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Chitin and (3-1,3-glucan are known to play an impor-
tant role in determination of fungal cell wall rigidity in
Saccharomyces cerevisiae'. Three chitin synthases par-
ticipate in yeast chitin synthesis. ChS1p functions as a
reparation enzyme after cell division?, ChS2p is respon-
sible for the synthesis of primary septum®* and ChS3p
synthesizes chitin in the lateral wall and in the ring at
the base of future septum*. All of the enzymes are
supposed to be cell cycle regulated and expression of
CHS3 was described to be strongly reduced in mpkl
mutant’. The Mpklp MAP-kinase is a component of the
cell wall integrity and proliferation pathway, known as
PKC1-pathway as well. This pathway participates in the
regulation of cell cycle progress® 7 and in hypotonic
shock signalling®. Further, chitin synthesis was earlier
described to increase markedly in yeast cells exposed to
fluorescent brighteners Calcofluor white and Rylux
BSU? . Chitin synthase 3 gene should be the main
target of stimulation in vivo in both Calcofluor white!!
and Rylux BSU!® 2, Therefore, CHS3 expression is sup-
posed to be increased in case of plasma membrane
stretch. This stretch can be caused by hypotonic shock
or weakening of cell wall if harmed by fluorescent brigh-
teners. Kamada et al.® have found activation of Mpkl1p-
kinase in response not only to hypotonic shock, but in
response to mild heat shock (37 °C) and in response to
chlorpromazine, which inserts into the cytoplasmic leaf-
let of the plasma membrane lipid bilayer and thus in-
duces an inward membrane stretch. However, we have
not found any increase in cell wall chitin content in
yeast cells treated with chlorpromazine and have found
an decrease in cell wall chitin content in yeast cells
grown at 37 °C (unpublished results). On the other
hand, cell wall chitin content was increased in cells
grown in hypotonic environment. To clarify the role of
CHS3 expression in response to different environmen-
tal conditions, we decided to construct a RNA-probe,
which would allow us to monitor the expression of CHS3.

MATERIAL AND METHODS

Probe design. Sequences of CHS3 and ACT1 (as
control) were obtained from Saccharomyces Genome
Database maintained at Stanford University, School of
Medicine. These sequences were searched for recogni-
tion sites of restriction endonucleases using the freeware
Digest. Sequence segments circumscribed by recogni-
tion sites of enzymes suitable for cloning were selected
and primers were designed to amplify these regions of
interest. Freeware Primer 0.5 was used for primer de-
sign, annealing temperature was set to be 56 °C. CHS3
and ACT1 sequences with marked primer sequences
and restriction sites are summarised in Fig. 1 and Fig. 2.

DNA isolation. Saccharomyces cerevisiae strain CCY
22-23-1 was grown in YPD (yeast extract 1%[w/v], pep-
tone 1%][w/v], dextrose 2%[w/v]) in a shaking water
bath at 30 °C overnight. Yeast cells were harvested by
centrifugation and washed twice in 1 ml of dH,0. 200 pl
of breaking buffer (Triton X-100 2%[v/v], SDS 1%][v/v],
NaCl 100 mM, TrisCl 10mM, pH 8.0, EDTA 1mM), 200 pl of
acid washed glass beads (0.4 mm in diameter) and 200 pl
of phenol-chloroform-isoamylalcohol (25:24:1) were
added and vortexed at maximum speed for 3 min. Then,
200 pl of TE buffer (TrisCl 100 mM, pH 7.5, EDTA
1mM, pH 8.0) were added, mixed shortly by vortexing
and centrifuged at 12 000 g at laboratory temperature
for 5 min. Supernatant was transferred into a clean
tube, 4 pl of Proteinase K (10 mg/ml) were added,
mixed and incubated at 37 °C for 60 min. Then, 68 pl of
5 M NaCl and 54 pl of 10% [w/v] CTAB were added,
mixed and incubated at 65 °C for 15 min. After cooling
to laboratory temperature, 1 vol of chloroform-iso-
amylalcohol (24:1) were added, mixed thoroughly and
centrifuged at 12 000 g at laboratory temperature for 5
min. To remove proteins, supernatant was reextracted
1-2 X using phenol-chloroform-isoamylalcohol (25:24:1)
with a final extraction with chloroform-isoamylalcohol.
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0.6 vol of isopropanol was added to supernatant and
mixed carefully by inversion to precipitate nucleic acids.
These were centrifuged at 12 000 g at laboratory tem-
perature for 5 min and washed twice by 70% [v/v] etha-
nol. Pellet was resuspended in 400 pl of TE buffer. 3 pl
of RNAse A (20 mg/ml) were added and incubated at
37 °C for 60 min to remove RNA. 15 ul were loaded on
agarose and electrophoresed for control of complete
RNA removal. Then, 40 pl of 4 M ammonium acetate
and 1 ml of absolute ethanol were added and mixed by
inversion to precipitate the DNA. This was pelleted by
centrifugation at 12 000 g at laboratory temperature for
5 min, washed once with 70 % [v/v] ethanol and resus-
pended in 400 pl of TE buffer. A,  was 1.8 and higher.

PCR reaction. Forward primer CGC TGA AAT GGT
TAA AGA TC and reverse primer TTC TTC TTA TGC
AAA GTG TTG were used for amplification of a part of
the CHS3 gene. Forward primer ATG GTC AAG TCA
TCA CTA TTG G and reverse primer CAG ACG GAG
TACTTT CTT TCT G were used for amplification of a
part of the ACT1 gene. In both cases, PCR reaction was
assembled in 20 ml as follows: template DNA 70ng,
dNTPs 200 pM each, primers 4 uM each and Pfu-
polymerase 0.6 U. Amplification was performed in 13
cycles of denaturation at 94 °C, annealing temperature
decreasing by 1 °C in each cycle from 67 °C to 55 °C, and
extension at 72 °C, followed by 15 cycles of denaturation
at 94 °C, annealing at 54 °C and extension at 72 °C.

Restriction digestion and purification of fragments. PCR
products and plasmid pGEM-4Z were digested using
HindIII and Kpnl. Digestion reactions were performed
in 20 pl as follows: DNA 1 pg, HindIII 5 U, Kpnl 5 U
and 0,1 mg/ml BSA. The pGEM-4Z-plasmid was puri-
fied by phenol/chloroform extraction to remove the small
fragments resulting after HindIII/Kpnl digestion. ACT1
fragment was purified using electrophoresis in 2 % low-
melting point agarose, and isolated using Wizard PCR
Preps DNA purification System (Promega). CHS3 frag-
ment was purified using 4 % low-melting point agarose,
and isolated by phenol/chloroform extraction. Briefly,
the gel slice was melted at 67 °C for 10 minutes and TE
buffer was added to lower the agarose concentration to
less then 0.5 %. An equal volume of buffer-equlibrated
phenol was added, sample was vortexed for 15 seconds
and centrifuged at 12 000 g for 3 minutes. The aqueous
phase was reextracted with phenol followed by one ex-
traction with equal volume of phenol/chloroform (1:1)
and one extraction with equal volume of chloroform.
The aqueous phase was chilled on ice for 15 minutes
and centrifuged at 12 000 g and 4 °C for 15 minutes. The
supernatant was carefully transferred into a clean tube
and DNA was precipitated by adding ammonium ace-
tate to a final concentration of 0.3 M and 2.5 vol of
absolute ethanol. Sample was mixed by inversion and
centrifuged at 12 000 g for 5 minutes. The pellet was
washed twice with 70 % ethanol a resuspended in 50 pl
of sterile redistilled water.

Ligation. The linearized pGEM-4Z was processed
by CIAP (calf intestinal alkaline phosphatase) to pre-
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vent formation of plasmid/plasmid constructs during
ligation. 0.01 U of CIAP was used per 1 pmol of DNA
ends to dephosphorylate protruding 5’-termini in 100 pl
reaction at 37 °C for 30 minutes, then, further 0.01 U of
CIAP was added and incubated for 30 minutes again.
The DNA was purified by phenol/chloroform extrac-
tion. Ligation was performed in 10 ml reaction contain-
ing vector pGEM-4Z 150ng, inserted fragment 35 ng
(1:5 molar ratio of vector and insert DNA), DNA T4
ligase 1 U and incubated overnight at 4 °C.

Transformation of bacteria. Escherichia coli JM109
competent cells were prepared as follows. Cells were
grown in SOB medium (proteose peptone 2% [w/v],
yeast extract 0.5% [w/v], NaCl 10 mM, KCI 2.5 mM,
MgCl, 0.1 mM, MgSO, 0.1 mM) at 37 °C until 4-7x107
cells/ml concentration. Cells were then chilled on ice for
15 minutes and harvested by centrifugation at 4 °C.
Supernatant was removed carefully and cells were re-
suspended in RF1 solution (RbCl 100 mM, MnCl, 50 mM,
CH,COOK 30 mM, CaCl, 10 mM, glycerol 15 % [w/v],
pH 5.8) and incubated on ice for 15 minutes. The vol-
ume of RF1 used corresponded to 1/3 of the volume of
SOB used for cultivation. Cells were harvested by cen-
trifugation at 4 °C and resuspended in RF2 solution
(MOPS 10 mM, RbCl 10 mM, CaCl, 75 mM, glycerol
15% [w/v], pH 6.8) and incubated on ice for 15 min. The
volume of RF2 used corresponded to 1/12.5 of the vol-
ume of SOB used for cultivation. Competent cells were
aliquoted and stored frozen at —80 °C until used. For
transformation, 200 pl of competent cells were melted
at laboratory temperature, chilled on ice and 10 ml of
ligation mixture (150 ng plasmid DNA) were added and
mixed thoroughly. After 60 minutes of incubation on ice
cells were heat shocked by transferring the tube to 42 °C
for 90 seconds and chilled on ice again. 800 pl of SOC
medium (yeast extract 0.5% [w/v], tryptone 2% [w/V],
NaCl 10 mM, KCl 2.5mM, MgCl, 10 mM, MgSO, 10
mM, glucose 20 mM) were added and incubated at
moderate shaking at 37 °C for 60 minutes. Cells were
inoculated on LB plates containing 100 pg/ml of am-
picilin, 0.5 mM IPTG and 40 pg/ml X-gal for blue and
white color screening and grown overnight at 37 °C.
After 24 hours of cultivation white colonies were trans-
ferred to LB with ampicilin, grown to logaritmic phase,
plasmid DNA was isolated using DNA Lego kit (Top
Bio) and checked for successful insertion and transfor-
mation by HindIII/Kpnl digestion.

RESULTS

Results of amplification are summarised in Fig. 3.
The lengths of both PCR products correspond with the
length as expected in accordance with distance between
the annealing sites of primers in the sequences of CHS3
and ACT1. Results of HindIII/Kpnl restriction diges-
tion of PCR products are summarised in Fig. 4. Lengths
of fragments correspond with the expected lengths in
accordance with the position of recognition sequences
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of HindIII and Kpnl as found in the sequences of CHS3
and ACT1. Results of restriction digestion of plasmids
carrying inserts are summarised in Fig. 5. HindIII/Kpnl
restriction digestion results in two fragments of expected
lengths corresponding with the size of linear pPGEM-4Z
and CHS3 or ACT1 insert, respectively. To conclude,
constructs have been prepared which will allow us to
prepare RNA probes using SP6/T7 run-off transcrip-
tion. These probes will be used for detection of CHS3
and ACT1 mRNA and thus for monitoring of CHS3
expression in Saccharomyces cerevisiae.
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Dpnl
I
Bst Yl |
||
Bael Meel |
Msel | Ndel Al'w | Mol |
| I CHS3BF- || | |
TTTCCCGATGCTTTAACTCATATGGT CCCTGAAATGGT TAAAGATCCTTTGATTATGGGT
2521 + + + + + + 2580

AAAGCCCTACGAAAT TGAGTATACCAGCGACT TTACCAATTTCTAGGAAACTAATACCCA

Dpnl
Bsal Hphl Tsp509I
BsmAl Mool | Mol Maelll CviRI|

I || I I [
CTTTGTGGTGAGACCAAGAT CGCTAATAAGGCACAATCTTGEGTAACTGCAATTCAAGTG

2581 + + + + + + 2640
GAAACACCACTCTGGT TCTAGCGATTATTCCGT GT TAGAACCCATTGACGT TAAGT TCAC

Al ul
Rsal CviJl Hi nfl
Scal Hndl Il | Tfil
Csp6l | QviJl | | Bbsl]|
Tat!] | SfaNl| | | Moll] Mael | |

|11 1 [ I
TTTGAGTACTATATTTCGCATCATCAGGCTAAAGCT TTTGAATCTGTCTTCGGT TCGGTA

2641 + + + + + + 2700
AAACTCATGATATAAAGCGTAGTAGT CCGATTTCGAAAACT TAGACAGAAGCCAAGCCAT

Nci |
I
Scr Fl

Hpal

BssK

|
I | I
I | I
I | I
ACTTGTTTGOCGGGATGT TTCTCAATGTATCGTATAAAATCTCCTAAAGGT TCAGATGGT
2701 + + + + + +2760
TGAACAAACGGCCCTACAAAGAGT TACATAGCATATTTTAGAGGAT TTCCAAGTCTACCA

I
I
H
'
|| BstF5I  Fokl
I
I
I

Kpnl
N alV |
Rsal |
Csp6l| |
Acc65l || |
Banl || | Mael I |
[ I
TATTGGGTACCTGTATTGGCAAATCCAGATATTGT TGAAAGATATTCGGATAATGT TACA
2761 + + + + + + 2820
ATAACCCATGGACATAACCGT TTAGGTCTATAACAACT TTCTATAAGCCTATTACAATGT

Mool |
BsaBl |
Hphl || Asel
Qvi Rl Mool | Mool I | || Msel
I I [ 1] I
AACACTTTGCATAAGAAGAACT TATTATTACTTGGTGAAGATAGATTTTTATCTTCATTA
2821 + + + + + + 2880
TTGIGAAACGTATTCTTCTTGAATAATAATGAACCACT TCTATCTAAAAATAGAAGT AAT
~CHS3BR

Fig. 1. Part of CHS3 gene with restriction sites and marked primer sequences.
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Banl |

I
Hi nfl Bspl286l

I I
Mael | | Tl ovidl |
I I I
I I I
ACT1F - | | |
I I I
AATCCTACGAACT TCCAGATGGT CAAGT CATCACTATTGGT AACGAAAGAT TCAGAGCCC
1021 + + + + + + 1080
TTAGGATGCTTGAAGGT CTACCAGT TCAGT AGTGATAACCATTGCTTTCTAAGTCTCGGG

Al ul

Cvi Jl

Hondl Il |
Mnol | | H nfl Hpall
Fokl || | BstF5l Tfil BsrFl|

L1l I I |l
CAGAAGCTTTGTTCCATCCTTCTGT TTTGGGT TTGGAATCTGCOGGTATTGACCAAACTA

1081 + + + + + + 1140
GTCTTCGAAACAAGGT AGGAAGACAAAACCCAAACCTTAGACGCCCATAACTGGT TTGAT

N alll Bst 4Cl
BspHI | Taql Tsp509l1 Mael | 1 MBI |
| I I I I
CTTACAACTCCATCATGAAGT GTGATGT CGATGT CCGTAAGGAATTATACGGTAACATCG
1141 + + + + + + 1200
GAATGT TGAGGTAGTACT TCACACTACAGCTACAGGCATTCCTTAATATGCCATTGTAGC

Kpnl

N alV | Bst NI

Rsal | Scr Fl

Csp6l| | BsaJl |
Acc65l || | BssKl | Hphl
Hpal | [ Pspd | Bsm |
BsaW| Banl|| | Nalll | | ViRl ||

I

|l [1] 1] | | | 1]
TTATGTCCGGTGGTACCACCATGT TCOCAGGTATTGOCGAAAGAAT GCAAAAGGAAATCA

1201 + + + + + + 1260
AATACAGGECCACCATGGTGGTACAAGGGTCCATAACGCCTTTCTTACGTI TTTCCTTTAGT

Bsr DI Rsal

Dpnl | Scal

N al V BseRl || Csp6l |

Cvi Jl | Mool | | Tatl| |

Acil Mool || Nalll Bpm | || il |

I [ 11 I [ 11 [ 1]
CCCCTTTGGCTCCATCTTCCATGAAGGTCAAGATCATTGCTCCTCCAGAAAGAAAGTACT

1261 + + + + + + 1320
GGCGAAACCGAGGTAGAAGGTACTTCCAGT TCTAGTAACGAGGAGGTCTTTCTTTCATGA
~ACT1R

Dpnl

Bst Yl |

Cvi Jl Mool |

I | |
CCGTCTGGATTGGTGGT TCTATCTTGECTTCTTTGACTACCT TCCAACAAATGTGGATCT
1321 + + + + + + 1380

GGCAGACCTAACCACCAAGATAGAACCGAAGAAACTGATGGAAGGTTGTTTACACCTAGA

Fig. 2. Part of ACT1 gene with restriction sites and marked primer sequences.
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CHS3 ACT1
1 2 3 1 2 3
bp bp
447 ——
155 ——
447
239
line number: line number:
1. DNA marker 970-155 1. DNA marker 970-155
2. amplification of CHS3 (294) 2. negative control
3. amplification of CHS3 (294) 3. amplification of ACT1 (289)
Fig. 3. Amplification of CHS3 gene and ACT1 gene.
CHS3 ACT1
1 2 3 1 2
bp bp
155 ——
— 94
155

line number:

1. DNA marker 970-155

2. PCR product after restriction digestion
with Kpnl (225 bp)

3. PCR product after restriction digestion
with Kpnl and HindIII (94 bp)

— 128

line number:

1. DNA marker 970-155

2. PCR product after restriction digestion
with Kpnl and HindIII (128 bp)

Fig. 4. Restriction digestion of PCR products with HindIII/Kpnl.
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vector pPGEM-4Z + insert CHS3 vector pPGEM-4Z + insert ACT1
1 2 1 2 3 4
bp bp
— pGEM-4Z
— pGEM-4Z
447__
155__ __ insert CHS3
447 __
155 —_ insert ACT1
line number: line number:
1. DNA marker 970-155 1. DNA marker 970-155

2. vector containing cloned insert ACT1
3. vector containing cloned insert ACT1
4. vector containing cloned insert ACT1

2. vector containing cloned insert CHS3

Fig. 5. Restriction digestion of plasmids carrying inserts.



