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Human cells have 23 pairs 
of chromosomes 

(細胞分裂) 

(著絲粒) 

(染色體) 

(子細胞) 

在細胞分裂時，我們的細胞需要準確地分配其染色體到子細胞中。
當中染色體上的著絲粒負責控制染色體的動態。 



claudiajaffe  
https://www.youtube.com/watch?v=P7m3WfzgZdI 

Human 
https://www2.le.ac.uk/projects/vgec/highereducation/to
pics/cellcycle-mitosis-meiosis 

Cell division (Mitosis) is part of the cell cycle 

Cell division/Mitosis (Mitotic phase) 

細胞分裂是細胞週期中的一個階段 

細胞分裂 (有絲分裂) 



Errors  

Down’s Syndrome 

(細胞分裂) 

(著絲粒) 

(子細胞) 

(唐氏綜合症) Cancers(癌症) 

在細胞分裂時，我們的細胞需要準確地分配其染色體到子細胞中。
當中染色體上的著絲粒負責控制染色體的動態。 



Central dogma of molecular biology: DNA → Coding/Messenger RNA→ Protein.  
But new player in regulation: Non-coding RNA 

Exciting new field 
of research!! 

(蛋白質) 

(編碼 RNA) (非編碼 RNA) 

(非編碼 RNA) 

非編碼RNA的發現令我們對
遺傳訊息有新的理解 

(基因調控，維持
染色體結構等) 

分子生物學的中心法則:遺傳訊息
「由 DNA 到 編碼RNA 到 蛋白質 」 

/mRNA 



Common Model Organisms in Cell Biology  

http://biology.uiowa.edu 

(生物模型) 

(酵母) 

酵母是易於培養的單細胞真核
生物，他們的基因和蛋白質與
哺乳動物具有很多的相似性，
所以是優秀的生物模型 



Baking yeast or Brewing yeast… 

is also known as Budding yeast, often used in cell division research 

UMass Amherst Libraries, 
https://www.youtube.com/watch?v=GFEgB_ytDZY&t=1s 

https://en.wikipedia.org/wiki/Yeast 

http://people.virginia.edu/~djb6t/cell/dan333.htm 

Divide by 
“budding” 

(芽殖酵母) 



Budding yeast Human 

Same cell cycle phases between yeast and human 
(G0, G1, Synthesis, G2, Mitotic phase) 

https://voer.edu.vn/m/cell-cycle-regulation-in-
the-budding-yeast/1ce212d4 

https://www2.le.ac.uk/projects/vgec/highereducation/to
pics/cellcycle-mitosis-meiosis 

G0 

~24 hours ~1.5 hours 

(細胞週期) 
芽殖酵母和人類的細胞都有相同的細胞週期，
而且酵母的細胞週期更快，利用酵母研究細
胞分裂，更加方便快捷。 

(有絲分裂) 



Loss of 
minichromosome 

In mitosis 

Red White 

Ade3 

CEN8 

AmpR 

ARS1 

URA3 

Minichromosome lost 
in 1st division 

A simple way to detect error in cell division in budding yeast: 
using a centromere-containing minichromosome 

Yeast colonies on an agar plate 

Minichromosome 
is maintained 

Each colony contains millions of cells, 
originated from a single cell  
(Dennis Kunkel Microscopy) 

(迷你染色體) (著絲粒) 

(菌落) 

我們可以從酵母菌落的顏色
來判斷細胞分裂有沒有出錯 

Mini-
chromosome 



Centromere 

Major Findings 

Proteins Cbf1 and Htz1 
regulate 

Correct cell division a BALANCED level of centromeric 
RNA (cenRNA) is maintained 

 

Too many or too little cenRNA 
= Errors in cell division 

cenRNA 

2. 

3. 
1.  

芽殖酵母”著絲粒DNA”會製造出 "著絲粒RNA" (cenRNA), 是一種剛被發現的非編碼RNA 
1. “著絲粒RNA“ 在細胞週期中的DNA複製期(S phase) 表達 
2. "著絲粒RNA“ 的水平由Cbf1和Htz1 蛋白控制 
3. 過高或過低的 "著絲粒RNA“ 水平會導致細胞分裂出錯 

cenRNA expressed in  
S phase of the CELL CYCLE 

(著絲粒) 
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CenRNA expressed in Synthesis phase of the cell cycle 

(DNA複製) 

"著絲粒RNA" 在細胞週期中的S phase 表達 

(for G1 arrest ) 



W
T
cb

f1Δ
htz

1Δ

cb
f1Δ

 ht
z1
Δ

0

25

50

75

100

CENP-ACse4

Pe
rc

en
ta

ge
s o

f c
el

ls 
(%

)

with
CENP-ACse4

without
CENP-ACse4

***
n = 115 151163 67

***

W
T
cb

f1Δ
htz

1Δ

cb
f1Δ

 ht
z1
Δ

0

25

50

75

100

CENP-CMif2

Pe
rc

en
ta

ge
s o

f c
el

ls 
(%

)
*n = 124 76 94 108***

with
CENP-CMif2

without
CENP-CMif2

W
T
cb

f1Δ
htz

1Δ

cb
f1Δ

 ht
z1
Δ

0

25

50

75

100

Aurora-BIpl1

Pe
rc

en
ta

ge
s o

f c
el

ls 
(%

)

with
Aurora-BIpl1

without
Aurora-BIpl1

***
n = 108 111121135

****

When too many cenRNA (by removal of Cbf1 and Htz1),  
centromeric proteins fail to localize to the centromere 

(著絲粒蛋白) 

"著絲粒RNA" 的水平由Cbf1和Htz1 蛋白
控制。沒有Cbf1和Htz1 (cbf1Δ htz1Δ) 的
細胞會過度表達 "著絲粒RNA"，令著絲
粒失去一些關鍵的蛋白，導致著絲粒功
能異常。 

(red bar increases 
in cbf1Δ htz1Δ) 



Too many or too little cenRNA = Cell division error 

Normal 

Cell division error 

Normal  
cenRNA level 

Too many 

Too little 

Too many cenRNA after removal 
of Cbf1, Htz1 or both 
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Too little cenRNA by cenRNA 
depletion (RNA interference) 

(迷你染色體流失) 

過高或過低的 "著絲粒RNA" 水平會導致細胞分裂出錯 

剔除Cbf1和Htz1，使細胞過度表達 "著絲粒RNA" 利用RNA干擾，使細胞缺乏足夠的 "著絲粒RNA" 



Significances 

• CenRNA is cell cycle-regulated (expressed in S phase) 
 

• We uncover the regulation (by Cbf1 and Htz1 protein) of an 
important non-coding RNA, cenRNA, in the budding yeast cells 

 
• A balanced cenRNA level is crucial for correct cell division 
 
• CenRNA is an important molecule found in many organisms, including 

yeasts, fruit flies, frogs, mice and humans.  

We all have cenRNA!!! 

芽殖酵母著絲粒DNA會製造出 "著絲粒RNA" (cenRNA), 是一種剛被發現的非編碼RNA 

"著絲粒RNA" 在細胞週期中的S phase 表達 

"著絲粒RNA" 的水平由Cbf1和Htz1 蛋白控制 

過高或過低的 "著絲粒RNA" 水平會導致細胞分裂出錯 



Potential applications 
• Mis-regulated cenRNA level may result in cells with abnormal chromosome 

number. 
 Abnormal cenRNA level may cause our cells to mis-divide. Our study 

will help future researches to investigate the causes of diseases with 
cell division errors, such as Down’s syndrome & cancers. 

 
 

• Some cancer cells like ovarian cancer cells contain high level of cenRNA 
(Zhu et al. 2011, Nature). 
 Understanding cenRNA function & regulation will help to understand 

the causes of cancers.  
 cenRNA may act as a future cancer biomarker.  
 We may also fight cancer by targeting the cenRNA or its regulators. 

(生物指標) 

我們的研究亦啟發了癌症測試和治療的新方向。 

(卵巢癌) 

我們的研究有助了解染色體異常疾病的成因，如先天性的唐氏综合症、癌症。 
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