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Changes of the expression of tubulin genes during encystment and
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Abstract: The processes of encystment and excystment of the hypotrichous ciliate

Euplotes encysticus, were investigated using interference contrast microscopy and real-time

quantitative PCR (Q-PCR). Results showed that the microtubular organelles were always

in non-assembly and assembly functional states; furthermore, the activity of the contractile
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vacuole during excystment played an important role in reassembly of cortical microtubular

organelles and cellular activities, and meanwhile, the expression level of α-, β- and γ-

tubulin genes changed relatively. During the dedifferentiation of the cortical microtubular

organelles, cells formed the non-kinetosome-resorbing cysts and the expression of α-, β-

and γ-tubulin genes showed a downward trend. During the re-differentiation of the cortical

microtubular organelles, oral and somatic ciliature formed in order and cells rotated inside

the cyst and soon after excysted to vegetative cells, while the gene expression of α-, β- and

γ-tubulin showed an increasing tendency. During the whole process, the gene expression

quantity from more to less were β-, α- and γ-tubulin, and the initial copies of the former

two were much more than the latter’s. It was revealed that during the processes of

encystment and excystment of Euplotes encysticus, with the differentiation of the cortical

microtubule organelles, α-, β- and γ-tubulin gene were always in the different functional

states relatively intracellular, as well as the γ-tubulin gene which works as microtubule

organizing center.

Key words: hypotrichous ciliate; Euplotes encysticus; microtubular organelles;

tubulin; gene expression

0 Ú ó

Jf8nfÁ3Øû�¸¥~´u)/¤�K�y�. ~X�¸¥ Ô!§Ý!�

Ý!�wÝÚíÝ9«+�Ý�	.^�Cz�U¬�¦nfÁ/¤�K[1]. ���^�

=C, /¤�K�[�q¬ø�K, 2g?\Ã5)��ã. ïÄnfÁ��Ky�é�

\
)[�3AÏ)n^�e�)·¹ÄA�äk­��¿Â. õc5, ¤3¢�¿±/

¤“fÄN�áÂ.�K”��KiÂÁ (Euplotes encysticus) �á�, lw�Úæw�Y²

�²
nfÁ3>�^�e�(�©zÚE�|^, ±9[�ø�K¥(��2©z, �

nfÁ>�[�)·¹ÄÅn�ïÄJø
Ä:á�[2-6]. 8c, 3©fY²éunfÁ/

¤�KÚø�KL§¥�ì(��©z, cÙ3nf�+!�+�x9Ù[��'ÄÏ�

L�!N���¡�ïÄÿ����. �©±�KiÂÁ�á�, A^Z���w�âé

Ù/¤>��KÚø�KL§?1/�Æ�Jl�Ó�, ÄgA^¢�F1½þ PCR {é

α-!β- Ú γ- 3 «�+�xÄÏL�Cz?1
uÿ, ±Ïé�K/¤Ú)øL§¥ÄÏ�

N�Ú[�>�¹Ä�Å�JøÄ:]�.

1 á���{

1.1 á�

¢�¥¤¦^��KiÂÁd¥I°��Æ�)ÄÔÆïÄ¿Jø, ²Xz�Ý�X

z�úÁV%Á (Chilomonas paramecium) ��*����XX.

1.2 �{

1.2.1 Z���w�â

ò�½þ��KiÂÁ�«u¹kLÈY���®¥, ¿�u 25 ◦C �ð§���¥�

�. 3iÂÁ�����Ý�, Ê�� , � 2 d ���iÂÁ/¤�K. ^#m�LÈY?

n���±��iÂÁ>��K, 1.5∼2.5 h �[�B²{ø�K�L§.
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©O]�=ò/¤�K�iÂÁÚ�Kê�, �uZÀ�1À¡þ, Xþ±�¬�| 

o��XÀ¡ (±ØK�ÁN�~¹Ä�IO), u Olympus BX51 Z���w�ºe*	¿

ûì.

1.2.2 ¢�F1½þ PCR(Q-PCR)

â®���iÂÁ� α-!β-!γ- �+�xÄÏ�S�'é¿¦^ Primer 5.0 ^�©O

�O�AÚÔ (�L 1)[7-9]. ÚÔdþ°)Ôó§úi?1Ü¤.

l��®¥á�� 6×103 �[�, ¦^U�)z�Ek�úi� RNA prep pure Mico

Kit J�o RNA, u −80 ◦C ���^.

¦^ Thermo Scientific � Revert Aid First Strand cDNA Synthesis Kit ?1 cDNA 1�

ó�Ü¤, u −20◦C ��. 1�Ú PCR NX�: cDNA 5 µL, 10 × PCR buffer (Mg2+ free)

2.5 µL, dNTP Mixture (2.5 mmol/L) 2 µL, Taq DNA Polymerase (5 U/µL) 0.1 µL, MgCl2

(25 mmol/L) 2.5 µL, CF primer (100 µmol/L) 0.5 µL, CR primer (100 µmol/L) 0.5 µL, ddH2O

�oNÈ� 50 µL. �A^��: 94 ◦C ýC5 5 min, 94 ◦C C5 45 s, ò» 45 s, 72 ◦C ò�

1 min, � 35 �Ì�, 72 ◦C ò� 10 min, 4 ◦C ��. Ù¥, Taq DNA àÜs	g TaKaRa ú

i. PCR �ÔÿS�?1 Q- PCR ÚÔ�O (�L 1), À� 17SrRNA �ëìÄÏ[10].

ò[�y©� 5 ��Ï©O?1o RNA �J�Ú cDNA 1�ó�Ü¤. �ÔDº 10

���� Q-PCR ���. Q-PCR �NXXe: 10−1 cDNA 10 µL, QF primer (100 µmol/L)

0.25 µL, QR primer (100 µmol/L) 0.25 µL, SYBR Green I 8 µL, ddH2O � 20 µL, ý·, ý·

NX�g\\ 96 ��. ^ Bio-Rad CFX 96 F1½þ PCR ¤?1XeÌ�: 94 ◦C ýC5

7 min, 94 ◦C C5 10 s, 55 ◦C ò» 30 s, � 40 �Ì�, l 65 ◦C � 95 ◦C z 0.5 ◦C z 5 s Ö�F

1ê�. SYER Green I 	g Roche úi� Fast Start Universal SYBR Green Master (ROX),

96 ��Úµ�¾�þ	g Bio-Rad úi. é��ÏÄÏ��é½þæ^ Livak � 2−∆∆Ct

{[11].

LLL 1 3«««���+++���xxxÄÄÄÏÏÏÚÚÚÔÔÔ

Tab. 1 Primers used for PCR with amplifying genes of the three tubulins
ÄÏ¶¡ ÚÔ*(5’-3’) Tm�/◦C

α- CF1: ATACAACTCCGTTCTTTCAACTCACTC 57

CR1: GGTAGCGTTTACATCCTTTGG

QF1: GCCGTCTATGACATCTGC

QR1: TTCGTGGTAGGCTTTCTC

β- CF2:TGACGAGCACGGAGTAGA 57

CR2: GTCCCTTAGCCCAGTTGT

QF2: AACGAAGCCACTGGAGGTAGA

QR2: TGTCCCTTAGCCAGTTGTTTCC

γ- CF3: CACTCTATTGCTGGAGGAACA 55

CFR3: TGTAGATGCTGCCATAACTGTAG

QF1: ATCCAAACTTACTCTGTCTTCC

QR2: TTCAGTCATCAACCGCAA

17SrRNA REF:TGGTCGCAAGGCTGAAACTTA

RER: CAGGACATCTAAGGGCATCACA

5: *CF Ú CR, ÊÏ PCR ���Ú��ÚÔ; QF Ú QR, ¢�F1½þ PCR ���Ú��ÚÔ;

REF Ú RER, ¢�F1½þ PCR ëìÄÏ���Ú��ÚÔ; Tm, ò»§Ý
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2 ( J

2.1 Z���w�âw«/¤�KÚø�KL§¥[�(��©z

ò?uØÓ�Ï��KiÂÁy©�±e 5 ��Ï: � E�[� (�ã 1-1): ����

±�, ¤kiÂÁÑ?u$Ä¹��G�, 3®.÷1½Ó , ¤k��nfì��; � �

K/¤�[� (�ã 1-2—4): Ê�� � 2 d �, ¤k[�$ÄÚ� ¹Ä²w~f!C�

(�ã 1-2), ½m©/¤�K9 (�ã 1-3), [�C�, ��²w��K9�[�Nm�m�

(�ã 1-4), d�, Ø
�����	, Ù¦���+�ìÑ*	Ø�; � >�[� (�ã 1-5):

���±���K[�, �Ü[���K9þÑÑy²w
âÑ�Ô, *	Ø�¤k��n

fì; � ø�K�[� (�ã 1-6—9): ø�K?n 1∼1.5 h, 95% ±þ�[�m©Ñy²w�

� �¹Ä (�ã 1-6 Ú 1-7) �[�/C95fw³ (�ã 1-8 Ú 1-9), 5fw³�L§¥,

�g�*	����, �5fÚ�5f; � ø�K�[� (�ã 1-10—12): ø�K?n 2∼

2.5 h, �K9»�, [�N	6 (�ã 1-10). �[�®��øl�K9�, [��NE �,

/���~E�[�ÑkØÓ.

5: 1 E�[�; 2—4 �K/¤�[�(3!4 ¥�Þ©O«�K9m©/¤Ü !@Ï�K��K9); 5 >�

[�(�Þ«�K9þ�Ô); 6—9 ø�K�[�(6,7 w«� ��Cz; 8,9 w«[�/C95f�w³;

AZM «����Ñy); 10—12 ø�K�[�(AZM, ���; CV, � �; ECC, ��K�; FC, �5f; �

Þ«�K�	9Ú	9).

ã 1 �KiÂÁ/¤�KÚø�KL§¥[�/��Cz

Fig. 1 Observation of encystment and excystment of Euplotes encysticus

2.2 /¤�KÚø�KL§¥[��+�xÄÏ�L�

2.2.1 *O­�ÚL)­�

�¬�¢�F1½þ PCR �ÄåÆ­�´ S .� (�ã 2); ¦^«ÿ�n�Y�O�

���Ò5éì, ÙÄåÆ­��ã 2 ¥�e��É�, F1ê�� 0.

¤k�¬�L)­��k��$:½��¸, �­��1w, ¸��ÄÚk (�ã 3 �

ã½mã). Ù¥, α- �+�xÄÏ (�ã 3 ¥ù�¸�) � Tm ´ 79.0 ◦C, β- �+�xÄÏ

(�ã 3 ¥7�¸�) ´ 80.0 ◦C, γ- �+�xÄÏ (�ã 3 ¥��¸�) ´ 74.0 ◦C, ëìÄÏ
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17SrRNA (�ã 3 ¥É�¸�) ´ 79.0 ◦C.

2.2.2 3 «�+�xÄÏL�

α-!β-!γ- �+�xÄÏ3 5 ��Ï�[�¥L�þoN¥yÑk~��O\�ª³.

�´, lm©/¤�K�[��>�[� α- Ú γ- �+�xÄÏ�L�þªu~�, 
 β- �

+�xKªuO\ (�ã 4). Ó�, 3?Û���Ïùn«�+�x��éL�þ�5ÆÄ

���, = β- �+�xÄÏL�þ�p, α- �+�xÄÏg�, γ- �+�xÄÏ�� (�ã

5 ÚL 2).

5: ù�, α- �+�xÄÏ; 7�, β- �+�xÄÏ; ��, γ- �+�xÄÏ; É�, 17SrRNA

ã 2 �¬*O­�

Fig. 2 The amplification graph of samples

5: ù�, α-�+�xÄÏ; 7�, β-�+�xÄÏ: ��, γ-�+�xÄÏ; É�, 17SrRNA

ã 3 �¬L)­�

Fig. 3 The melt curve graph of samples

3 ? Ø

3.1 �KiÂÁ/¤�KÚø�KL§¥nfì�+�©z9� ���^

Yonezawa Äk3F�2�æ8��KiÂÁ[12], d��4x�3¥Iþ°æ8�T«
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nfÁ[2]. '��KiÂÁ�2�!þ°Ú��«+, �©�iÂÁ=��«+3/¤�K

�, �a�+�ì�nf\�áÂ, 
fÄNÚ�Ü©�+K��3e5, [�¥y�$Ä

G�, ù�cü�«+�£ã´���[2,12]. ��ö*	�, ��«+iÂÁ3/¤�K�

L§¥, d�«k/¤�K9, d�[���K9����, ¿��X[��Y!Â ÚC

��L§. 
2�Úþ°«+¿��aq£ã[2,12]. ��±�[���?\>�G�, Ù[

�N��K9��bÜ, 
3�K9L¡KÑy�þ°«+�q�²w�âÑ�Ô; �Ki

ÂÁå©ø�KL§��²wCz´[�SÑy����� �, ù�2�9þ°«+�

q. � ��$Ä¦[��þáY
C�, Ù��nfì×�u), [�¯�^=¿øK


Ñ. d�KiÂÁ/¤�KÚø�KL§¥[�l�$ÄG�¤�$ÄG�9Ù�+�ì

l�©z�2©z�=C, `²nfÁ[��+�ì�©ª?u�C�9C��õU¹Ä

G�, 
ø�K¥� ��$Äé[�¿©áY^u�+�ì�2C�9[�$ÄKå


'���^.

LLL 2 ���éééFFF111½½½þþþPCRÚÚÚOOOêêê���

Tab. 2 Statistical data of relative real-time PCR
�ÏÚÄÏ Ct²þ�±IO� △Ct±IO�

aα- 21.36±0.11 −2.78±0.35
aβ- 17.88±0.25 −6.26±0.41
aγ- 30.78±0.20 6.64±0.39

a17SrRNA 24.14±0.33
bα −23.60±0.27 11.83±0.36
bβ- 19.88±0.05 8.11±0.25
bγ- 31.37±0.49 19.6±0.54

b17SrRNA 11.77±0.24
cα- 21.86±0.34 10.61±0.44
cβ- 19.53±0.24 8.28±0.38
cγ- 29.91±0.25 18.66±0.38

c17SrRNA 11.25±0.29
dα- 20.01±0.54 5.61±0.59
dβ- 17.17±0.09 2.77±0.27
dγ- 29.06±0.15 14.66±0.29

d17SrRNA 14.40±0.25
eα- 20.77±0.21 −1.44±0.30
eβ- 18.08±0.12 −4.13±0.25
eγ- 29.58±0.33 7.37±0.40

e17SrRNA 22.21±0.22

5: a E�[�; b �K/¤�[�; c >�[�; d ø�K�[�; e ø�K�[�

ã 4 /¤�KÚø�KL§ØÓ�Ï¥ 3 «�+�xÄÏL�þ�Cz

Fig. 4 The change of the expression of three tubulin genes during encystment and excystment



1 6 Ï ��¦, �: �KiÂÁ�K/¤Ú)øL§¥�+�xÄÏL��Cz 107

ã 5 ØÓ�Ï 3 «�+�xÄÏ�éL�þ

Fig. 5 The relative expression of the three tubulin genes during different stages

3.2 �+�xÄÏL�þ�Cz9ÙõU�©Û

dL)­�´ü¸, ¸�Ä�k��, *O�Ô´ü��, F1&Ò´'�ý¢��

�[13].

©Ûêâuy, �+�ì�©z�, α-!β- Ú γ- �+�xÄÏ�L�þ¥y~��ª

³. 3iÂÁ/¤�K�L§¥, nfì�+�ì�nf\¬�áÂ, Ó�Ï[��Y!N

È �, �nfì��+�e�¬�A/u)Cz[2,14]. 
 β- Ú α- �+�x´ù
�+�

ì�­�|¤¤©[15], γ- �+�xKÌ�å�+|�¥%��^[16], ¦�3ù
Cz¥, ù

3 «�+�xLy�)à!ü)ÚI¦þeü, ÄÏ�L�þ���ü$. �+�ì2©z

�, [�S α-!β- Ú γ- �+�xÄÏ�L�þ¥yÑl���O\�ª³. d�, [�Ø


¬­#�Ñnf\9­ï�nfì��+�e	, ���ì��� �¹Ä. k��uy γ-

�+�x��½ uo�ÁÚúÁÁ�� �(�¥[17,18], íÿ3�KiÂÁ�� �¥

γ- �+�x�U�k©Ù. Ïd, 3dL§¥Ø=���+�e� β- Ú α- �+�x¤éA

��ÄÏL�þþ,, γ- �+�xÄÏ½Ï� �ì�*Ü�I¦�k�p�L�þ. ø�

K��[�nfì�®�¤2©z, �/���~E�[�EÑkØÓ, íÿÙ[�¥�n

fì��+�ÿ��¤­ï, Ïd�«�+�xÄÏ�L�þ�E�Ï�'Ñ$.

3ØÓ�Ï[�S 3 «�+�xÄÏ�L�þþ� β-!α- ��u γ-�+�xÄÏ. ®

kïÄL² β-!α- �+�x2�½ u�¤nfì�nf���Ü , ±9�nfì�[

��e¥[14,19], 
 γ- �+�x���+|�¥%K=�þ½ unfì�ÄNn!ÄNÄ

ÜC¥%à!ÄNÄÜC¥%àë�9ÄN¥Üë��Ü . Ïd, �ïÄ¤�«�ØÓ�

+�xÄÏL�þ��É�c<���/�Æ(JÄ���[14-16,19]. Ó�, Ï α- � β- ü«

�+�xo±�àN/ª��[��e�Ì�|¤¤©1¦õU[15], üö¤éAÄÏ��

éL�þnA��, ��ïÄ¥, α- �+�xÄÏ��éL�þo´Ñ$u� β- �+�x

ÄÏ, äN�Ïk�?�ÚïÄ.

nþ¤ã, 3[�/¤�K9ø�KL§¥, �+�xÄÏ�ØÓ¹ÄG��[��+

�ì¤?�C���C��õUG�Ä�ÓÚ, 
ØÓ�+�xÄÏ�L�þ�Ù�+�

x�ØÓõUÚ½ �Ä�éA.

������ a�¥I°��Æ�)ÄÔÆïÄ¿��ïÄJø¢�á�.
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