRERBI S REENNEL, BITFHEE
X BEEREAHABOHMRER. EREEEY S ,DNA
WREARIRPEAEHERER. ERSEY P,
DNAMHEMARFMEHERIEA, B3 FX oG F E
REESEZOMMBERX  WRPELNEER
HERNNGHEEER. AHREAY REEEMR
BEEHRARS R ERE RS DNA P E
KRN, EFERP  HXERMPERFEREN
B B B 6 BE AR IERS OO R A LR X 2 B R AL R
HEORAHES S ERAARCENERARY
DNAHATEE YT, R BUIKIR 0 ME AY DNA FIE MK
DNA BUI B R BER AR M . KIR 3 DNA BB Hop [
BEY), RS RN R ETEFREA ., DNA S
ZHEARUELEREFNRL, B E DNA K
EZPBAMBTERTRESKRARNERE X,
2.3 mRNAZMEBRHRRZ HEENRSAYTKEE
HEFHFRAKTFLE B, TR0 BNTEREHOR
BEH=E BEREWH SRR EBHEAEE
HHEKFR XML, Palacios Z(190) R EMIEL T2
HREHT - TEBERBAERERCBIENER
B U NERSEEENRERE-BHFNERSE
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HER ATMAEREERRARCEOER . AT
EHRRCETESFESORERAMEXNERE,
Touranchean % AR H KR L B N 4F Bl #32 T ¢cDNA
XESBEUERFEL2HESCEBOTE RMA X,
RAZESRS W5 X 4 mRNA FEH T, B E
BEEHUBEIEEN mRNA, XS B AR E R AIRD
FF7ER) mRNA, B 40 M ZEFKBR 23 2 &, mRNA H 8 &
PR iR, XTRE S 2 ed Ik B Bt RIE S AT
PENEMBEOD ATEARSERRBHEXYEN
EREEX, MOBLEAXHERNBITFEININ, R
B AR B A I R IR AR, R AE S BT ER A
—KEBEEIEF AL (1)nifR3, 40 5 &AL B S 1998
WL (2)CROC-1, EARFHFRAN —MEZRES
BMEYEANTEF BERRNEE c-fos B F, FEHF
#9 CROC-1 FA WAL TR BMTE A0 , R IR A 2 40
RAREaGRARPHRILFARAE, EEFRPRFHEL,
HNAEFERPHEHNS nifR3 M CROC-1 FBLE X
PN KB EE B AT BB B A5 AH R A9 30 BB, 7E 4R R 40 e &
B SR 4t B PR — R,

B 5 B ( Giardia intestinais ) L BBER &4 N-Z B
L FLERE £ 55 (GalNAC) , GalNAC 7= L 2B B 18] 5% 5
FXEBER AN, XEBHHEBDERRREEE R K
RO BTN CENEREEENEA,
Palacios X X R BB EF RO EFEHR W
PORAHRESNECEERNEEN R AREER
EELE. Bl X—KIROBEERE RO WK R,
R B B R A7, Villalobo % F i mRNA £ %
BRERAMBERARERFTHAE  ERXARE
BRERTEAFNERRE=Y. MHOBIBEIER
LK mRNA #4T RT-PCR, X =2 B KK M DNA
HITFINE MR CEFRENEERFARER
EENOAREHMERN MEFBHMCAN—®RE
P RESERMEA™ . HHF:(1)sth32 4B & ABC
HEEAP—-RETFEEHBRFFIMN15.5 ka KKK E
MNEH BUNEHCOENBRESESERIEMEM;
QEFERPHERE sthds BNEEB AR T RS
‘& DHHC(deaf hard and hearing commission) %% #4 42 & B
FE_NRA X—EHEBRBREAKFEHNEER
EARERYFHRL, BHEERAKRE, BEHE
HY Y BERPEERTFHEEN, X—EWER
FEAMDNAWESMWHEAATLEEEENE, X
REHSRTARBSAMELZE, TFHE LS FHR
EMNMESCH I, sthd5 418 E B & Tourancheau
FERAM—ABERANES ALK ZETF CROC1 [

B, sthas ER ORI BFHRRE, BUXTHL
SRR S BEXNXBEETS; () ERCRT
B AR AZEEF, ERBNESSER
. ( Paramecium tetraurelia ) FH) 2C Bt M E B E S
(PROXEEK -BRRFEMR, MX—-—BEaEMTF
ERAMARE BAFEF. SE5HRE KRGS
FHEAMNAT,

24 RISEARNBHER EQORENARSR
f#, BRI AR, B 40 R S TR R R
BRNAR, FERNEHEARNEAYEAN G K.
REZDNZHERNOEW., FI0:acn BH 4905
EAEMEBI WAL, EH R EEF . Mannina-Cela
45(1994) %4 P4 ZE T 1 ( Entaomeba invadens ) .38 9T & it
B actin HFTHHF 4 actin N RE S HEHBREIE
HAESHERER. KA TCA RIBWHRICHENE, actin
HEREIEEERPNE R CRATH . SEW actin B
SEREFRHAMN 0%, MEROEATHMERIN
actin mRNA B & 8350, W T A9 actin mRNA (B E #
W 509%™ TE R A BERTH actin AR BRWE X
EREZ mRNA BWE W BRI R OIS P, actin B
B3 BE EL mRNA B W/ B BE B B, actin B9& B
5 mRNA B BH XS BFEHENH 2 5,

AR LB IRP FEBEAHRKEN
WO EEREANAREENEEREIL, BATEREE
HEORMFERSE ABH XM EHERTHER
e WA ERNEREORZL BRE Q7R E I8
ML TR R,

ARSI FIAREORRL, ERERARNESER
ER . FZRGTFHREEX—TB, EXELEZFWK
BRARHHRS ELEAT—-RIINESEAH, X
A e T 40 RO A1 B AR OB B 4 2 B 4 R 2B 1 B YK
RARKROREERER IHME-FHESHS
B, AR pH EHBB T, xuEE
EOEHAEMKRREIBPHAKAT TR RER,

EHENBEEAREEEMER. BEALEANSE
WEERE  FHFHREAECBAMRRERN; JIRER
HEAPRBETAXRBEZKRY T B, EHE
BARIBHEFEEOHER, XTES ABBNIE
BEX, MHEEENBEOHTHEEAMBERE . H2
S5 IE B. Palacios ¥ AN K'E I B ( Colpoda
inflaa ) KIR LA TE KB FE B RO R, RA
JURPAGIR 0 B 7 2o B K TR b AL B R R B B
B3, B, Tunicanycin(TM) B — R AL MH B T,
AL TF - RE2-BE-COP, WH EESRBREAY
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I, % T™M B9 ¥R 7E 20 ~ 30 pg/ml B, R IR B 2
P, XEAEAREEAZEN, KIRZH, NES
REEANKROBWEREEEEZNER.
Lquierdo ¥ X KB AU BPSERMEER
B OHEEERH#ATFEISNER, XHHEARFAR
EH—BH BEEEENHEREIRZHNARM
RER BABRBHEKE, B iR aEsE
EOEARENRERE™

3 R B

Presscott N A B ORI BATRELTIF
ZEEMANTER, ERAFEIL M REERE MK
20, BRit S B BB AR RN 2.3 M
F#T TS HR B RIELHEXEREM. X
HERRRASLWERRSY FRFHHTERREL
- TEETE, XEANTHE - LB RABRARE
FEPR A BB AR T B R VA LA B 4 IR A AL B BL Y

EMESHR—NERTAF LR, WAEMED
MEERTHEREAR. EHEMEINHEBAET
EFHNEARMNER, EFEMEANBEORRAFEE
BT REENER, SERARRQE IR, FH
MEARER, UREBEARMEREL. WH, X—d#
FOEBRESEARMEA, XEEANMERTSREKTE
BAEEEARMA BHERAFTANAEE. EREEY
FEERNEBREIEA=HER. ER/BEHBERRE
f% RNA R B O TR 5 R LA RS A R R A X H
MEff. TRASHRAABEM, ZRALMBERLS
SEmESdERPEAHR. MEEBHTAMRY
BOXEAERHARGEBERIEN—FE

BEARN AERKRRARFTEE - ERMER
RE ZRAETURARREEENREIRS, 5EF
WAL RIRERESEREREESH AEFT K
FEHRAEFRER. KRIRARE K KTTES, HBAK
Wik EEAN, MRESEHETARYER, FE
REMBEERERMAYEERLE™ . X 53 QR
{PRBFRFAREN S MERRE RS THRIRRESH
40 Rt R, 5] A 40 AR R B TR 3, £ 4 BRI R B9 AR 2
—H™, FRRRAI G R RE N RFEMERN
B RATHAZARTHERAZEARERENH.

B MR ERETEMNKRARTERNORIER
EREEAA, ERSAVEARTY.CEENARE
EMEARGEEERAAARMATIER. BRERA
LUIRES 4 FROR M, RH#FESHEAMM, 0 6 &
BB AR TMEANEREN, X—-HARZEH

BREEN, NARBREMANBERNARESES
R KA A R EOLE RO A R, R IR AL 6 B
REHEEMNE.

2 % X W

(1] iR, REA. FELERORNBECEOTFRRLI
B s RE, 1992, 27(5): 46~ 53.

[2] BEE, %K, RES. AOREAERCEPEA
MR I . SYER, 1997, 43(3): 227~ 231.

(3] BEE, RE, aRzs%. TRUBEREFRPNER
AP E KB S E R, 2002, 48(2):
251 ~ 257.

{4] Calvo P, Femnandez-Aliseda M C, Garrodo J, et al.
Ultrastructure, encystment and cyst wall composition of the
peritrich ciliate Opisthonecta henneguyi . J Eukaryot Microbiol ,
2003, 50(1): 49 ~ 56.

(5] #Rs, HEE, RES. BERPAKRAERNRE
HHEPAAEBRIR-RBRER. IYWEHR,
2001, 22(1): 85~ 87.

[6] FUER, RE. LB RIKRQERBMSERTR.
LW FER, 1995, 28(2): 163~ 171.

[7] GuFK, XuJ M. A TEM study on pre-excystment cellular
stretures of Euplotes encysticus . Cell Research, 1995,5(1):
125 ~ 133.

[ 8] Leadbeater B S, Karpov S A. Cyst formation in a freshwater
srain of the choanoflagellare Desmarella moniliformis Kent. J
Eukaryot Microbiol , 2001, 47(5): 17 ~21.

[9] Hib, HF, MHOLE. KAIRPAEFP ORI REY
AERBREAMERY. siP¥EHRE, 2001, 23(5):
405 ~ 408.

[10] FBiEHE, RE, 2RA%S. ARIMBERAKRORRE
PR BHMANMRNE. SHYWEHE, 1999, 20(6):
406 ~ 410.

(1] =%, BEE, SRHE. AFTPRARESENE
MEREMARL¥NRE. L. TEHYERERE.F
B R 2B LR Aol AR, 1999, 718 ~ 721.

[12] BRR, RE, BUER. SRLIR R RIR O 4R
G EE A ML BT . SIS, 2000, 21(3): 199
~203.

[13] BEHEE, M8, RES. KIURERKRCQERKEY
SRR Y. ERITEXEER, 2002, 2: 87 ~
91.

[14] MEA, BEZESK, BUABHE. R B ( Stylonychia mitilus ) £3
L RAMBBL BT, FRABEREER(BRH
%), 1981, 2: 113~119.

[15] Corrado M U, Pelli P, Chessa M G, et al. A study on

macronuclear chromatin structure in Colpda inflate (Protozoa,



58

R A R B A AR IR TR AR 4 B o o R - 95 -

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[2s]

Ciliophora) by means of image analysis. Eur J Histochem ,
1996, 40(3): 181 ~ 188.

Tiano L, Chessa M G, Carrara S, et al. Maronuclear
chromatin structure dynamics in Colpoda inflate ( Protozoa,
Ciliophora) resting encystment. Eur J Histochem, 1999, 43
(2): 113~ 120.

AR, TKIEA . BB Ab B fu 2 AR AR BT AR
R ADBHIBIR . ¥R, 1992, 38(2): 208 ~214.
Grossky M A, Hattmann S, Pleger G C. (®N) methyladenine
in the nuclear DNA of eukaryote Tetrahymena pyriformis. J
Cell Biol, 1973, 56: 497 ~ 701 .

Amnermann D, Steunbruck G. Methylated bases in the DNA of
the ciliate Stylonychia mytilus. Eur J Cell Boil, 1981, 24:
154 ~ 156.

Palacios G, Martin-Gonzalez A, Gutierrez J C. Macronuclear
DNA demethylation is involved in the encystment process of the
ciliate; Colpoda inflate . Cell Biol Int, 1994, 18(4): 223 ~
228.

Tourancheau A B, Morin L, Yang L, et al. Messenger RNA
in dormant cells of Sterkiella histriomuscorum (Oxytrichidae) :
Identification of putative regulatory gene transcripts. Protist,
1999, 150: 137 ~ 147.

Lopez A B, Sener K, Jarroll E, et al. Transcription regulation
is demonstrated for five key enzymes in Giardia intestinalis cyst
wall polysaccharide biosynthesis. Mol Biol Parasitol, 2003,
128: 51 ~ 57.

Villalobo E, Moch C, Prerasso R, et al. Searching for
excystment-regulated genes in  Sterkiella  histriomuscorum
( Ciliophora Oxytrichidae ): a mRNA differential display
analysis of gene expression in excyting cells. J Eukaryot
Microbiol , 2001, 48(3) : 382 ~ 390.

Klumpp S, Hanke C, Donella-Deana A, et al. A membrane-
type 2C  from Paramecium
tetramurelia . J Biol Chem , 1994, 269(52) : 32774 ~ 32780.
Mannina-Cela R, Meraz M, Hemandez ] M, et al. Actin

bound protein phosphatase

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

mRNA levels and actin synthesis during the encystment of
Entamoeba invaden . J Eukaryot Microbiol , 1994, 41(4) : 360
~365.

Honts J E, Williams N E. Novel cytoskeletal protein in the
cortex of Tetrahymena . J Eukaryot Microbiol , 2003, 50(1):
9~14.

Eichinger D. A role for galactose lectin and its ligand during
encystment of Entamoeba. J Eukaryot Microbiol, 2001, 48
(1):17-~21.

Latijnhouwers M, Munnik T, Govers F. Phospholipase D in
Phytophthora infestans and its role in zoospore encystment.
Mol Plant Microbe Interact , 2002, 15(9): 939 ~ 946.
Villalobo E, Moch C, Ghislaine F V, e al. Cysteine
proteases and cell differentiation: excystment of ciliated protist
Sterkiella histriomuscorum . Eukaryotic Cell, 2003, 2(6):
1234 ~1245.

John G, Ellis 1 V, Davila M, et al. Potential involvement of
extracellular signal-regulated kinase 1 and 2 in encystations of
a primitive eukaryote, Giardia lamblia. ] Biol Chem , 2003,
278(3): 1936~ 1945.

Bentez L, Martin-Gonzalez A, Gutieriz J C. Protein
glycosylation has an important role in the encystment process of
the ciliate Colpoda infcata. Cell Biol Int Rep, 1991, 15(3);
221 ~227.

Izquierdo A, Martin-Gonzulez A, Gutierrez J C. Resting cyst
wall glycoproteins islated from two Colpoda ciliates are glycinne
proteins. Cell Biol Int, 2000, 24(2): 115~ 119.

Presscott D M. The DNA of the ciliated protozoa. Microbiol
Reviews , 1994, 58(2): 233 ~ 267.

Ronald G, Wilson Izquerdo J R, Zimmerman S, et al. The
effects of hydrostatic pressure-induced change on the
cytoskeleton and on the regulation of gene expression in
Pheochromcytoma . Cell Biol Int, 2001, 25(7): 667 ~ 677.
R, KEA. QBB RQEPRNRNELE P

EHNL. FHWER, 1991, 37(3): 287~ 292.



