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Supplementary Figure 1. Recovery times of yeasts under stimulation with sustained hyperosmotic
pressure (0.4 M KCI).

To estimate the response and adaptation time of cells to osmotic stress, we added continuous
osmotic pressure (0.4 M KCI) stimulation at 80 min. The response time is the time it takes for the
base value to reach the fluorescence maximum. Recovery time is adapted from the maximum to
the constant value. The response time and recovery time were approximately 1 h and 2~3 h,
respectively.
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Supplementary Figure 2. Periodic mild osmotic stimulation (0.4 M KCI) does not affect the

culture

replicative lifespan of yeast cells.

(@) The lifespan distribution of yeast cells under normal culture and periodic stimulation
conditions. The lifespan under both conditions showed a normal distribution, which is similar to
previous conclusions obtained by using manual methods (N=124 and 108 under normal culture

and periodic stimulation, respectively).

(b) Survival curves of yeast cells under two culture conditions. The replicative lifespan assay
shows that compared to the normally cultured strain, strains that received the indicated stimulus
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Supplementary Figure 3 Heat map depicts representative fold changes in the protein expression of

components of the HOG1-MAPK pathway and housekeeping genes.
The colored bar represents the fold change in protein expression. Different categories are indicated with different
colors. Osmotic-related proteins are marked in orange and purple, and the proteins independent of osmotic stress

are in cyan.
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Supplementary Figure 4. Correlation analysis revealed a linear correlation between
averaged stress responses.

For the four osmotic-related proteins, we performed a correlation analysis of the descending
segments of the response curve and the survival curve. Correlation analysis revealed a linear
correlation of higher than 80% on average between stress response and survival rate with the
highest correlation coefficient of 93% in TPS2.
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118

119  Supplementary Figure 5. Lifespan predictability of osmotic-related proteins.

120  We analyzed the relationship between the response capability of the four proteins to a single
121 stimulus and the residual lifespan. Consistent with clustering results, TPS2 has the best lifespan in
122 single-cell level (R"2=0.58, Fig. 4a), followed by PGM2 (R"2=0.42).
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139  Supplementary Figure 6. Nuclear localization and duration analysis during aging at the
140  single-cell level.

141 For single-cell data as an example (a), the fluorescent intensity and normalized nuclear HOG1 was
142  demonstrated at each administered stimulation (b).
143
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Supplementary Figure 7. Dynamic changes in protein dilution and degradation during the
aging process.

We used single-cell data for parameter fitting to obtain the relationship between the decay
coefficient of the target protein d, and residual generations (N=39). According to Equation (6), we
guantitatively measured the protein dilution caused by cell division. Through the above analysis,
we deduced the effect of molecular degradation on the remaining lifespan. Although the
single-cell data are relatively messy, the degradation ability of the cells was significantly reduced
in the generations before death.
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189
190  Supplementary Figure 8. Simulated time traces of mRNA and protein from different TF
191 inputs.

192  (a)curve fitting of averaged transcription factor(TF) localization time trace throughout the whole
193  lifespan.
194  (b)Simulations of MRNA and downstream protein expression in response to two different
195  transcription factor(TF) inputs (orange solid line: periodic stimulation; blue solid line: normal
196  culture).
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224  Supplementary Table 1. Performance comparison of different abundance
225  proteins.
TPS2 |PGM2 |HSP12 | GPP1 | CTF4 | APPl | SAC3 | SSA2

copy numbers (untreated) 15818 40334 42197 221168 | 5044 1530 1677 411582
( From Yeastgenome.org )
copy numbers (under stress) 31452 66625 84487 344606 | NA NA NA NA
( From Yeastgenome.org )
Basic fluorescent value ~ 100 |~ 200 |~ 200 |=500 ~ 40 |= 30 |~ 30 ~ 1000
I/ [a.u.](Untreated)
Maximum fluorescent value under | ~ 220 |~ 300 |= 400 |=700 ~ 45 |= 40 |~ 40 ~ 1100
osmotic-stress Imax/ [a.U.]
Maximum synthesis rate ama ([a.U.J/h) | = 180 |~ 220 | = 330 |=500 ~ 35 |= 30 |~ 30 =~ 750
Averaged synthesis rate a ([a.u.]J/h) | = 80 ~ 170 |~ 170 | =350 ~ 30 |= 25|~ 25 ~ 700

226

227  NA means not analysed

228 I, and I, are the results of our experiments.

229 amax and ap are calculated by the Euler equationl.
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238  Computational modeling:

239 In this phenomenological model, the binding of transcription factor immediately induces mMRNA

240  production, which then leads to the production of downstream protein®. The equations describing

241  the system as follows:

242

_( TFyt>At
TF©) = {TF',O <t <At
d[mRNA] k- TF(O)"
it K +TFE@r Mt [mRNA]
P
dt

243  kyand k, are the production rate of mMRNA and protein; d, and d, are the mRNA and protein

244  decay rates (degradation and dilution rate), respectively. The binding of transcription factor to

245  DNA is governed by the Hill function, where K, is the dissociation constant and n is the Hill




246  coefficient.At is the nuclear localization time of transcription factor.
247  Then, we can get the function of mMRNA m(t) and protein P(t) through the ODE equations.
248

A
(—(edlt —1e %t o<t <At
m) =14
d—(edlAt —De 4t t> A
1

( ke 1_e_d1t—1_e_d2t 0<t<At
@)= koA e—d1t(ed1At — 1) e—dzt(edzAt _ 1)
\dz—d1< d1 - 4 >,t>At
249
TF™ TF}
A=k n M n n
K} +TF™ K} +TF;
250
251
252 We fitted the averaged protein and mRNA with the function m(¢) and P(t).The parameter sets

253  selected from the fitting are those that gave the smallest sun of squared residual(ssq)
254  (Supplementary Table 2).

255
256  Supplementary Table 2. Parameter setting
257
ky 3.021 (h™)
d, 3.0 (hh)
Ky 0.9232 (AU)
n 4
At 19 min
258
259 In order to verify the accuracy of the model, we fitted the time-series data of TF as input

260  (Supplementary Fig. 8 a), and simulated the expression of MRNA and protein under given inputs
261 (Supplementary Fig. 8 b). As shown in (Fig. 4c), the base value of transcription factors rises in the
262  early lifespan and then flattens out, but the square pulses (above baseline) activated by osmotic
263  stress does not change. For the two different transcription factor inputs (normal culture and
264  periodic stimulation), the simulated protein dynamics trend is highly consistent with the
265  experimental data.
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