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Influence of Chromosome Number on Cell Growth and Cell Aging in Yeast
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The influence of chromosome number on cell growth and cell aging was investigated in various yeast
strains that have many artificial chromosomes constructed using a chromosome manipulation
technique. Host strain FY833 and the YKY18, YKY18R, YKY24, and YKY30 strains harboring 16 natu-
ral chromosomes, 18 chromosomes, 18 chromosomes containing rDNA chromosome, 24 chromosomes,
and 30 chromosomes, respectively, were used, and the specific growth rate of each strain was
compared. The specific growth rates in the YKY18 and YKY24 strains were indistinguishable from that
in the host strain, while those of the YKY18R and YKY30 strains were reduced to approximately 25%
and 40% of the host strain level, respectively. Subsequently, the replicative life span was examined
to investigate the relationship between the number of chromosomes and cell aging, and the life span
was decreased to approximately 14% and 45% of the host strain level in the YKY24 and YKY30
strains, respectively. Moreover, telomere length, well known as a senescence factor, was shorter and
more diversified in the strain, showing decreased life span. Therefore, these results suggest the possi-
bility that an increase in the number of chromosomes containing artificial chromosomes caused cell
aging, and we expected these observations would be applied to improve industrial strain harboring

of versatile and special artificial chromosomes.
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Table 1. Yeast strains used in this study
Strains Descriptions
FY833 MATa ura3-52 his34200 leu2A1 lys24202  trp1463
YKY18 Transformant of FY833, which has 18 chromosomes by two-rounds of chromosome splitting
YKY18R Transformant of FY833, which has 18 chromosomes containing TDNA chromosome by two-rounds
of chromosome splitting
YKY24 Transformant of FY833, which has 24 chromosomes by eight-rounds of chromosome splitting
YKY30 Transformant of FY833, which has 30 chromosomes by fourteen-rounds of chromosome splitting
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Table 2. Specific growth rates (1) of yeast strains having different numbers of chromosomes

Strains Number of chromosomes Specific growth rate (h'])
FY833 16 (original) 0.44+0.04
YKY18 18 0.41+0.05
YKY18R 17 + 1 (rfDNA chromosome) 0.34+0.03
YKY24 24 0.40+0.03
YKY30 30 0.27+0.04




120 —e—FY833
——YKY18§
——YKY18R
100 B-B-B-S-%
=
SR
=
2
S e |
=
k5
4
54|
-0

20

Generations

Fig. 1. Life span of various strains containing spilt-chromosomes.
Life spans were determined by counting the number of
daughter cells generated by a single mother cell. A mi-
cromanipulator was used to tease away and remove each
daughter cell that emerged as a bud from its mother cell.

Table 3. Average life span of yeast strains having different num-
bers of chromosomes

Strains Number of chromosomes Generations
FY833 16 (original) 34.1
YKY18 18 326
YKY18R 17 + 1 (rfDNA chromosome) 21.7
YKY24 24 295
YKY30 30 189
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Fig. 2. Analysis of telomere length in various strains containing
spilt-chromosomes. Genomic DNA was digested at a
unique Xhol site in the Y’ subtelomere DNA and sub-
jected to electrophoresis followed by Southern
hybridization. Fluorescein-dUTP labelled subtelomere
DNA containing 41Int strand-specific sequence of the te-
lomere repeat was used as probe. Lane 1: FY833 strain,
lane 2: YKY18 strain, lane 3: YKY18R strain, lane 4:
YKY24 strain, lane 5: YKY30 strain.
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