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Outline

Limitations of previous studies led to development of experiment
using chemostat culture and low temperature acclimation.

S. cerevisiae was grown in four different experimental conditions.

DNA microarray analysis was used to analyze growth limitations
applied to S. cerevisiae.

S. cerevisiae stores carbohydrates during chemostat culture for
unknown reasons.
Promoter analysis reveals regulation trends in gene regulation.

Temperature response genes overlap in expression.

The genes that are responsible for adaptation and acclimation are
expressed separately.

Environmental stimulation responses differed in batch vs. chemostat
cultures.
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Chemostat culture allows for fixed
experimental conditions

Chemostat culture involves ﬁ '

the continuous addition of
fresh medium.

| Fresh medium

Allows for control of growth P A
factors. . 1

Air
Specific growth rate can be supply
measured accurately. fiter I

A

Batch culture is a closed Nk
system which does not allow e
for accurate measurement of L
specific growth rate. U

Receptacle

http://classroom.sdmesa.edu/eschmid/f6-9 _a_continuous_cultu.jpg



Low-temperature acclimation and cold
shock have differing results

Cold shock entails a rapid decrease to near freezing temperatures.

Low-temperature acclimation is the biological response of cells to
steady decreases to near freezing temperatures.

Trehalose is required for transcription in low temperature situations.

— Not present in low temperature acclimation results.
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S. Cerevisiae grown in varying conditions of
temperature and nutrient content

Growth (Carbon Residual Residual
Limiting temperature Yo/x recovery glucose ammonia
nutrient (°0) (Bow * Bgiucose ) ufety qeioH’ qeoz” (%) (mM) (mM)
Glucose 12 0.07 = 0.01 -25+02 38+03 4403 100=3 RE1) 22l
Glucose 30 0.07 = 0.00 -23+00 3500 3802 9% +1 0301 613+45
Ammonium 12 0.05 = 0.00 -36+02 61x03 60=x06 97+4  90.0+98 1502
Ammonium 30 0.04 = 0.00 -40+01 68+02 74+02 97+2 851+82 0201

Cultures were grown at 30 and 12°C (D = 0.03 h~ 1), Values represent the mean * 5D of data from three independent steady-state chemostat
cultivations. Ygj,/x, biomass yield on glucose; DW, dry weight.

* Values expressed as mmol * gy, ' +h 7.

Table 1

* S. Cerevisiae is minimally affected by variation in temperature.
* Higher temperatures correlated with lesser amounts of a limiting nutrient
corresponding residual residue.

o Larger amounts of residual glucose at 12°C connected to possible

contamination of gene sets.

Tai et al., 2007



S. Cerevisiae grown in varying conditions of
temperature and nutrient content
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Outline

* DNA microarray analysis was used to analyze growth limitations
applied to S. cerevisiae.



Temperature and nutrient limitations were
analyzed using DNA microarray analysis

M-lim C-lim
12°C vs 30°C 129 vs 30°C
806 genes 494 genes
202 Up 96 Up 123 Up
369 Down 139 Down 136 Down
371 genes 235 genes 239 genes
1065 genes
Figure 1

* 1065 represents the number of temperature responsive genes in
S. cerevisiae genome.

Tai et al., 2007



Heat mapping was used to identify transcription
level of temperature responsive genes
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S. cerevisiae stores protein and
carbohydrate in chemostat culture

Growth Biomass dry Whole cell Biomass nitrogen
Limiting temperature weight protein content Trehalose Glycogen
nutrient (°C) (gow 17 ') {gl-"mtuin 2 gnw"’}' (mgnitwﬁun * Bow 0 {gw]ui\'a]vnt glucose * 8DW ") {Ea\.]uiralunt glucose * SDW )
Glucose 12 1.71 = 0.09 .40 = 0.01 nd =20.005 0.0 = 0.01
Glucose 30 1.89 = 0.06 0.43 = 0.01 nd 0.02 = 0.00 0.04 = 0.00
Ammonium 12 227 = 0.05 0.47 = 0.03 63+ 3 =(0.005 0.02 = 0.00
Ammonium 30 3.53 = 0.01 0.34 = 0.01 4] +2 0.04 = 0.00 0.05 = 0.01

Cultures were grown at 30 and 12°C (D = 0.03 h™!). Values represent the mean * SD of data from three independent steady-state chemostat
cultivations. DW, dry weight; nd, not determined.

Table 2
* Trehalose and glycogen biosynthesis occurs under stress conditions.
— Biosynthesis varies with temperature.
* Reason for storage of carbohydrates in nonfreezing temperature in unclear.

— Trehalose was not produced in tps1 and tps2 strains, yet did not affect
viability.

Tai et al., 2007
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Promoter Analysis Reveals Regulation Trends in

Gene Regulation

(A) 5" upstream cis-regulatory motif

Putative-binding Promoter Expected
Regulatory cluster Motif name protein element ooc® occ® occ E°
Low Temperature C-lim Up -
Low Temperature C-lim Up -
Low Temperature MN-lim Up - - TGAAAAA 206 113.04 2.30E-11
PAC - CCATCAG 57 17.40 6. 1E-14
- - TGAGATG 40 16.3 L1E07
Low Temperature N-lim Down GATAA Gln3/Gatl/Dalb0/Gzf3 ACATAAG 203 102.57 31E-15
STRE Msn2/Msnd ACCCCTT 29 8.73 1L6E-03
Low Temperature C- and M-lim Up PAC -- CGATGAG an 839 5.0E-05
Low Temperature C- and N-lim Down .- - CGTCCAC 13 2185 7TEE03
(B) Owerrepresentation of transcription factors (TF) binding targets
Regulatory cluster Factor p value K9 P
Low Temperature C-lim Up Mbpl 1.6E-03 10 &5
Low Temperature C-lim Down Hap?-?—[ﬂp] J0ED5 3 4
Hap3-Hapl G 9E-D6 3 3
Low Temperature N-lim Up Fhilp JAEA5 19 203
Sfplp 1.3E03 7 51
Low Temperature N-lim Down Gln3p L1E07 20 a2
GIn3-Dals2 5.5E-07 f 15
Hap2-Dalf2 6.8E-05 5 9
Low Temperature C- and M-lim Up
Low Temperature C- and MN-lim Down Aft2p 7.hHE04 10 M
Hsflp J.0E08 16 132
Nrglp TREO7 14 128
Phdlp 33E-04 0 o
Reslp 1L.1E-D4 9 B4
Roxlp 6.0E-05 B 62
SokZp 5.7E-05 2 i
Nrgl-Aft2 6.0E-05 5 X
Phdl-Nrgl 1 AE-D5 7 37
Rox1-Phdl 7.BE-05 5 pa |
Sok2-Nrgl 43E07 B 3

(A) Significantly overrepresented cis-regulatory binding motifs in 5' upstream regions. (B) Significantly overrepresented promoter elements
that bind known transcription factors {TF) or TF pairs according to ChiP-on-chip analysis (Harbison ef al., 2004). C-Lim, glucose-limited;

M-Lim, ammonium-limited.
* The number of ocourrences of promoter element in the regulatory chester.

¥ Expected number of ocrurrences of the promoter element in a randomly chosen cluster of genes of the same cluster size.

* The probability of finding the number of patterns with the same level of overrepresentation, which would be expected by chance alone.

4 Number of genes in category in cluster.
* Number of genes in category in genome.

Table 3

STRE elements exist in
promoters of
downregulated genes in
N-limited cultures

Upregulation in both
conditions show PAC
regulatory motifs in
promoters

Common promoter
sequences show possible
regulation relationships

Tai et al., 2007



Genes Common to All Researchers Were
Categorized According to Regulation
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regulated GPXT, GRED, GTT2, HNTI, H5P12, HE5P26, HET2, MALIT,

o 4 MCRT, MMT2Z, MNRZ, MSCT, MEN2, NCEMIZ, M5, QOFF3,

| PAALT, PALMG, PIRI, PAMCI, RIMITI, BNY!, SC02, SNA4,

SPIr, STF2, TIPI, T8I, TPK!, TPS!, TPS2, TaL1, TTRI,

| LIRS, LNGAS, LGAZ, YGPE, YO, YRLOA9W, YRELOGEC,

YBEREI4ATW, YDRLIIOC, YRLI0GW, YDROOGW, YDREIG2IW,

YORS1GC, YDRE342W, YELOTIC, YEROS3C, YEROMMGAOW,

YEROGTW, YEROTIW, YERIETW, YFROOIC, YFROZOW,

YOROMIO, YHLOZIC, YHROS?TW, YHRIIEC, YILOS2C,

YILITAO, YIL1&3C, YELOZIW, YELISIC, YEROMOMC,

YWLLO23C, YWLLOSSW, YLLOSEW, YLROT2W, YLR2IZ3C,

WLEZTOW, YRS, YAROMW, YMREIBEIC, YMRIGIW,

WL SC, YHNML20EW, YOR220W, YORIZIEC, YORIEOW,
YPLIZOC, YPFROMGIC, YPRISEW

Murata f,f' Sahara
S I0RC ws 30°C

48 genes commonly ACO, ADEI, ADEI2, ADEI3, ADES. 7. ADKI, AHAI ALGT,
e CAR2, CYCI, DSE4. ELP2 ERP3, FCY2 GCVFl, GCVZ

= GC¥3, GDHI, GDSI, GLNI, GNFI, GUAI, HCHi, HMSZ,
HET!, HSP6D, MAEL, MKC?, MTD), NOG2, PHOSS, PMTY,
RPEI, SERI. SER2, SHM2. SPL2 SURY. TOSII TOSS,
LRA4, VICI VIC4, YHBI, YHM2, ZEOI YILOS2IW,
YLLOIZW

Murata 6h, 12h, 24h, 48h
S ; i T
120 gencs diffcrentially Sahara 15min, 30min, 2h, 4h, 8h.
7| regulated B Schade 0, 10min, 30min, 2h, 4h, 8h

.\.l.
Schade

Figure 3

Sahara and Schade tested cold shock, dropping temperature to between 10
and 20 degrees Celsius
Murata tested cold shock at temperatures below 10 degrees Celsius, which

caused cell growth to cease.
Tai et al., 2007
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Overlapping Genes Showing the Same
Temperature Response
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Chemostat study compared
with Sahara et al. 2002,
Schade et al. 2004, and
Murata et al. 2006

29 genes total were in
common, only 11 showed
consistency

Tai et al., 2007



Outline

* The genes that are responsible for adaptation and acclimation are
expressed separately.



Few Genes Simultaneously Respond to
Temperature and Growth Rate

Batch studies Growth rate studies This study
48 genes commonly down- 297 genes commonly down- 644 genes down-
regulated in Murata, Schade regulated with decreasing regulated in response to
and Sahara growth rate in Regenberg low temperature

and Castrillo

<

9
o

<

Batch studies Growth rate studies

91 genes commonly up- 68 genes commonly up- This study
regulated in Murata, Schade regulated with decreasing 421 genes up-regulated
and Sahara growth rate in Regenberg in response to low
and Castrillo temperature
ADAPTATION ACCLIMATION
Figure 5

e Studies examined changes in gene regulation in response to a decrease
in growth rate compared to both the batch studies and study data for
overlap in gene regulation.

e A very small number of genes overlap in response to both temperature

decrease and growth rate decrease.
Tai et al., 2007
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One Third of Low Temperature Response Genes in
the Batch Studies are Attributed to ESR

: * ESR: environmental stress
response

-

— General mechanism
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stimuli
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