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Introduction
A dividing cell must ensure that its sister chromatids properly

segregate into its daughter cells to avoid aneuploidy. A key
component in mediating chromosomal segregation is the
kinetochore, a highly conserved protein complex that physically
connects spindle microtubules to the chromosome.

Kinetochore protein recruitment during assembly has remained
difficult to study in vivo, so we instead use a cell-free method for
kinetochore assembly. We currently analyze these assemblies by
Western blot, but this technique is limited in that it can only identify a
small number of proteins out of over sixty kinetochore components.

To overcome these limitations, we have developed a quantitative
mass spectrometry approach, in which kinetochore proteins
assembled in vitro are labeled with a molecular tag. Independent
kinetochore assemblies can be labeled with unique tags and
combined for direct and quantitative comparison by mass
spectrometry.

We demonstrate that this technique can not only identify all
known kinetochore proteins, but can also quantify the relative
amount of each kinetochore protein across multiple assemblies.
Furthermore, our new approach has allowed us to investigate subtle
effects on kinetochore assembly when performed with various
inner kinetochore mutants. This novel approach will allow us to gain
a more comprehensive understanding of protein-protein interactions
during kinetochore assembly and has the potential to reveal novel
proteins important in this process.
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Inner Kinetochore Assembly

Can in vitro assembly in the absence of specific inner 
kinetochore proteins reveal how these proteins interact?

Goals
1. Develop a quantitative, high-throughput 

approach to analyze kinetochore assembly.

2. Characterize how inner kinetochore proteins 
interact and recruit each other during assembly.

Key Discoveries
1. Post-labeling mass spectrometry analysis 

identifies and quantifies virtually all 
kinetochore proteins.

2. Inner kinetochore proteins assemble in a 
primarily interdependent manner.

Acknowledgements
Thank you to all the members of the Biggins Lab, Yuko Ogata

and Phil Gafken from Proteomics, Jennifer Anderson, Stephanie
Louie, Robert Bradley, and Julian Simon for their guidance and
mentorship.

This work is funded by the Howard Hughes Medical Institute
(HHMI) and the National Institutes of Health. The Summer
Undergraduate Research Program is supported in parts by the
HHMI Exceptional Research Opportunities Program (EXROP), the
Cancer Center Support Grant (CCSG) CURE Supplement: 3 P30
CA015704-41S1, the Fred Hutch Internship Program, and
individual labs/research groups.

α-Ndc10

α-Ctf19

α-Cse4

α-Mif2

WCE CEN3

in
ne

r

W
T

m
if2

ts

ch
l4
Δ

O
kp

1-
A

ID

m
cm
21

Δ

C
E

N
3

m
if2

ts

ch
l4
Δ

O
kp

1-
A

ID
m
cm
21

Δ

The effects of inner kinetochore 
mutants are subtle

Western blot analysis provides limited insight 
into inner kinetochore interactions

Future Directions
1. Generate additional inner kinetochore mutants

Analyze in vitro 
kinetochore assembly 

Analyze effects in vivo

2. Identify new kinetochore-associated proteins
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