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Localization and Characteffzation of the“Regulatory
Regions Involved In TMP1 Expression .

N -

Lydia Lee

’ \
The yeast IM__ gene encodes the enzyme thymldylate
synthase which catalyzes the synthe51s of the DNA precursor
dthymldylate monophosphate (dTMP)., " In this study, the
regulatory regions invoived. in zﬁg; expression were
characterized and localized by wusing hybrid gene fusions
that conta'i'n the lacZ structural gene fused in frame to

varying portions of the TMP1 geéne. Three sets of gene

fusions were analyzed. One set contained increasing amounts

of the upstream region of the TMPl,gene, while the second
set consisted of increasihg amounts of the N-terminal coding
information. The last set con51sted of hybrid promoter

©

§951ons constructed fromﬂthe iso- l1-cytochrome c gene, cyel,
and TMP1. Analys1s of ﬁ—galact051dase activity produced by
‘these gene fusions revealed the following: (i) At least two
gig-acting sequences required for 'gene expression are found
within 270 bp region upstream of the TMP1 open"reading
frame. (ii) Toe IMP1 gene appears to have a weak promoter.
(iii) A region within the iug; coding region is important
for normal levels of gene expression. (iv) Tﬁere appear to
4 . 2

" be two thymidylate synthase inactivation mechanisms that are

. batch culture stage specif}c.

(3
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UCTION - £

Ve:y little is known about how the cell cyclé is
regulated. One ﬁ%ssible approach toWﬁrds understanding the
\~;egulatory mechanisms contrélling céli cycle, div?sion is to
identify those proteins that -are cell-cycle-dependent 'ér
periodically expressed. That® is, the llevels of these
proteins accumulate during ceftaip, but not other, staééféy
of the Ccell cycle,’ our lab has 'previously"ghown that

°

thymidy}ate{synthase is one of these periodically'expreséed
B . LN ° .
proteins. It was,” therefore, the objective of my thesis

«

research to study .the regulation of the yeast/gene encoding *

thymidylate synthase (TMPl). - 5 3

The introduction of this thesis discusses the fqllowing

three areas that are directly related to my ,the.sis: (1)

Tﬁ;;zhylate”metabolism. (ii) Y&ast promoter elements. Jiii)i

¢ -

Experimental appfoaches7used"Fsbidentify Qfomotei €lements.

< - 2 . -

I. Thymidylate Metabolism

A model syStem to study the periodic regulation of gene
expression.and the regulator§ mechanisms controlling celrf§

cycle division is the yeast, Saccharomyces cerqyisige. In
“ .

S. cerevisiae, the TMP1 gene encodes thymidylate synthase

(Taylor et al,. 1982), an enzyme that is essential for the
kY

synthesis of the DNA précursor thymidylate (dTMP), " by-

catalyzing the reductive methylation /ZQ\ deoxyuridylate

(AUMP) . This reaction“providesrs. cerevisiae with ité'only

-

source of thymidylate since wild, type yeast is impermFéblé

to ATMP (Bisson and Thofner, 198é), and cannot use ph&hiﬁe\

v

. : . \

-
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or thyﬁlid_inne since it lacks a kinase for . phosphorylating
thymidine (Grivell "%and Jackson, 1968). Further, the
perturbatien of intracellular pools of ATMP has been shown
to cause thymidylafeless death (TLD), thymidylate excess

death (TED), recomblnogene51s and mutagene51s (for a review,
-

' see Barclay et al, 1982). One reason why. yeast might be

very sensitive to treatments which elevate- intracellular

-

thyﬁi@ylate pools is ‘that yeast apparentiy does not have the

phosphérylases necéssary for the cataboliém of thymine
'nﬁcIeotides (Hammer-&aspersen, 1983). Taking the above into
coﬁsiderdtion it'is¢prgbably critical that yeast c;;éfully
regulate the production of thymidyla%e. |

) ' szgénﬁ eyidence sugéests that the,intracelluiar levels
of tﬂymidylaﬁe are contralled mainly by precisely Eegulating
the levels of thymidylate synghase. - This regulation
includes the.fact that the level of thymidylate synthase is

‘ pé?iodically’regulatedtduring the cell cycle. Also, the low
1evél of thymidylate synthase activity detected is near rate

limiting for DNA synthesis. -Hence, it has been speculated

that the synthesis of thymidyfate synthase plays an

~
-

importént rgle in regplating thymidylate metabolism.
Previous work has shown‘;hat TMP1 expressioh is periodic
~during the mltotlc cell cycle (Storms et al, 1984) Both
TMPl mRNA and thymidylate synthase levels:increase “during
‘theulate(f? stage just prior to S phase, peak durlng the S
: jphase,ﬁaﬁd then decline before the next cell division cycle

&xxﬁﬁgh\\ Further -work indicated that cell cycle dependent

¢
4 , 1
N
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regulation‘ of thymidylate sj(nthése levels occurs by’ both

tr'ans'cript"onal (MacIntosh, pers. comm.) and post-’

,translational (Greenwood et al, 1986) mechanisms.

JI. Yeast Promoter Elements

The pri—mary level of regulation .for protein-encoding
genes occurs mainly by céntrolling the frequencﬁr of
traniiztion\ initiation for mRNA synthesis: (Serfling et al,
1985; 'r:'ente, 1'984). .In 8. cerevisiae, the mechanism of

transcription initiation is not well understogd.

Elucidation of this process had been hindered by the lack of

-an in wvitro transcription system. To circumvent this

problem, three ,approaches were used: (i) defining the cis-

T

_acti'ng target sites or p}m‘moter hregion of the gene in

interest, (ii) identifying and ¢purifying the t;rans-acting

factors which recognize these target sites, and (iii)

analysis Of the conformational changes that the -chromatin

«structuqe‘undex.;oes to become transcriptionally competent. ¢

?

These studies indicat/:ed that yeast promoters are

general_lyl complex and composed of multiple elements. These

wd

‘elements include wupstream activating sequences (U)‘S),

‘upstfeam repressor sites® (URS) or operator sites, 'TATA
v ¢

4

boxes, and initiator (I) elements. These cis-acting
elenments speéify the levels of expression, the sites for
initiation of trariscription, the induction of transcription,

and the repression of transcription.

r

¢
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Positive control ’

fhe UAS elements are small regions, betwéen 15 and 40
base pairs (bps)-in';ength, laéated in the range zf 80 to
1400 bps-upstream of the mRNA ﬁranscfiptiyn start sites.
These eléﬁents have been found to 'Je - critical for
transcription, and for regulating transcription. Also, UAS
element; can confér- transcriptional regulation . on other®
éenes (Struhl, 1986a). Essentially, UAS elements appear to
be the cis-acting sites involved in positive control of gene

A\

regulation.

UAS—elémenté appear to be protein binding sites which
are recognized, by specific DNA binding proteins. These
proteins are L;ggg—écting factors involved in activating
gene expressionl Presently, it is. believed that thgse
proteiﬁé are specific traﬁséription factors that recognize.
the DNA target sites and promot;“transcription.

The yeast transcriptional acfivators; GCN4 which is.
reqdired:for the coordinate derepression of a set of apino
acid bios§nthetic genes dd}ing amino acid starvation, and
GAL4 which is’ required for the ipductign‘of the galac?dse
utilization éenes‘ (GAL1,10,7) have ~been r shown "to bind
directly to specifie DNA ‘sequences within their cognate UAS
regiggs (Btam and Kornberd, 1985; Giniger et al, 1985; Hope
éﬂﬁf.struhl, 1986) . Also, ;thé DNA binding and
transcriptional activation properties of these two

activators are separable as functional domains of the

- protéin molecule (Hope and ‘Struhl, 1987; Xeegan et al,
: . \

A N y »
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1986). Comparison of' the amino acid sequences in the

transcriptional activation domains reveals no s}{imilarit{y
except these domains ., are highly acidic. Because RNA
polymerase II does not bind DNA in vitro, these domains, have
been | proposed to interact with the pB-subunit of RNA
polymerase II thereby positioning it for transcription.
Similarly, it is also possible that intermediate p;:'oteins
interact with both RNA polymerase II and the UAS binding

protein.

A comparison of the DNA sequences encod}ng UAS activity

revgals ‘no similarify unless the genes are co-regulated.
Generally, in the upstream regions of co-regulated genes, a
con;en'sus sequence is found whicb is the target site for
sequence-specific DNA binding proteins. For instance, GCN4
protéin binds the sequence 5'-TGACTC-3'. This sequence is
found in the upstream region of amino acid bio‘synthetic

.

genes which are under the general control of nitrogen

- metabolism, while the GAL4 protein interacts with several 17,

bp consensus sequences which are found ‘ in the upstréam
sequences adjacent the GAL1,10,7 genes.

" However, similarit;’\between UAS sequences may not be
enough “for specifying binding by the DNA "séquehce specific
°bi£\ding proteins. MATal, an dctivator of a-specif:lc genes:
" (a=-sgs) , acts synerg'istically with another -trans-acting
fa'cto;fc, PiiTF (P box recognition transcriptic;n factor.which
is also kpown as pheromoge/recepﬁor transcription factor).

' Apparer}tly,' PRTF may be the actual transcription anctivat_or

©
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. for cell type specific genes since this factor ié found in
all cell types a, a, and a/a. The P‘box which is the
binding siFe for PRTF is a perfect 16 bp palindromic
sequence upstream of a-specific' genes (a-sgs) but is an.
imperfect paliﬁdrome in a-sgs. COnséquently,,it has been
proposed that the MATal- protein is required as an aid for
PRTF to recognize the diverge;t P box for a-sg expression
since no known additional factor is_required for a-sgs
expression (Bender and Sprague, 1987; J;rvis et al, 1988).
In striking contrast to tﬁe UAS binding proteins
described above, the HAP1 transcriptional activator
apparently caé'bind to two different DNA sequences found in

the upstream regions of the iso-cytochrome c genes, CYCl and

CYC7 (Pfeifer et al, 1987). However, the 'nature of the

protein-DNA recognition between HAP1 'and these upstream
sequences is unknown.

The. yeast UAS is analogous to thé mammalian enhancer in
that it can function bidirectionally, and can operate at a
variety of distances when placed upstream of the
transcription initiation sites'bf a gene (Serfling et
1585). In contrast to mammalian enhancer sequénce, the
‘yeast - UAS elements dd not function downstream of
transcription initiation (Guarente and Hoar, 1984).
Nonetheless, recent results 'suggest that the basic mechanism
of transcriptional\activaéio is the same in all eukaryotes
(quarente, 1988). For Iexample, the transcriptional

activation domain of the yeast GAL4 protein can promote gene



“expression in both the chinese hamster ovary and Hela cell

-

lines (Kakidani and Etashne; 1988; Webster et al, 1988).

Activation of tranécriﬁtion by the intact GAL4 protein was

dependent on the presence of the GAL4 UAS, or else required
the construction of a hybrid protein consisting of fhe GAL4
DNA binding dom&in and the transcriptional activation domain
of the estrogen receptor. Conversely, “ﬁybrid protein

fusions containing the mammalian fos protein fused to lexA

protein activate gene expression in yeast if the lexA

binding sequence is appropriately positioned upstream of the’

transcription start signals (Lech et al, 1988).

These studies indicate that UAS elements are the DNA
target sites'for po;itive control of gene \expression. Tﬁe
site-specific DNA binding proteins éonfér promoter
specificity and appear to be the factors that respond to
physiological conditions to effect gene expression.

Models for transcriptional activation

Four models for the mechanism by which pranscriptional
activation complexes functiop have been proposed; looping,
'slid{ng, oozing, and twisting (Ptashne, 1986). 1In general,
~thgse, models are centralized around the theme that

transcription initiation tommences by the specific

interaction 'of DNA binding proteins to the UAS region of the

promoter. These models attempt to explain how regulatory

' proteins at the UAS activate tfhnscription.
-In the DNA looping model, the intervening DNA between

the UAS and the transcription initiation region is 1looped

—de



out by the interaction of the DNA binding proteins bound at
their cognate DNA sites which c;n be situated far apart in

. the promoter ‘region. This pre-initiation complex then

| interacts with other trans-acting factors (é.g. RNA
polymerase II, initiation factors) in a protein-protein
interaction to form théﬁ transcription initiation comp’lex.
‘;rhich initiates mRNA synthesis. In the sliding model, the
l_)bfA transcription factors 'initially interact at the UAsS, and //
then traverses from the UAS to another site where another
factor, possibly RNA polymerase II, becomes associated for /
transcriptional activation. Oozing" involves a cascadin?/
succession 'on protein interactions that are initiated by/a
specific protein binding at the UAS and t‘:henl additional
proteins bind , in an hlierarchical fashion as the complex
'movev's. towards ' the site for transcription inijtiation.
Lastly, twisting suggests that regulatory projt\ein 4 recognize
altered forms of DNA, such as left-handed or single straﬁded
DNA. For this last model, enzymatic modi'f,i/cation of the
;:hx"omatin by the regulatory proteins/ has also been ,
postulated. Although siiding, oozing, /a{x‘d twisting models‘
" have not been compl‘etely discounted, there is a growing body
of evidence that suggests that t/rél/nscription initiation
generally occurs by DNA looping (Ptéshne, 1985).

’ 1

Negative control

{ : .
A few examples of negative regulation are known in
s/

-

yeast. - The best characte/rized example 1is a2 dependent

repression of a-sgs. ,Other less characterized examples



.
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include the cell cycle depéndent genes HO and H2B-H2A, the
silent mating typeé loci HMLa and HMRa, and‘the catabolite
repressible genes GAL1,10,7. These studies indicated that
+he negative cis-acting eleménts can be found upstrean,
downstream, or overlapping a gene's UAS element. These
negative cis-acting elements are putative sites fotr DNA
binding proteins. This has been shown to be the case for
one regqulatory protein? the MATa2 rgpressér (Johnson and
Herskovitz, 1985). Although negative regulation is not well
characterized in yeast, these stuéies suggest/there may be
different mechanisms of repression.

Most studies, at present, have identified the DNA '
segment within which the negative sitg resides in the
promoter region. A few studies have -also identified the
negative faétor(s) by genetic or biochemical analysis.
These studies indicate that the negative control sites can
reside elsewhere far from the UAS and still confer its
repressiﬁg ‘effect (Johnson and Hefskowitz, 1985; .Struhl,
1985; Brand et al, 1985). This suggests that the
prokaryotic form of repression, which involves steric
hindranée or competition, is -not the ‘only repression
mechanism acting in yeast. At present, repression of the a-
specific gene BAR1l by the a2 protein is the only example of
direct steric hindrance (Kronstad et al, 1987). Both the
negative site (a2-.operator) and UAS overlap, indicafing that.
the a2 repxessor prevents transéription _initiation’ by

occluding the binding by some positive transcription factor




'Ypossibly the PRTF factor mentioned, see above).

"In contrast, the a2 operator in.the STE6 gene is located

\ oft 2 7
between the UAS and TATA elements. Fromn ‘hy¥¥id promoter

constructions of the a2 operatof and the CYC1l promoter,

»

Johnson and Herskowitz (1985) showed that when the a2

.

operator is located upstream of the CYC1 upstream ‘activating

' sequences (UASe) cY¥Cl-lacZ expression was repressed,

although repression was 10~fold more effecti&e wheﬁ operator
was located between the UASc and TATA site. This négative
element has characteristics similar to UASs in that it can
function bidirectionally, and cdn exert its effect when
placed upstream of the UAS. This result indicates that
negati&e regulation in yeast is not necessarily mediated.by

a steric hindrance. Consequently, Struhl (1986a) has

" proposed that positive and negative control in yeast may

oécur by similar mechanisms which have opposite effects on
éxpression. However, the nature of this rep>ession is not
well understood. |

Another péssible form of negative regqulation is the
blockage effect, whereby the repfessér bindg at a site
between the UAS and RNA start site and .occludes the
transcription apparatus from traversing to the site of
transcription initiation. This has been shown artificially
by Brent and Ptashne (1984) using the bacterial repressor,

the lexA protein and its DNA binding site, the lexA

operator, as a model system to elucidate the brocess of

repression. This study showed that the location of the lexA

E
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operator between the GALl1 upstream activating seguence
(CASg) and TATA sites did not by itself obstruct GALl

transcription but repressed expression if the lexA operator

' /
was bound by the lexA protein. However, repression did not
occur when the lexA operator was placed upstream of the UASg
irrespective of the presence or the absence of the lexA

repressor. This suggests that initiation of GALl

v

transcriptien occurs by a slicl%ing mechanism (Brent, 1985);

however, this is an artificial system that uses a bacterial

' repressor that may differ from the eukaryotic mechanisms of

repression.
A novel mechanism of repression is observed for the

v

silent mating type loci HMLa and HMRa (or _HM 1loci).

¢

Repression of these loci appears to require progression
'
through D{‘!A synthes‘is'or S phase of the cell cycle (Miller,
1984). The cis-acting negative HMLE and HMRE (E sites),
lo;:ated 1 kb from their respective HM loci, and the action

of - four ttrans-acting SIR gene products are essential for

negative regulation. The E site behaves as a negative
enh:;mcer, in that it funetions bidirectic;nally, is position=
independent, and represses .heterologo'us genes at distances
;\s great as 2.5 kb (Brand et al, 1985). Because this region
has a functional at;tonomously replicating sequence (ARS), it

has been speculated that DNA replication is essential for

~transc£'iptional' repression of the HM loci (Brand et a}l,

1987). This kind of enhancer-like regulation may _have

evolved to inactivate. genes that have all the °promoter

-

11
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information necessary for transcriptional competence.

Neither HO nor the galactose catabolism genes GAL1,7 and

»

12

v

/

10 appear to contain distinct negative control sites .

(Nasmyth, 1985; Guarente, 1984). Their negative regulatio/nl;
appears to be mediated by the direct antagonism of t/:ﬁe
positive transcrip{:ion factor by the repressor. Exprelsstion
analysis of the HO gene has indicated that its nggative
regulation is mediated by the qirect antagonism of the
positive tra'r;s-acti‘ng SWI factors by the negati/ve SIN

factors (éterr!berg et al, 1987). Similarly, in vivd and in

vitro studies of the negative regulator for the galactose

mepdbolism genes (the GAL80 protein), indicates that its

.

site of action appears to be the transcriptional activation
s . i

domain of the GAL4 protein (Lue et al, 1987; Selleck and

Majors, 1987). In the absence of the GAl4 prodLﬁict‘,, «GAL8O

-.cannot be detected: at the promoter region of the GAL1l and

GALl10 genes. This strongly suggests that the negative
effect is mediated by a protein-protein interaction.

The 'TATA element ¢

:

In 'yeast, the TATA- (canonical sequence TATAAA) e%e\ment
does. not appear:to be a critical promoter element as it is
in higher o‘rganisgﬁs and in E. coli. 1In higher organisms,
the TATA element is invariably located at 25 to 30 bp from
transcription-start site, and is required for s‘pecifying the

correct RNA start sites. TATA sequences in yeast promoter

- regions can be located at variable distances in the range

between 40 to 120 bp upstream from the mRNA initiation start
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sites. In addition, there is not an absolute requirement

for TATA elements since the highly expressed PGK

-
-

(phosphoglycerate kinase) +gene does not contain a TATA
promoter element ‘'(Ogden et .al, 1986). .

- At least two distinct classes of TATA elements have been

P rd

“‘ﬁgrjgtified within the HIS3 promoter by Struhl (1986b). One

PR SR
L2
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é emen€ is used for basal and the other is used for induced

expression. This study suggested that the TATAAA sequence
may be an integral component of a regulated promoter while
the diveréent versions correspond to constitutive
exp;ession. However, the inverse relationship seems to
occur iﬁ—hiéﬂer organisms. The human hsp70 ;QTAA element is
régponsive to E1A inducibility and can be réplaced by TATAA
sequences supplied by other genes but will not respond if
substituted by a divergent version such as the SV40 TATTTAT

sequence (Celeste Simon t - al, 1988). Also, recent

-

experimeats\ suggest that this site interacts with a DNA
binding protein, the TATA binding factor.

Together, these findings suggest the TATA elemént“may be

4 -

the &arget site for factors which determine promoter

strength. These factors may beldifferent cigéggﬁ of general

transcription factors (analogous to the different sigma

factors in E. coli) which‘goverp the rates of RNA synthesis,

* Initiator elements

Lastly, the initiator elements are found near - the
transcript start sites. Although this element does not

affect théi rate of RNA synthesis, it is the primary

’

13

¢




o ,
determinant. of the mRNA start. sites. Because this element

is very clése to the transcript start sites, it.may be the
target site where RNA polymerase JII bindé. However, there
is no biochemical evidence to sdpp;rt this hypothesis. The
prevailing view is that RNA polymerase II does not interact
directly with DNA' during transcription initiatign but must
be complexed with a trans-acting factor that does (Burton et
al, 1986). | |

Overall, transcription initiation in yeast appears to be

a complex interaction of:trans-acting factors which interact

with DNA at multiple target sites to regulate gene

A"
expression. UAS elements are the cis-acting sites for
positive regulation of gene expréssion. - They are the

recognition sites for binding by specific DNA binding
proteins. Both the UASs and URSs appear to be the major
determinants for regulating' gene expression. .The other
promoter e}ementsh thé TATA box and the I element, are also

potential sites fbg regulating gene expression but appear to

.

be target sites for general transcription factors involved

in tranécriptional activation. The development of the ig

vitro'yeast transcription system would help to elucidate the
» ' 5 ' .

components involved in the initiation of transcription ' for

mRNA synthesis (Lue and Kornberg,: 1987). -

L —
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expressioﬁ can be measured 1nd1rect1y by follow:mq the"

expre551on leve\is of another gene product

o

this sort (Casadaban, 1983). These gene fusions used the E.

coli lacZ gene which lacks its promoter, r’ib‘osome—h'oindﬁ\g,

)

site, and ATG initiation cod\on.;8 N Provisiorn of  these

tr'anscripti‘onal and translational con'trol signals * by
sequences from another’ gene results in the synthesis of B-—'
galactos1dase which can be easily assayed colorlmetrlcally.
Slnce the expression’ of B-—galactos:.dase from these hybrld
genes is depehdent on the regulatory signals of the other
gene, deletion analysis of the DNA sequences can be used to
identifir the cis-acting regulater.y sites.

Thig apf;r‘oach has been used to determine the regulatioﬁ

of genes,involved in biological processes such as response

-~

to amino acid starvation, determining mating or cell type

Many researches have ysed the lacZ gene for studies of

¢

control, response to changing carbon sources, and cell

3

3

11T, ' o
. elements ‘ [ L_“
Localizn:.n the cis-Acting Sequences . )

“The _cLs_—actinghsites were general?.; identified by
deleting progressively the genetic information' in the 5!
intergenic reg"ion~ and assessing the effect of tixese .
deletions on ‘gerie expression. 'lThe effect of the deletion‘
can be quantltated dlrgctly by measurlng RNA levels, or
'1nd1rect1y }oy measuring the péroteln 1eve1s with an .
enzy_mel'egical as;ay. Alternetively, the .effect on gene
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‘ In this thesis, a study of the yeast Eﬂg;_regulatdfy
regions was determined by  using _hjbrid géne .'fusigons that
containtd varying portions of the TMP1 gene spliced to thé

¢ . géding region of the ‘'lacZ qene."Different portions of the

— TMP1 5' interdenic :and N-terminal coding regions were used

to express 'lacz. This approach enabled me to delimit the

uregulatory regibns involved in éontrolling IMP1 expression.
In thi; thesis the follbWihg questions wege addressed.
r 1, L; all the information for normal levels of TMP1 géne
expression contained within the 376 bp Oaﬂ upstream
information flankinglthe/open reading frame? Tﬁ.apswer
. this question; more information was retrieved ffom yéast
DNA, and subcloﬁ;d into two types of gﬂg;'-'iggg. gene
\@ . fusions.- One type contained 15land the othef 112 codons
of thymidylate synthase N-terminal coding information.
The\exp;eégibn of the parental and the derived plasmids
‘were éoﬁpqred by determining the ievels of fusion pr&tein

o - ' yexpressed. _ |

2. Ca;”the gig}ééting sequences defined above confer their

| regulatory’ properties to another gene, a glg;'-;;ggz

‘éusioh gene?' Hybnid’ pfomoter plasmid§: lacking

( functional UAS activity and ones containing the putative

.Eﬁgl UAS were constructed. The lévels of ﬁ-galactosidase

ékpression were compared with theﬂparental cYcl'-'lac? .

gene' fusion as well as two other TMP1'-'lacZ gene

k]

: S
'
. ‘
- . .
’ ¢
° . .
. .
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fusions.

Does the level of B-galactosidase expressed from. the
TMP1'~-'lacZ gene. fusions reflect the 1levels " of

thymidylate synthase expressed from the IMPl gene?
Comparative analysis was standardized by calculating the
number of peptide monomers produced by the gene fusiong

and the TMP1 gene.

17

B-galactosidase 1levels from the hybrid gene fusions,.

containing varying portions of the 5' intergenic region
and from the hybrid promoter gene fusions ;uggested thét
the TMP1 gene has a very weak promoter because these gene
fusions did not express lacZ at levels near the level at

which the TMP1 gene is expressed. To determine whether

infermation in the TMP1 coding region specified enhanced

levels of expression, I also analyzed the expression-from
the hybrid gene fusions carrying varying portions of the
- . \

Wlthln the TMP1: open readlng frame, a regulatory region

TMP1 coding region.

has been identified that responds to post-translational

" inactivation durlng the later stages of batch growth. Tb

4
confirm that this post—translatzonal regulatory
< 3

mechanism is a generai feature of its reguiation; the
levels of fB-galactosidase - were determined from the

transformants at low density batch culturesi, That is,. 1
) -

wanted to test whether this post-translational mechanism

: B [

was operational throughout all stages of batch culture

growth.

~



MATERIALS AND METHODS

Plasmid constructions

»

New plasnmids werel constructed by digesting parent
plasmids with the appropriate restriction endonucleases,
mixing in the molecular éroportions'of 2 insert to"}‘ﬁector
pggsmid, reannealling, and 'iigating with T4 _~ . ligasé
(Boehringer). See table 1 for a ’iist yof . the ﬁlasmids .
constructed and donated for ﬁseiin this study.

Strains |

The E. gg;i'strains JF1754 and JM83 (see table 2) were
used ' as host 'strains for selecting newvly cgnstruétea
" plasmids or for propagating plasmids. JF1754 was used d&s

host étrain for plasmids that contained the yeast LEU2 gene

because LEU2 complements the defective leuB gene. JM83 was

useé for the recombinant plasmids derived from the pUCl8 or
pUCiS plasmid. S. cerev}siag strain AH22 was' used as the
host strain for Vautonomously replicating plasm;ds and
intégrating plasmids.% Transformants containing integrating
plasmidglarexlisted in table 2. Yeast stra%ns containing:

autonomously»\replicating plasmids have not been listed.

These transformants will be designated in the text by a T

followed by plasmid name. !

‘

Crowth media

E. coli strains Were grown -in either minimal M91(50 mM
Na,HPO4,'22 mM KH,PO4, 19 mM NH4Cl, 17 mM NaCl, 1 mM MgSOg,
0.1 mM CaCl,, 0.2% glucose, 20 pg/ml-thiamine-HCl, and- 50

kg/ml of the required amino écidsi, or rich LB (1% N-2 aﬁihe

/
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Plasmia  Description - -  Source
pucis . ampR ori; lacz (2.686 kb) 3. Messing
" pYF91’ | ampR ori; 2um LEU2 (13.4 kb) K. K. Storms
pTL1 ampR ori; 2um LEU2 TMP1 (23.4 G. R.. 'rayluor
. | ‘ B Kb)- . .
. ;3TL221 ampR ori; TMP1 (7.3 kb) - G. R Taylor
' PRS464: .- ampR QL;L:'IL&_P_;L'LJMTZ}_ (8.45 kb) P. P. Poon
) . pgs§79 . ampR ori; TMP1 URA3. (9.2 kb) 'this‘étudy
L PRS820 ampR ‘ori; TMP1 (3.6 kb) | this stud; -
“ " pRS829 ampR ori; TMP1 (5.6Akﬁ) " this study
“pRszo43 ampﬁ ori: TMP1 iz.agl.xb)‘ ' C. grideau
Autonomous réplicating gene fusion plagmids
PYT760-ryp3 ampR ori; 2um LEU2 [xgg-iggz: . D. Thomas
. e (15.64 kb) . ' S
pLG61;9-Z " ampR ori; Zuﬁ URA3 CYCl-lacZ L. G. Guarente
' (11.8°xp) . T ’ C
pﬁ5845 " ampR 9_;:_1.: 2um LBQZ. mi-lggz' ‘ R. X. Storms’
: (18.8 kb)' ”
S ;R$53£  ampR ori: 2um LEU2 TMP1-lacZ R W, ord
(17.45 kb) . )
. , PRS954 .ax;\pR ori: 2um LEU2 mim " Y..Ho ‘
. (17.5 kb) __— T
PRS872 ampR ori 2um LEU2 TMP1-lack Y. Ho.
(1%.6 kb) -ﬂ':y - . -
pR5269 ~ampR orj; 2um LEV2 mm:l-ugz ~ “R. W..O0rd -

(17.65 kb)
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(17.5 kb)
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, List .gf plasmids used (cont'd) B
Plasmids Description . “source
pRS759 ampR ori; 2um LEUZ TMFl-lack  M.T. Greenwood

(17.9 kb) -
upR8840 ampR ori; 2pm LEU2 TMPl-lacZ this study
(19.05 kb)a' -
PRS1034 ampR ori; 2pm LEU2 TMPl-lacZ this -ét;udy
(18.25 kb)
pRS822 ampR ori; 2um this study
(18.45 kb)-
pTL30 ampR ori; 2um G. R. Taylor
| (17.3 kb) |
_pTL31 ampR ori; 2um . f R. Taylor
_ (17.1 kb) —
pTL32 ampR ori; 2um G. R. Taylor:
| (17.2 kb)
pTL35 - ampR ori; 2um G. R. Taylor - )
(17.2 kb) '
PRS741 ampR g;i_'; 2pm R. W. Ord‘
| (17.4 kb)
PRS744 ampR ori; 2um R. W. ord  “

o (17.4 kb) '

PRS669 ampR ori; 2/im R. W. ord



| Ligt_gt;nlaamida_magﬁ'(coht'd)

---———--..——_---——-------ﬂ-’-_*‘—--——‘-————---—-——---m-m-—-.

Plasmid ' Description = - Source

——-———---——————--———————-——u—---——-—--—————---—--——-—--——an

Intearating gene fusion plasmids

§R8306 " ori:; LEU2 TMPl-lacZ (12.9 kb) this study

6§S448 ampR gri: LEU2 TMPl-lacZ (15.4  this study
Lo ) kb) .

pRS463 ‘amp®R ori; LEU2 TMPl-lacZ (13.8  this study

x Xb) _
Autonomously ;géligg;ing hybrid promoter fusion élasm;gs

pRS2101 .  ampR ori; 2um LEU2 CYCI(sUASc)- this study
o lacz (18.35 kb)

pRSZibz ‘ampR ori; 2um LEU2 TMP1-CYCl- this study

lacZ (18.5 kb) . e

PRS2103 . ampR ori; 2pm LEU2 TMP1-CYCl- this study
lacz (18.5 kb)
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. TABLE~2

List of strains used
A. E. coli R
Strain . Descziption . Source -
371754  hedr lac gal metP leus hisb4se 3. Friesen
* JM83 ara A;gg.g;g thi strA ¢80dlaczMls . J. Messing‘
B. S. cerevisiae \
strain pescription, T source
aHz2 WATa canl-1 lewz-3,-112 hisd-519  G. R. Fink
M12B  MATe trpl-289 ura3-a52 ~ T. G. Cooper
RS456 AH22 rpR8566 (2 copies) :: TMP12 -Fhis study
RS457° AH22 [pRS306 (2 'coplies) :: TMP12 " this sfudy
RS458 * Aﬁzé'[pRS306 (1 copy) :: leu2® .~ this study
£8561 AH22 (pRS463 (1 copy) :: IME;‘* this study
RSSGG' ' AH22 [pRS;63 (5 copies) :: leu22 this study
RS567  AH22 [pRS463 (4 copies) :: leu2® .  this study

a. notation adopted to indicate the number and the plasmid

sequence integrated at the chromosomal locus ‘
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type A, 0.5% yeast extract, 0.5% NaCl, 0.2% glucose, pH 7)
media. - Generally, strains were grown in minimal media
lacking the appropriate amino acid when selecting a

recombinant plasmid, or were grown in rich media LB with

“ampicillin (20 pg/ml) when isolating plasmid QNA. Strain

JF1754 transformed with plasmids bearing the yeast LEU2 gene
was grown in minimal media supplemented with the amino acids
methionine and histidine. JM83 transformed with puUCl8 or
pUC19 recombinant plasmids was grown on .minimal media
supplemented with 50 iug/ml of proline, 20’ pg/ml of
ampicillin, and 40 ug/ml of S-bromo-4-chloro-3-indolyl-g-D-

galactoside (X-gal).

Yeast strains were grown in minimal YNBD (0.67% Difco

Yeast Nitrogen Base w/o amino acids, 2% glucose, 50 ug/ml of
required amino acids) or rich YEPD (1% yeast extract, 2%
Bacto~peptone, 2% glucose) media. Strains transformed by
autonomously replicating  plasmids were selected and

maintained by growth in minimal media lacking. 1leucine

¢

(YNBDH) . Strains transformed by integrating plasmids werg
. . ‘
selected by growth in YNBDH. Once obtained, subsequent

growth was in either YNBDH or YEPD.
Transformation
Routineliy, 100 ml cultures of E. ¢oli were grown to Agqg

0.2 (LKB Ultraspec) for transformation. The flask was
*

"cooled immediately by immersion in a chilled ice - water

bath. Cells were harvested, washed once with 50 mM CaCl,,

and then resuspended in 1/20th volume of the original

23



culture with 50 mM CacCly/10% glyceroli The amount of
competent éeils fequired for the current transzrmation was -’
removéd, and the rgst dispensed into 1 ml or 0.2 ml aliquot
for storage.at L80°c.

Yeast- AH22 cells were transformed by either the LicCl
protocol ~(Ito et al, 1983) when using autonomously
replicating- plasmids, or the spheréplast technique (Hinnen,
1978) when using integrating plasmids. Spheroplasting'yeast.
cells for integration of pla:smid sequences was preferred
since 'the transfafmation frequency was much higher.
Typically, 1 pg of autonomously replicating plasmid DNA, and
10 ug of integrating plasmid DNA was ﬁ;ed to transform yeast
.cells. To enhance the frequency of plasﬁid integration, DNA
was linearized by a restriction endonu¢lease that cleaved a
site within the TMP1 or LEUZ2 sequences for targeting to
either of the two chromosomal sites (Orr-Weaver et al,
1981) . '
DNA Isolation

Small scale ané large scale plagmid DNA preparations
. were isolated from E. coli using the protocol developed ﬁy
Birnboin and Doly (1979). Large scale plasmid preparations
were purified ﬁy CsCl-ethidium bromide centrifugation.

Plasmid DNA  was isolated from yeast using the sameg
procedure as'for E. coli except that yeast cell walls were
digested with Zymolyase (see below). Total chromosomal DNA

was isolated and purified from yeast using the procedure by

Davis et al (1980) with the following modification. 25 to

e
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100 ml of yeast culture was . grown éo stationary phase,
harvested, and wash;d once with 1 M sorbitol or 1lytic
solution (1 M Sorbitel, 20 mM KH,PO, pH 6.8, 50 mM EDTA).
Cells were spheroplasted in 1/10thf§oiume of lytic solution
with 10 upg/ml of Zymolya;e 100T (Miles), and 0.1% of g-
mercaptoethanol. The converéion of cells inta spheroplasts
was determined by the addition of water or 0.1% SDS, and
‘observing microscopically for the loss of intact ’ceiis.

.

Spheroplasts were washep once with 1 M sorbitol and the
pellet resuspended in 50 ug/ml of Proteinase K and 0.5% SDS
/(Maniatis, 1982). After overnight digestion at 37°C, 1/10th
volume of chilled 5 M K ace%ate pH 6.0 was added and left on
ice for one hour before spinning down at an average relative
centrifugal.force (Rcf?\taf 17000 X g (IEC). The supernatant
was traA;fefred to another 50 ml Oakridge tube and an equal
volume of 10 M LiCl was added. This was chilled for, one
hour to precipitate the bulk of RNA and proteins before
centrifuging ‘at an averagg:RCF of 17000 X g (I1EC). "Thc
supernatant‘syﬁtaining the DNA .was transferred again into a
fresh Oakridge tube for ethanol (EtOH) precipitation.

Chromosomal DNA was essentially free of RNA and proteins but

RNAse treatment and phenol extraction removed all traces.

‘

DN

-

Two methods were used for DNA hybridization: Cooper's
method (1982) or desiccated gei protocol of Tsao and
Pearlman (1983). When using Cooper's method, Pall membranes

were used instead of nitrocellulose. Otherwise, DNA

25



hybridizatibn was peFformed as described. (

DNA hybridization’.by the' dried gel method is a
modification of the procedﬁre developed by Tsao and Pearlman
(1983). In general, chromosomal DNA was genatured'in a 0.5
M NaOH - 1.5 M NaCl solution (three cbaﬂ;es for 15 minute
incubations),with gentle shaking to completely immerse the

gel. The gel was neutralized in 0.5 M Tris pH 7.5 - 1.5 M

NaCl (two changes for 30 minutes incubations). The gel was.

immediately placed in a BioRad slab gel drier ;hd was v§yﬂsm
dried to paper‘thinness overnight at-80°C. '

When ready to hybridize, the dried gel was rehydrated in
filtered wateér for 5 minutes. The gel was then placed into

a heat-sealable bag (Seal-A-MealTM) with prehybridization

26 Nl

. solution (5X SSPE [0.9 M NaCl-0.65 M NaH,PO4~5 mM EDTA pH

7.0] - 5X Denhardt's [0.5% Ficol1-0.5% polyvinylpyrrolidone-

0.5% BSA] - 0.1% SDS) for at least 2 hours at 65°C. After
prehybridization, heat-denatured radioactively labelled DNA
was addeq .and incubation continued overnight. ’After
. hybridization, thé{gel was washed twice with 2X SSPE - 0.1%
SDS for'qne to two hours, and once with 1X SSPE for 2 hours
at 65°C. The hybridiiation bag was then blaced into a 45°¢C
bath for 15 minutes and finai;;M;t room temperature for 5
minuteés. Tﬁe gel was placed in a DuPont ﬂightning Plus
intensifier screen to expose X-ray film#(Koda}: X-OMAT. AR).
Thfs was stored at -80°C for 1 to 7 days depending ‘on th;
sﬁécific'activity of the radiocactively labeled DNA fragment

(see‘Below).

AV4
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Both fhe ?54 bp HindIII to BamHI TMPl fragment and ‘the
2.2 Kb Sall tg'zngI LEU2 fragment were purifiéd from agarose
gels by electroeluting the bands onto dialysfé membrane,
.éssentially as described by Maniatis (1982) with , the
following modifications. 10 rug of plasmdd DNA (either
pPRS479 for TMPl1 or pYF91 for LEQS) was digested by
restrictioﬁ endonucleases and loadéa into .the 3 cm slot of
an agaroée gel. Electrophoresis was carried out until the
bands were separated. The DNA bands were stained lightly by
0.1 pg/ml  ethidium bromide in TpE‘ buffer (0.04M Tris-
acetate - 0.002M EDTA, pH 8.3). An incision was made in
front of the desired band to insert a dialfgls membrane and
3 MM Whatman .filter paper.. The 3 MM Whatman paper was
placed between the DNA band and'dialysis meerane. This gel
was returned to 'the electrophoresis ‘tank to transfer DNA
from the gel to the dialysié membrane. Both the‘dialysis
membrane and Whatman filter paper wgre removed and inserted

into a perforated 400 ul microfuge tube fitted inside a 1.5

ml microfuge tube. The eluate was recovered by 15 to 30

second centrifugation at 12000 X g (Ependorf). The membran

was washed twice with 100 gl of TAE, and the eluat¢ and.

“ 7

washeg were pooled. The NaCl concentration was adjustpd to
0.2 M and the DNA was purified by passage through an Elutip-
dT™  column (Schleicher & Schuell). ' After EtOH

»

precipitation, the DNA was resﬁspended in 20 to 25 ul of TE

(10 mM Tris pH 8.0, 1 mM EDTA).

27
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0.5 to 1 pg,of DNA fragment was labeled to a ' specific
activity of 106 - 107 cpm/ug using the BRL nick translation
kit with either [e-32PJdATP (ICN), [a-32P]AGTP (Amersham),
or [a-32P]dCcTP (NEM). If P32 incorporation was greater than
30%, T4 DNA ligase was.added to repair nicks in the DNA
fragment as recommended by Maniatis.

Q;galactbsidase determination

Rouﬁinely, either 9 ml aliquot (from strains with
autonomously replicaﬁing blasmids)'or 25 ml Fliquét (from
gtrainé with integrated plasmids) were harvested from batch
cultures and vuvsed for pP-galactosidase assays. _ Yeast
cultures were usually grown for 20 to 23 hours in YNBDH
media ‘(approxiﬁately 8 to 10 éenerations) before sampleg
were harvested for ﬁ-gaiactosidase determination. Duplicate
séﬁples were taken from’each culture. After centrifugation,
bgllets Qere frozen in liquid nitrogen before storing at

A

-80°C. Cell numbers were determined spectroscopically

(Ago0) -

B-galactosidase activity from yeast was determined
4 . .
essentially as, described by Miller (1972), except that' 3%

Brij-35 was included in the ‘Z-buffer to permeablize cells.

1

Eiperimen&;»were repeated, at least’ once, to' evaluate the

relative le)el of B-galactosidase'activity ;>presség by the

IS 1

different transformants.
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I. BEEBlEXALLQE_BDDIIlQHAL_THELJQEﬁlBEAM_ﬁﬁgﬁENQES

fhe yeast TMPl gene hi? been\ploned ;n a 9.6 kb HindIIr
fragmént (Tailoz' et al, 1982).  Complementation analysis
revealed that the;gﬁg; gened;as located near one end of this
HindIII fragment. Also, LNA sequencing indicated that , this
fragment contained only 376'bp of information upstream of
the open reading -frame encbding thymidylate synthagg. Since
‘Nasmyth’(l98§)-found that the HO gene,°anotheg cell cycle
ré%ulated gene, required at %Fast IQBO bﬁh of upsﬁream
information f?r ié; correct expression, I reasoned that the
zﬁﬁl geneL may require more éhan 376 bp of upstream

information for its correct exﬁression. Therefore, before 1

a

began my studies into localizing and characterizing the -

o

] v
sequences regulating TMP1 expression, I wanted to retrieve

from yeast more of the DNA sequences from upstream of the

< . 0
TMP1 gene. ~ 2

The sirategy used to retrieve more DNA=froﬁ upstreamn of-

the TMP1 gepecis outlined in figurejl. The basic features
of this stiategy incluaedg (i) ira;sféfmation“of yeast M12B
with an intgératiég plasmid (§R5464)_ carrying the TMP1
sequences to allow‘integration by homologous, recombination
at the zﬁg; locus. (ii) Idenlification,‘&Qingithe DNA .blot
analysis, of Sh; ér sformants with the inteéfatihg plasmid
"present at the IMPi( locus (data not shown). (ii}) Retfieviné
the plasmid and additional Bequepced flankinq the TMP1 gene

)

f;om these “yeast transformants.’ o . ’ °°,<

-
- . . a
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FIGURE 1

'
> . ¢ fe

Strateqy to retrieve more TMP1 upstream information

A: Primai'y steps: Plasmid pRS464 transformed into strain

M12B 1ntegrates at elther IM_;_ «or aura3 locus to form URA3

transformants. Shown are. the partial restrlctlox/ maps of

the p'lasmid pRS464, the chromosomal TMP1 and asura3 regions,:

and the predicted maps of these regiéns after plasmid

"integfation. The thin line (——) depicts chromosomal DNA;‘

the thick 1line (gmay) depicts plasmid TMP1 and URA3

sequences; -and the dashed line (---) depicts pBR322. The

' sites for HindIII, SphI, PstI, Smal, .and BamHI/BglII are

indicat/ed- by H, Sp, P, Sm, and B/Bg -respectively. The

Y

arrows indicate directipn of transcription.

8

»

¢

B: Schematic diagram depicting the strategy used to r_etrieVe
add#itional information from’ upstream -of the TMP1 gene.
Shown at the top is a ?artial restriction map of 'a M12B
transformant coptaining one copy of pRS464 integrated at the
TMP1 ‘locus. The thin line (——) depicts chromosomal DNA; the

thick line (smm) depicts TMP1 and URA3 plasmid sequences;

and the dashed line (---) depicts pBR322 DNA. -~ The sites

~ -
SphI, HindIII, BamHI/BglII, SmaI, and PstI are indicated by

Sp, H, 'B/Bg, Sm, and P 'respeétively.;&
w %
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ligation with T4 DNA ligase

. ' transform E. coli JF1754 . '
select ampR clones
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characterization of plasmid DNA by restriction mapping
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From this strategy, a total of five independent plasmids
‘were obtained.’ One plasm;d, pRS479 which contained an
.additional 1.4 kb of DNA, was chosen for further analysis.

This analysis generated the partial restriction map of the

33

TMP1 gene and its surrounding region that is shown in figure

2. The restriction recognition sites are indicated above

the restriction map while their distances in bps are

indicated below relative to the first base of the TMPl1 openh

reading frame. The A of the first codon has been
arbitrarily designated as +1.

T wanted to verify that this; fragment wa; indeed the
infofmatioﬁ found upstream of the TMPl gene. This was
accomplished 'by Southern blot analyéis. The arrows in the
Southern blot (figure 5) indicate‘ the DNA fragments from
pR9479 plasmid DNA and AH22 genomic 'DNA which hybridized
with the 1246 bp HindIII to EcoRT TMPL probe. The other
bands are residual activify from a.previous exposure with a
LEU2 probe‘ thch was not completely removed (data not
shown) .- This blot shows that the plasmid DﬁA anq genomic
DNAjdigested by B4lIT or ECORI generated fragments which ére
the same sizes. These enzymes were chosen since restriction
mapping of pRS479 showed that«they would generate fragments
of *kn&wni sizes which included sequences from both the
retriéved upstream information and the originally cloned DNA
sequences (see figure 2). As a molecular ynight control,

SphI generated a 9.2 kb fragment from pRS479 (figure 3, lane

3), and a 4 kb fragment from AH22 (figure 3, lane 4).

,/(



FIGURE 2 ' _
Partial restriction map of the TMP1 gene and its flanking

region. Distances are’ indicated in base pairs. The.bar

34

(—) beneath the restrlction map is the DNA fragment used as,‘

the hybridization probe (see text) . The restriction
N , .

recognition sites are indicated as follows: HindIII

.(abbreviated by H), BamHI (B), SphI (Sp), Bstl (P), BglII

- (Bg),. PvuIl (Pv), MluI (M), EcoRI (E), and XholII (X).

/



. P
LN

V\ <
AX 14D .
IdIWL
N ! _ ) - \ .- v
. r 11 t 1 f ! n“ ™
) o W o= San oW S~ 09 o 3
. & o NN a3 3
© g 5 - 6 L98.800 ™ °c 9 T 3
H———_——— i ——————}————— P
3. 8 b@ xndeS WWdJ H 68 3 3 d ds
: -
»




35

I

1)

dsbg.

8

AX 149D
IdIN L

. ' ' | _ 1 1 1 t_. A

@ . (4,] (] ZI', = =N W wm /—. [(s] w o

] o0 N ~ o o .

w M % %%%LRB% m__u% ﬂn_w o_v n_u nw

I ._ i LB I ] J R

.3 g 68 xrndesS WWdJ H bg 3 a d .dg



FIGURE 3
Comparison of the restrictin map of the cloried TMP1 region

with' the restriction map of the genomic TMP1l region as

determined by Southern analysis. 10‘pg of chromosomal DNA.

from AH22,‘and approximately 7 X 10~3 ug of plasmid DNA from
PRS479 were loaded into alﬁernating slots of an 0.8% agarose
gel. The lanes contain the following: undigested DNA (lanes
1 and 2), SphTI digested DNA (lanes 3 and 4), EcCORI digeéted
DNA (lanes 5 and 6), and gﬁlII digestea DNA (lanes 7 and 8).
Lanes 1, 3, 5, and 7 éontain AH22 DNA, while lanes 2, 4, 6,
and 8 are p§S479 DNA. DNA fraciionétgd by electrophoresis
in agarose wés ;ransferréd onto a Pall membrane ;efore
‘probing with the 1246 bp HindIII to EcoRI TMP1l fragment that
was radioactively labeled by nick-translation in the
presence of [a-32P]dACTP to a spécific activity of 5 X 109

cpm/ug. The probed membrane was used to expose X-ray film

for 3 days. ' The arrows indicate. the bands which hybridize

with the TMP1l probe (see text).

v '
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To summarize, this analysﬂ,sﬁ generated the. fdlléwing
i :

.results which strongly suggested‘ that the ‘1.4 kb of

retrieved DNA is indeed the sequence upstream of the
chromosomal TMPl gene: (i) Southern analysis of the M12B
transformants revealed that pRS479 was retrieved from yeast
genomic DNA containing plasmid PRS464 integrated at the TMP1
locus ‘(data not shown). (ii) Restriction mapping of the
retrieved information present in pRS479 anda\:he Southern

mapping ‘of the genomic' DNA .present upstream of the TMPl

—

locus resulted in identical maps. o

II. MAPPING THE CIS-ACTING SEQUENCES INVOLVED IN TMP1

EXPRESSION

Once I had cloned the additional 1.4 kb ¢f TMP1l upstream
information, I was ready to begin characterization ,of the

regulatory information which controls TMP1 expression. To

t

‘do this, I chose to place the expression of the E. 9_9_1_'1‘1_@;1

géne under the transcription and" translation initiétion
control signals supplied by sequences from the TMP1 qﬁéne.
The resulting genes are hybrid genes containing both TMP1
and ;égz_ éequences. Therefor\e,, I could characterize the
role of TMP1l regu}latgry seq;:ences by determining the levels
o'f B-galactosidase activity in the yeast transformants

harbouring TMPl'~-'lacZ fusion genes.

II.a. e 5] !

Regions
To locate the cis-acting upstream regulatory sequence's,

varying portions of this region were subcloned into the

)
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autonomously replicating plaéﬁids, pPRS535 and pRS269

(conétmction discussed by R. W. Ord, PhD thesis, 1987).
Briefly, these two plasmids contdin the identical 376 bp
TMP1 sequences upstreaﬁ of tﬁe TMP1 translation start codon
plus 15 codons (pRSSBé) or 112 codons (pRS269) of the TMP1
N-terminal coding information spliced in frame to the lacZ
gene.
IT.a.(i) TMP1'-'lacZ fus, e éonstructions

Before portions of the retrieved DNA region couzd be
subcloned into the gene fusion pldsmids pRS535 and pRS269,
two recombinant plasmids, pRS820 and pRS829, . were

3

coﬁstructed. These'plasmids contained two different TMP1
fragments from pRS479 subcloped into the polylinker site of
pUC18 and pUC1l9, respectively (figure 4). pRS829 contains
the 2376 bp TMPI ffggment ;hich extends from the SphI site
at -1800 bp to the BamHI site at +576 bp. pRS820 contains
IME; sequences from the gg;l site a&iééproximately -1300 bp
to the PstI site at -270 bp. '
Three additional gene fusion plasnids uere()then‘
constructed as described in figure 5. These plasmids
included the pRS269 derivatives, pRS840 and pRSBZZ,-which
contained the TMP1 upstream information extending to -1800
bp and -1300 bp, respectively, and a third plasmid, pRS1034,
which is a pRS535 derivative containing thellﬂgl upstre;m
information extended to about -1300 bp. Once constructed,
these plasmids pR81034,rpR8822, and pRS840, were transformed

o~

into yeast strain AH22 by the LiCl technique to investigate

AY

3
{«j.
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. e
FIGURE 4

Shown- is the strategy used for constructing pRSézo and
pRS829. 3 .ug 6f‘p1asxﬁid pPRS479 DNA and 1 ug of plasmid
pUC18 DNA were qigested either singly by PpPstI, or doublf by
Sphl and BamHI to form the pUC d’erivatives containing the 1
kb Pstl upstream TMPl fragment (pRS820), or the 2.4 kb SphI
to BamHI fragment (pRS829). Plasmid p‘Ré479 was further
digested by Pvull during construction of pRS820, or digested
by Asp718 while constructing pRS829. The ligation mix was
qsed to transform JM83 and white ampR colonies were chosen
for further characterization by restriction enzyme analysis.
The thin 1line '(—) de?icts the TMP1 DNA §equence‘;.the
dashed line (--~) depicts URA3 and péR322 DNA sequences §.n
pRS479; while the thick line (gymmy) depicts- pUC DNA. The
sites for SphI, BamHl PstI, HindIII, Smal and BamHI/BglII

are indicated by Sp, B, P, H, and B/Bq, respectively.

40
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) . FIGURE S

Shown are the ?p“artial restriction maps for and the strategy
r

used to construct pRS1034, - pRS840, and pRS822. 3 ug of

either pRS820 or. pRS829, and 1 pug of either pRS535 or

PRS269, were digested by HindIII, then ligated using T4 DNA

ligase, and used to transform strain JF1754. Colonies that

. were leut ampR were chosen for further characterization by

restriction enzyme analysis. Shown in A is the comstruction

of pRS1034. The 800 bp HindIII fragment which contained the ’

TMP1l sequence from -pRS5820 ‘'was cloned into PR$535. B shows

+

the construction of the pR§269 derivatives; pRS840 with the

upstream information extended to the Sphl site, and pRS822

.with the upstream information extended to PstI site. The

thick line (pmmm) depicts pRS820 and pR5829 DNA, while the

thin line (——) depicts pRS535 or pRS269 DNA. The sites for

HindIII, PstI, SphI, SalI, SalI/Xhol, EcoRI,“BamHI/BglII,

\

and Sau3a are indicated by H, Ps, Sp, S, S/X, E, B/Bg, and

o
a

Sa, respectively. R
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their expression in yeast. Strain AH22 trénsformed by
autonomodsly replicating plasmids\ w,’iil be designated as T
followed by the plasmid name, e.g.‘AH22 transformed by
pPRS1034 was de'signated.by T-1034.

II.a. (J':i) . TM‘Pl"'-'lch gene expression in ygggvj;

Once transformants of yeast strain AH22 harbouring each ‘
of the plasmids had been obtdined, they were grown under
selective conditions to mid-log phase and samples harvestéd
to determine their 1e’ve1s;. of p-galactosidase activ/iéy.
Also, other transformants obtéiﬁed from R. Ord (Ph.D., i987) -

}

( ontained—further—detetions-and-modifications within —
the TMP1 upstream region were grown and harvested fqr B-
éalactosida’se determination. A summary of the results
obtained with these tTansformants is shown in table 3.
Table 3 gives thelleVels of f-galactosidase expressed by
aisyn’ch:ronous Iog phase cultures harbouring the different
plasmids derived from both bRSS’JS and pRS269, while figure 6

V depicts the partial .resgrictigon map of the IMP1 gene\ éhowing )
the relev‘ant‘ portions used in the construction of the
different gene fusions. This map is aligned above the TMP1
portions of theudifferent gene fusions.- gi\llen in table 3.

. Also, the thymidylate synthase activities expressed. by A'Hz?. .
and by a yeast transformant (T-TL1l) containing the TMP1 g*ene

]

. on a multicopy pla'sn\\id, pTL1, are included in table 3.

13 * . r —/-
A. Expression analysis of pRS535 derivatives

-

-

From the levels of p-galactosidase expressed ‘from

the different fusion genes derived from pRS535, several



TABLE 3

P

‘lacZ expression from the different gené fusions as

f

indicated

D e G S — T G ST S S T - G —— " — —— b S S G - T —— G G — . Y W S S Sy S ——

Enzyme Activitg‘ Rélative Monomer gumbers/

45

Strain B-gal? T.S. levelsC cell

1. T-1034  2.45 nd 1.22 [~ 445 (0.01)
2. T-535 2.01 . nd "1.00 . 365 (0.015)

3. T-TL30 2.3. nd 1.15. 418 (0.017)

4. T-TL35 - 11.6 nd 5.8 2106 ko.oee)

5. T-TL31 0.09 nd 0.04 16 (0.00068)" °

6. T-744 5.8 nd 2.89 1053 (0.044)

. 7. T-741 0.17 nd _0.08 . 31°(0.013)

8. T=TL32 0.13 “nd . 0.06 . 24 (6;00098)

9. AH22 \ nd 26 n/a ° 2500 (0.10) -
©10. T-TL1 - nd 252 ﬂ/av - 24000 (1;09) o
'11. T-840 3.46 nd 1.83 628 (0.026)

12. T-822 2.87 nd 1.52 521 (0.022)

13. T-269 3.79 ha‘_' 2.01 - 688 (0.027)

' 14. T-667 2.91 nd 1.54 . 528 (0.022)

a. Brgalactosidase activity in Miller units:
BA420
min. X ml. X Aggg/ml

X 1037 :

The levels of ﬁ-galactosidése activity expressed by this
series of gene fusion transformants are the results from
a single experiment. Each p-galactosidase activity value
is the mean of duplicate samples which did not vary from

the mean by more than 5%. The experiment was performed 4

-



times and t';he relative f-galactosidase levels N&rcm the
,_différent transformants did not, vary signifiéagﬁly.
b,._specific activity (4U/mg) of thymidylate synthase
Xcourteéy by M. T. Qreenwoé9¥ pmol 3H20 produced/min/mg
soi. protein)
c. ﬁ-galactosidase_?xpressibn relétiY§ to pRS515

d. ﬁ-galactosidaée monomer numbers per cell calculated by

the formula:

Miller units .d_._x_;LQu_mgngmgm 600
10 1 Agopo/min X107 cells. X1

‘ Thymidylate‘synthase monomer numbers per cell calculated

46

by the fprmula

~ spec. act. , 0.578 mg sol protein ‘ 3mg1ggglg&
(bU/mg) ° cells. pmol

Hp0

X 73 X s,
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FIGURE 6 ‘
e . Partial restriction maps show the Iut;,regipn and the géne
“fusions.-having“ varying portions of the TMP1 upstream
information. - Thin 1lined seguient (;——)’ depicts the TMP1
upstreamﬁseéuences while the thick line (o) depicts the
TMP1 open reading frame. The closed box (ij-depicts the 34
bp Mlul fragment and is indicated’by Mlu.. The open box
() depicts lacZ sequence. The TMP1 restriction map
sholws the relevant restriction regognition sites used in
constructing the gene fusion derivatiVeS'below. The diagram—
"deéigm;_nnly_JﬂuL_pfrtinegtaJQM}—qmunr;and—%ﬁﬁﬁ%%ﬁayﬁﬂﬁf—ef—f——-~——

: these’ggpes. The plasmid name of the gene fusion is listed

at. the right of the linear map. The ﬁ-galaétosid;se
activity relative to' pRS535 is listed .at the right of
plasmid name. j The restriction sites SphI, PstI, gig&III,
QLQI;'§QQBA( and B4lII are indicated by Sp, P, H, Mlu, Sa,

and Bg, respectively.
o

T
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conclusions can be drawn: (i) Information upstream of the

PstI site at =270 does not appear to play a role in
regulating the levels of TMPl expression as determined by
these experiments. That is, deleting all the information
upstream of the PstI site at -270 did not affect the steady
state levels of B-galactosidase expression (table 3, lines 1

‘

to 3). (ii) Information between the PstI site at -270 and
the Mlul site at -159 appears to encode sequences which
repress expression. That is, deleting all the upstream

information beyond the Mlul site a¥ position =159 bp

resulted in_a ﬁ-f-‘g1dAi.ncrease—inAﬁ-gaAl»actos—idasefexpress—ipn. —
(Compare in t?ble 3, li‘ne 4 with line 2). (iii) Information

between the }_Jl_lgI sites at positions -159 and -122 appears to.

encode at least part of an upstream activating sequence

(UAS) . That is, removing all the upstream information

beyond position =122 bp resulted in a 22-fold decrease in

levels of p-galactosidase expression (compare in table 3,

line 5 with 2). Also, when the regidn between the two Mlul

sites is deleted t generate the plasmids, pRS741 (table 3,

line 7) and pTLBZ\(table 3, line 8), respectively, the
resulting plasmids expressed levels of S-galactosidase which
were reduced approximately 15-fold rélative to the parental
plasmid pRS535. While both plasmids have the 34 bp MluIl
fragment deleted, the difference between these two plasmids
is that pTL32 only has information extended to position

-270 bp (figure 6, compare lines 8 and 9). (iv) When the 34

_bp Mlul fragment was inverted to generate pRS744,

—




f-galactosidase expreqsion increased 3-fold (table 3,
compare line 6 with 1line 2). Thié is unexpected result
which will be discussed later in the discussion section.
'Gene expreséion from this set ofyfusion genes suggests
that most, if not all, of the upstream information necessary
for expressing TMPl1 at normal levels during asynchronous
growth is located within 270 bp of the start codon. Within
this 270 bp region, there appear to be two regions important
for requlating TMPl expression: a negative site located

within the positions -270 and -159 bps, and a positive site

50

“Tocated within the positions -159 and -122.
B. Expression analysis from the pRS269 derivatives

Different portions of the upstream information were also
- A ‘

-subcloned into the plasmid pRS269 to form the plasmids
. o

pRS840 and pRS822 (figure 6, lines 10 and 11). The gene
fusion pRS269 has been shown by M. T. Greenwood to contain

information within the TMPl1 coding region which affected

lacZz expression. The expression from these gene fusions is
shown in table 3 (lines 11 to 14). These results also

suggested that the retrieved upstream ihformation d#d not
contribute information ipportant for regulating the lovelsn
of expfession in asynchronous cultures (compare with pkszﬁé
table 3, 1line 13). All these different gene fusions
expressed similar levels of ﬂ-g&lactonidase. In fact, these
fusinns expressed approglmately 1.5 fold moro B-
galactosidase activity than did pRS535 (table 3, line 2).

Therefore, the gene expression experiments performed

\ 4
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with the different TMPl'-‘'lacZ plasmids indicated that the
retrieved 1.4 kb TMP1l upstream region does not appear to
contain information which affected TMP1 expression during

asynchronous growth. *

II.a.(iii). Estimating the number of monomers of

g-galactosidase expressed by the different fusion genes

I was interested in comparing the leyel at which the

—

different TMP1'-'lacz fusion genes were expressed with the

level at which the native TMP1l gene was expressed. This

analysis could be useful for estimating whether the 5!

__.regulatory - information --identified -above —encoded ﬁa.‘g}“"th“e
information necessary to promote normal l_evels of
éxpression. To carry out this. compafison, I ;':hose to
calculate the number of monomers of B-galactosidase produced
by the different t;ransformants and the number of monomers of
thymidylate synthase produced.

Thymidylate synthase monomer numbers were calculated
using the specific activity determined. by M. T. Greenwood
(M. Sc. thesis, 1986), and the turnover number of 73 min~1
as ,determined by Bisson and Thorner (1981). he
B-galactosidase monomer numbers were determined usi the
enzymatic activity determined in this study and that 1
A450/min of éurified B-galactosidase corresponds to 4.45 X
1012 monome\rs (Schleif and Wensink, 1981). These terms were
used to derive the formula for calculating the \nun.lber of
mojiomers per cell given in the footnotes for table 3.

Gene expression levels of ﬁ—galacto‘sidase encoded by




-

PRS535- (table 3, 1line 2) and pRS269 (table 3, line 13)

expressed as monomers per cell were compared with the
expression levels from the 'single—qenomic copy (table 3,
line 9) and from the TMPl gene when present on the multicopy
plasmid.'pTLl (stfain T-TL1l; table 3, 1line 10). This
estimation showed that the number of pf-galactosidase
monomers expressed by the yeast transformants, T-53% and

T-269, was 1.5% and 2.7%, r;spectively, of the number of
thymidyléte synthase monomers present in T-TL1. 1t appears

that the pB-galactosidase 1evels expressed from plasmids

pRS535 and pRS269 are much lower than would be predictod ir
they were expressed as efficiently as the TMP1 chg present
onlpTLl. +Also, the number of monomers.expressed by T-TL1%
containing deletion of the negative.control site was only
8.8% of the levelé of thymidylate synéhase monomer; produced
by strain T-TLl. Although the lacZ portion of the hybrid’
genes could affect Expression at " the transcriptional,
translational, or post-translational level, one other
possibility is that these 1low levels of expression are
because the TMPl promoter present on these plasmide {n-
missing information necessary " for pormal expression (seo
below). |
II.b. An Origin of Replication (ARS) 18 Prebably HNot

Involved in Regulating TMP1 expression

Yeast strains which contained TMP1'-'lacZ fusion genes
at either )the IHEIJ-OT “the leu2 locus were conutructgd[

These strains were constructed to dete¢rmine whether an



autonomously replicating sequence (ARS) was important for
regulating TMP1 expression. Previous results obtained by
Hereford and Osley (1982), suggested that an ARS adjacent to

the H2B gene was responsible for the periodic transcription

of the histone genes H2A and H2B. This was determined by

comparing the levels of p-galactosidase expression during
the cell cycle ffom'a H2A'~'lac? gene fusions integrated at
the TRT1 locus with the same H2A'-'lacZ gene fusion
integrated at the leu2 locus. _Thus, to determine if this

was also a requlatory feature of TMPl, integrating plasmids

53

carrying the TMP1'-'lac? gene fusions were constructed and

targeted into the yeast gendme at either thL TMP1 or the
. ¥ » :
leu2 locus of.strain AH22. ;iye cell cycle stage dependent

expression of p-galactosidase by one of the transformants

1)

was determined by M. T. Greenwood (M.Sc., 1986).

'II.b.(i). Plasmid constructions

s

Integrating plasmidé were constructed from pRS269 by

removing the 2# information which confers autoﬁomous "

replication of plasmid sequence in yeast. The cohétruction
and structure of the integrating plasmids, pRS306, pPRS448,
and pRS463 aré shown in fiqure 7. Since these plasmids are
derivatives ofvasz69, the; have 112 amino acids of the N-
terminal of tpymidylate synthase fused to B-galactosidase.

A description of plasmid construction is given in the legend

of figure 7.
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FIGURE 7 '
Shown is the strategy used’ to construct the integrating =

information{which resulted in the loss of thé 106 bp HindIII

to Pstl fr/gmen;\of the TMPl region and the HindIII to PstI
poréion of pBR322. The 2.5 kb pPgtI fragment from pTL221 was
cloned into the PstI site of pRS306 to: form pRS448.
Subsequent digestion by HipndIII to deleée the yeast Ty

sequences resulted in the construction of pRS463{‘,The wavy .

line (vw):- depicts the 2 um circle region; the dashed line
, (---), pBR322 sgqu;nces: the thick line (ymmm), both tmpl and
ngg sequences; the hatched box ([/77]), TMP1l segquences in
) pTL221; thé discontinuous line (~*-), Ty sequences; and the
thin line (——), lac DNA sequences. The sites for HindIII,
PstI, §§;I, and §gll/gngl are indicated by H, P, S, and S/X

respectively.
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II.b.(ii). Strateqy.for plasmid integration into the veast
_ denome
o Yeast strain AH22 was mahe competent by the spherpplast

technique rétherﬁ than the LiCl procedure because plasmid

integration is a rare event and a higher transformation’

frequency can be obtained with this method. - Also, a greater

transformation frequency ’‘is obtained when integrating

3

. . }
plasmid 'DNA has been 1linearized- at a site within .the

3

homologous DNA region (Orr-Weaver et al, 1981). This

56

creates recombinogenic ends that fac1litate the integration -

of the entlre plasmld into homoloqous yeast sequence.

No such, internal restriction site was availgblé for
tarqétiné plasmid gsequences to the TMPl locus. Therefore,
pRS306 and .pRS463 weré lin%?rized by Pstl and ﬂiﬁdI{I:
respectively, which digest at the jhnctidn between the TMP1
and pBR322 DNA séquences (figure 8). Leucine prototrophs
were then selected. Figure 8 shows the Eredictéd

chromosomal structure resuletiyg froﬁ the integ;ation of a
single intact copy of either pRS306 of PRS463 into the TMP1

lo;us.q

Targeting plasmid sequences to the leu2 locus would be

expected to be facilitated by linearizing plasmid DNA with '

KpnI which cleaves withinm the LEU2 sequence /on pRS306 and
pRS463. But, a single intact plasmid copy integrated at
leu2 was never obtained. There are’ two mutations affecting

the leu2 gene in AH22 (iﬁgl;; and lé*g;ll:).‘ I1f these sitgn
are located on opposite sides of the Kpnl restriction cut -~

1

®

\

o

‘



: » (’ : ] N
*are indicated by-H, Bg, and P, respectively. 2

FIGURE, 8

Strategy fqr targeting integrating(plasmidsato TMP1 locus.

Top line shows pRS306 and pRS463. The line labelled AH22 is
a partial restriction map of the IMP1 %égion in strain AH22.
The third and fourth lines depict the partial restriction

maps of the TMP1l region after plasmid integration of either

PRS306 or pRS463. The open boxes ([__]) depict the LEU2 and

the TMP1' regions supplied by plasmid sequencés. The thin

lines (———1‘ depict lac ‘DNA, and the dashed lines '(---)
depict pBR322 DNA sequences. The flanging region € the
mp_l‘gené has, been dgéiqted as a thick 1inen (omm) and' the
solid box (.)‘dépicts pért of the region of the lﬁgl gene
that has been cloned. 10 ug linearized ﬁlasmid DNA was

targeted to'IMBi' Plasmids pRS306 and pPRS463

enomic site.
» ’ - . . .

were linearized/ by digestion with PstI and HindIII.

Restriction recognition sites for ‘HindIII, BglII, and Pstr

-
®
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site, a functional LEU2 could only be generated by multiple
\integration. That is, at least two plasmid integration
eveﬁts must occur to generate a functional LEU2 gene (data

-

not shown). - Consequently, the restriction endonuclease Sall
which digests at Othé junction: between péﬁ322 and LEU2
Sequences Qas used to linearize plasmid DNA prior to yeast
transformation. Figure 9 shows the predicted structure

resulting from the integration of either PR5306 or pRS463 at

leu2.

Using the above strategies I obtained three pRS306 and

three pRS463 transformants. f

II.b. (iii). Analysis of transformants constructed by

plasmid integration

Once I had these transformants, I wanted to determiné
- ¥

whether the different plasmids had integrated at the TMP1 or
.$he leu2 locus-as expected. I also &anted tq.know‘the

number, of plasmid copies which were present \in these

. .

transformants.

- f
A. Determining the chromosomal site of plasmid_inteqgriation

To determine the site of integration, BglII digested
chromosomal\DNA from putative fransformaﬁts was analyzed by

B ]
DNA Blotting. The blots were then probed with either the

- ~
TMP1 sequences (954 bp HindITI to BamHI fragment), or LEU2

éequences (2.2 kbﬂ sall to XhoI fragment) which » were

S

. radioaétively labeled by nick-translation.
, \

Chromosomal DNA from AH22- digested with BglII contains a

1

2.75 kb fragment which hybridizes with the LEU2 DNA probe.

he )

-
-
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FIGURE 9
Stratégy for targeting integrating plasmids to the leu2
locus. Top line shows pRS306 angl pRS463. The line labelled
AH22 is a partial restriction map of the leu2 region in
strain AH22, T_he third\ and fourth lines depict the p:-zlrtial
restriction maps of the leu2 région after plasmid

integration of either pRS306 or pRS463. The open boxes
A

(C—11) depict the LEU2" and the TMP1' rgqions supplied by\

plasmid sequences. The thin lines (—) depict lac DNA, and .

the dashed lines (---) depict pBR322 DNA sequences. The

flanking ‘région of the leuz gene has been depicted as a

thick line (pumm) and the solid box (m) depicts part of the -
. \ ’

region of the leu2 gene- that has been cloned. 10 pg of

linearized pI'asmid DNA was targeted to leu2 genomic site.

Plasmid DNA was linearized by KpnI or Sall before"

transforming AH22. . Restriction recognition sites for
HindIII, BglII, anhd Kpnl are indicated by H, Bg‘; and K,

‘respectively.
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Since neither plasmids (pRS306 and pRS463) contain a BglII
cut site, chromosomal DNA that ‘have plasmid sequence

integrated at leu2 should have a iarger molecular weight

BgliI fragment that is composed of both genomic and plasmid
DNA sequences. This analysis showed that one transformant,

RS458, contained plasmid pRS306 integrated at leu2 (figure

10A, lane 12);. and two transformants, RS566 and RS567, had

plasmid pRS463 integrated at leu2 (figure 10B, lanes 14 and

!
{

Similarly, integration at the TMP1 locus would result in
the‘83é bp BglII fragment of the TMP1 1§cus (figure 11, lane
2) becoﬁing a larger fragment as a consequence of éhe
integration of plaémid sequences into the chromosomal 1&2;
locus (figure 11, 1aneS'4; 8, and 12). ?his resulf showed
that transformants RS456 (lane 8) "and 'ﬁssél (lane 12)
contain plasmid pRS306 anaApRS463, respectivgly, intégrated

at the TMPl1 locus. . R : 5

The site of integratﬁoﬁ for RS457 (figure 11, lane 10)
' 4

could mot be determined ffpm this blot. However, this

strain was still chosen for .chaiacterigation by Southern
mapping (see belbw) since this strategy could also
distinguish whether RS457 had plasmid sequence integrated at

~

TMP1.
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FIGURE 10

e

A: Southern analysis of putative leu2 targeted pRS306

trénsformants

10 pg of chromosomal DNA uncut (odd numbered 1lanes) or
digested by BglII (even numbered langs) was loaded into
alternating slots of a 0.8% agarose gel. The folloﬁing'
yeast DNA samples were loaded: AH22 (lanes 1 and 2), RS449
(lanes 3 and 4), RS451 (lanes 5 and 6), RS456 (lanes 7 and
8), RS457 (lanes 9 and 10), RS458 (lanes 11 and 12), and
RS41§v (laﬁes 13 gnd 14). DNA fractionated by
electrophoresis was transferred onto a Pall membrane. This
blot was probed with the‘2.2 kb SalI to XhoI fragment of the
LEU2 labelled by n;ck-translation to ;he specific activity
of 3 X 107 cpm/pg in the presence of ‘[a—32P]dGT1;. This

autoradiqgraph was exposed for 1 day.

B:' Southern analysis of putative leu2 targeted pRS463

transformants - :

10 pg of chromosomal DNA uncut (odd numbered lanes) or
digésted by BglII (even numbered 1lanes) was' loaded into
alternating slots of a 0.8% agarose gel. The following
yeast DNA samples were loaded: AH22 klanes 1 and 2), RS560
(lanes 3 and 4), RS561 (lanes 5 and 6), RS562 (lanes 7 and
85, RS563 {lanes 9 and 10), RS$64 (lanes 11 and 12), RS566
(lanes 13 and 14), and RS567 (lanes 15 and 16). This blot
was probed with the 2.2 kb Sall to XhoI LEU2 fragment which
was nick-translated to ‘the specific activity of 107 cpm/ug

¢




-t

with [a-32P]dGTP. This autoradiograph

~

days.
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FIGURE 11
Southern analysis of putative IEEi targeted transforménts.
10 Lg of chromosomal DNA was isolated from the followiqng
yeast strains: AH22 (lanes 1 and.2), RS452 (laneSJB and 4),
RS453 (lanes 5 and 6), RS456 (lanes 7-and 8), RS457 (lanes 9
and 10), RS561 (lanes }1'qnd 12),.ahd RS564 (lanes 13 and
14) were loaded undigested (lanesil, 3, 5, 7, 9, 11, and 13)
or digested by BglII (lanes 2, 4, 6, 8, 16, 12, and 14) into
the slots of a 0.8% agarose gel. After glectrophoresis, DNA
was transferred onto Pall membrane. This resultihg blot was
probed with the.954 bp g;ngII‘to BamHI <fragment from the
TMP1 gehe which had been nidék-translated to a specific
activity of 4.2 X 106 cpm/pug in the presence of [a-32P]éGTP.

This autoradiqgraph was exposed for 7 days.
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B. Determining the number of plasmid copies at lew2 or TMP1

locus

Southern mapping was performed to determiﬁe how many
copies of the Qlasmid had integratéd. Single or multiple
plasmid integrétion was distinguished by digesting
chromosomal DNA isolated from the different transformants
wiFh either §§g1, SstI, .or KpnI. These enzymeéfgéve only
one recognition site within the plasmid séquence.

‘ Théreforee Southern analysis of a single copy integrant
should identify two bands. These £wo bands should have the

combined length which is equal to the sum of the genomic DNA

fragment flanked by the chosen restriction sites plus one"

complete-copy of the transforming plasmid. If more than one
copy” of the traﬂsforming'plasmid has integrated, three bands
are expected: two are the same as the two pgnds expected
from a transformant with a single ‘copy integrated; and the
“third which would‘be equal i; size to the original plasmid.
This strategy-distinguishes transformants with one copy from
those with two or more copies. However, it cannot
distinguish tgé precise number of plasmids if more than two
copies are present. Nevertheless, densitometric scanning of
the bands on the auéoradiograph was performed and .the

*

results used to quantitate plasmid numbers.
— The Southefn blot of the leu2 integrants RS458, RS566,
and RS567, is shown in\/figure 12A. Since RS458 has two
banés (figure 12A, lanes 7 and 11) which have a tptal iength

equal to the original genomic DNA plus the length of the

*
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FIGURE 12

A: Determination of the number of plasmid copies integrated
at the leuz locus .

10 ug of chromosomal DNA from the yeast strains AH22 (lanes

6 and 10), RS458 (lanes 1, 7, 11), RS566 (lanes 2,q8, 12),

and RS567 (lanes 3, 9, 13), was digested by KpnI. (lanes 1 to

§); SphI (lanes 6 to 9), or SstI (lanes 10 to }3). Lane. 4

contains approximately 0.007 ug of linearized pRS463, while

lane 5 has pRS306. This blot was probed with 2.2 kb Sall to

XhoI LEU2 fragment whiip»was radioactively labeled by nick-

translation in the presence of [a-32P]J¢ATP to a specific.

‘activity of 107 cpm/ug.. This autoradiograph was exposed for

3 days.

v
3

B: Determination of the number of plasmid copies integrated

+

r

at the TMP1l locus
5 pug of chromosomal DNA isolated from the yeast strains:.
AH22 (lanes 1, 7, 13), RS456 (lanes 2, 8, 14), RS457 (lanes

3, 9, 15), and RS561 (lanes 4, 10, 16) was digested by Kpnl

' (lanes 1 to 4), SphI (lanes 7 to 10), or Sstl (lanes 12 to

16). ' Lanes 5 and 11 contain approximately 0.003 ug of

v

linearized pRS306, while lanes 6 ahd 12 have approximately
0.001 pg of linearized pRS463 DNA. This blot was probed
with the 838 bp BglII TMP1l fragment radioactively labeled by

nick-translation (specific activity of 8.5 X 10® cpm/ug) in
¢

the presence of [a-32P]dATP.  This autoradiograph was

exposed for 1 day.
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transformlng lasmld I can conclude that R 458 has one copyv
\ v

gf the plasmi pRS306 integrated at the leu2 locus.

\ .
" On the other hand, when DNA from the transformants RS566

(figure 12A lanes 8 and 1'2‘)‘, and RS567 (figure 12A, lanes 9
{ and 13) was subjected to Southern analy31s a different

0

result was obtalned. In each of these lanes a third or

. extrd band the sa e length as the original . plasmid pRS463

' I

(flgure 12A, lane 4) was /seen. Therefore, these two

transformants have more than one copy of PR5463 integrated
. !

at the leu2 locus. o ¥ } )

~

- f » - -
. chromosomal DNA dlgested by KpnI (figure 12A, lanes 1, 2

and 3) was used to'estimaté the number of ‘plasmid ‘sequences
. y ’ ) - N |
in the strains RS566 and RS567. Since KpnI digests once

within' the Léfz ’gene,‘ three bands are expected. Tyo bahtis
-

“\' which a/te from the genomlc leu2 DNA,  and the thJ.rd band .

Wthh "is the length of the transformlng plasmld (flgure 9).
\]
,JTh intensity of the hybridization of tahe probe to the DNA

ba ds was ’ ‘termined by densitometry a'nd‘ used to estimate

pla mld copy numbers. RS458 (lane 1) was used das the

standard ref‘erence for one’ copy of plasmid sequence to

N
i} o [

estlmate t/);e‘ number of plasmld coples present 1n RS5566 (lane
2) and R8567 (lane 3) : This revealed that R8566 contalned‘
1 approx1mate1y fl'e copies,of pRS463 1ntegrated at leu2 whlle

Y

RS567 ha_d about fSur copies. . ks

The . number of plasinid copies for  the TMP1 -integrants

€ ‘_ ~‘ \.
RS456, RS¥57 and RS561% was analyzed by the.same strategy

desﬂcribed above for the leu2 transformants. The Southern

L)

.
R . N

e

"‘ J*' . ‘ Q "/

P
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} e
blot is .shown in figure 12B. * This analysis indicated tha;t
RS456 (figure 12B, laﬁesvs_and 14), épd from RS457 (figure
12B, lanes 9 and 15) have two copies.of plasmid ‘pRS306
integrated f'at the TMP1 1locus. However,‘ in the lanes
containing the KpnI digested chromosomal ”'DNA, two bands
earrying the TMP1 seqyences are seen from RR4§5i (figure 12B,
lane' 2) , and from RS457 (figure 12B, .lane 3). But,
restriction mapping ana®ysis revealed that the upper band

consisted of two DNA fragments that were not resolved during
: 1

‘ .
eledtrophoresié. Therefore, there gre three different DNA ~

[ 4

fragments from the Kpn digeit\ed DNA and these transforhants

contakn two copies of p asmid pRS306 (t the TMP1 locusz

-In the RS561 transformant, two bands containing TMP1

sequi%ces are -seen (figure 12B, lanes 4, }0., and 16)

syggesting that a single copy of plasmid pRS463 had

integrated at -the IM_P_l' locus. However, addition of the two

fragmeht‘s size from any of the different Trestriction

endonuclease di‘gest."fons do ‘not equal the sum expected if
\ .

RS561 contained a single plasmid sequence integrated at the

TMP1 1logus. Characterization by restriction magpihg

o

72

analysis of the Southern blot 1nd1cated that a 2 kb, reglon .

apﬂrox1mately 5 kb ‘downstream of the structural gene had‘

J'
undergd{me some 'sort of ‘rearrangement. The type of

rearrangement. could not be easily resolved using the data

from the autoradi“raph. That’sis, neither a deletion nor an

inversion event explained the unexpected pattern from the

different DNA digestions. Nevertheless, restriction mapping

-
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analysis suggested that RS561 had a s}ngle copy of plasmid
PRS463 at thé TMP1 }ocus aAd the structurai gene for lug;
appeared intact.: éut it is not .known whether this
downstream rearrangement aféects zﬂglhegpression.

The follo;&ng iz a summary of the informai}on determined
frém the Southern anq}ysis of %%b‘apove integrants. There
are: two transformants (RS456 and RS457) which have two

copies of plasmid pRS306 integrated at the TMP1 locus; one

transformant (RS561) “Wwhich has a single copy of plasmid

PRS463 at‘the'TMPlblocus; one transformant (RS45§) which has
‘ - .
a single copy of pla§mid.pRS306 integrated at the leu2 locus

.

73

“and; two tranéformanfs " (RS566 .and RS567) which have

approximately five an;\¥bur copies, respgctfvely, of PRS463

integrated at the leu2 locus. ' N

~

II.b.(iv). TMP1'-'lacZ dene expression from fusions

»inteqrated éither at the TMPl or at the‘Leuz locus -

Once the transformants had been characterized by

? \ ‘ 4 ¥
Southern analysis, p-galactosidase expression by these

~

transformants during asynchrohous 1log phase growth ‘was
‘determined. These results are presented in table 4.
Several conclusions can be drawn from this data.

LY L}
First, the expression of the TMPl'-'lacZ genes appears

to be affected by their génQﬁic location. That is, the ieu2
kntegrants RS566 (5 copies of pRS463) and RS567 (4 copies)
expressed similar levels; 6f B-galacéosidase as the TMP1
jntegrant RSSG]..Which contains a, single copy of pRS463
(table 4). . -

o ' P
N

a

L : \, -
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Table 4 ’
ﬁ-galactosiéase levels . from integrants

- —— - S - A G — G - = T IS S — - T VD G S S D L G S T G S D S G S S S G S T S —— S G —— —— -

Strain Ea:::l;ld ' Sill"xiig?:ﬁ- trl;ﬁ;;ggae\tion EnzyM;tivityc
numbers) tion frequency? Btgal - T8
1. RS456 pRS306 (2) TMPL 0.002° . 70.259 1.5
. 2. RSA5Y pRS306 (2) TMP1 0.002 | 0.242 nad
3. RS458 pRS306 (&) leuz " 0.002 1 0.047 5.2
- ‘4:'R85§l pRs46$ (1) TP1  0.001 ™0.145 4.8
5 ‘ " 5. RS566 pRS463 (>2) leu2 0.000  0.140 5.2
6. RS567 pRS463 (>2) leu2  o.001 0.095  nd |
, 7. AH22  n/a® - n/a ‘n/a - 0.002 5.9
8. T-269 pRS269 " nja 1.00 2.64 . nd

- — T T — T T G —— S D T . S —— . S T S S S - Gt i — . D W L - —— — - - —— - -

»

a. Proportion of leucine prototrophs obtained per microgram
of closed circular plasmid DNA, relative to that obtained

with pRS269 (1216 prototrophs/ug DNA). , o

¢

b._' Experiment waé, repeated twice before determining‘ the

average level of ﬁ-qalactosi:dase. “ . ,

- .\ c. Thymidylate synthase ('T.' S.) 'act-ivity expre.ss\edl as

. pmoles of 3H0 pf.oduced/min/l():8 log phase cells
(courtesy of P. P. Poon). " ' )

i v 4

St d. not determined

- v e. not applicable P ot :
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Second, the information necessary for normal levels of

S

TMP1 expression appears to lie downstream of the HindIII

restriction site at position =376, but extends beyond the
PstI recognition site at -270. This was concluded from the
following analysis. Integrati’on of pPRS306 should disrupt
TMP1 upstream region at the f’_sgl site. The transformant
RS456 - integrant which has pRS306 integrated at TMP1l
expressed levels of thymidylate synthase levels (courtesy of
P.’ P. Poon) that were 1/4 those obtained with the parental
strain AH22 or with RS561 which is a,bRS463 transformant and
should have the TMP1 locus disrupted at the I_*I;QdIiI site
(f;igure 8, table 4).

Third, there is no ars element associated with(’l the TMP1
sequences used in this stv;dy,' since the transfor"matic;n
frequencies obtained with all plasmids lacking 2umlcircle
sequences were very low (table 4), and the integrated
plasmid sequences were, stably maintained during nonselective
growth (data not shown). If there was an ars element or any
sequences that could confer autonomous replication, these
plasmids would behave llike pRS269 which transformed AH22 at
a 1000-fold higher frequency and which was rapidly lost

t

under nonselective gréwth.
IT.c. lac? Expression Using Hybrid Promoters

The gene fusion experiments described above indicated
that the 34 bp region betwc}aen the Mlul sit;es at‘ -159 and

-122 was important for the activation of TIMP1 expression

(t%ble 3). This suggested that this region may contain an

- VAR
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upstrgam activating sequence for TMP1l expression.
Furthermore, the fesults obtained by M. T. Greenwood' (M.Sc.,
;986) aﬁd R. W. Ord (Ph.D., 1987) indicated that the region
controlling periodic expression of the TMPl transcript is
found between the PstI (-270) site and the start codon.
Since UAS elements can confer their regulatory properties to
other genes, I wanted to determine if this region contained
a UAS. Therefore, I constructed #lybrid promoter fusion
plasmids which rgplaced the upstream activating sequenceé,

UAS1 and U252 (or UASp), of the non-cell-cycle-regulated

geﬁe fuysion, CYgl'—'lacZ (Guarente and Ptashne, 1982), with
the AluIl fragment from upstream of the TMP1 gene. This AlulI
ffagment contains the sequence between the positions -265

h)

and -90 bps (figure 13, TMP1).

II.c. (i). Plasmid construction ~

I used two plasmids, pRS845 and pRS2043; to construét
the three hybrid promoter-plasmids. Plasmid pRS2101 which
lacks any upstream ’activéting' sequences; plasmid pRS2102
which has the UAS- replaced by the TMP1 Algl fragment anq,
plasmid pRS2103 which has. the Alul fragment in the inverﬁFd

orientation. Figure 13 shows the structure and partial

restriction map of the upstream regions from these hybrid

N »

promoters.

IT.c. (ii). Expression analysis

These autonomously replicating plasmids were transformed

into strain AH22 by the LiCl 'technique. The'ﬁ-

[
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FIGURE 13 .
Partial restriction maps of the upstream region of pRS845,
the hybrid promoter gene fusions pRS2101, pRS2102, and
pRS2103, and the IMRL gene. The linear maps have h;een
aligned at the A (+1) of the start codon of the.opén reading
frames. The thick line (ygmg) flanked by Sm and - X depicts.
the CYCl UAS, and the closed box (gm) depicts the Mlul
fragment. The thin 1line (——) depicts tﬁe 5' flanking
region upstream of the CYC1' or TMP1 coding region. The
black rectangle () depict; lacz coding region, while the
open rectangle ([ ]) Aeéicts TMP1 coding region. ' The
plasmids'’ namé are listed to the fight. The B-galactosidase

activity relative to pRS2101 is listed to the right of

plasmid name. The restriction sites SalIl, XhoI, Smal, MluI,

HindIII, and AluI, are indicated by S, X, Sm, M, H, and A,

respectively.
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galactosidase activity 1levels expressed by these
transformants during asynchronous growth was determined
(table 5). B-galactosidase activity expressed from the

TMP1'-'lacZ gene fusions pRS535 and pR3269 has been included

for comparison.

lacZ expression from the CYCl p;omoter and from the CYC1
promo€ér deleted for the UAS. behaved as'expecééd. While
PRS845 and pLGGGg;Z (Guarente and Ptashne, 1982) expressed

very high p-galactosidase levels, pRS52101 which has the UASc

deleted expressed p-galactosidase about 1/100th the levels —— —

obtained with pRS845 (table 5). However, in strain AH22,
PRS845 expressed 4 té 5-fold more pB-galactosidase,
approximately 0.9% of total soluble proteins, than was
produced by the’ strain BWGl-7a transformed with pLG669-3Z.
The reason for this differénce is unknown.

Substitution of the UASr by the TIMP1 Alul fragment
resulted in a plasmid (pRS2102) which expressed g£-
galactgsidase at 68% of the level obtained from pRSZlOlO
which is deleted for the UAS (table 5). This result
suggested that the TMP1 Alul fragment does not encode any
UAS activity. However, pRS2102 expressed 2- to 4-fold more

B-galactosidase activity than did pRS535 or pRS269 (table 5,

79

lines 5 and\ 6, respectively). But the 1level of B-.

<

galactosidase expressed by PpRS2102 corresponds to only 5%
the leéels .of thymidylate synthase monomers expressed Dby
pTL1 (table 5, compare line 3 with line 8). This suggested

that either the CYCl1 upstream region between SglI and Xhol
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Table 5
p—-galactosidase levels from hybrid‘promoter fusion piasmids'

-

- ' - '
- e = o e * ____________ S .
. .

gﬁféin Enzyme gctiviﬁ; Relative Monomer numbers/
B-gal T.S. levels cell

1. T-845  890.4 nad  s4.52 162000 (6.75) .
2. T-2101 9.42 . nd 1.00 1710 (0.07)

3. T-2102  6.39 - nd 0.68 . 1160 (0.05)

4. T-2103  2.32 nd 0.25 421 (0.018) -
5. T-535 ,‘ 1.6 nd - .0.17 290 (0.012)

6. T-269 3.79 - nd 0.40 ' 688 (0.019)

7. AH22 nd 26 . . n/a®’ 2500 (0.010)

8. T-TL1 nd 252 n/a . 24000 (1.60)

a. The 1eve¥§ of B-galactosidase activity expressed by this
series of(gene fusion transformants are the results from
a single experiment. Each p-galactosidase activity wvalue
is the mean of duplicate samples whigh did not vary from
the m&an by more thén 5%. The experiment was'performed 3,
times and the\relative B-galactosidase levels from £he
different transformants. did notfvary significantli;

b. nd. not determined

c. n/a. not apblicable
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has information that affected TMPl expression or the TMP1l
Alul fragment contains a weak UAS.

Plasmid pRS2103 which has the Alul fragment in ithe
opposite orientation expressed lacZ at 1/3rd the levels of
B-galactosidase expressed by -p§m2102 (table 5). This
difference may be due to the existence of ‘both positive and
negative acting elements within the AluI region. This
argument will be discussed later in the discussion.

III. ANALYSIS OF THE CODING REGION FOR EXEMENTS AFf‘ECTING

EXf’RESSION

, The above results sugéested that the TMP1l upstream
région extended out to position -1800 bp could not express
lacZ at levels similar to the levels expressed by the TMP1l
gene (table 3). Oneopossiﬂﬁe explanation is that additional
information important forr expression 1is found within the
TMP1 structural region.. In fact, M. T. Greenwood found that
increasing the portion of the TMP1 N-terminal coding region
present in the gene fusions increased the level of g~

galactosidase expression. A detailed description of these

plasmid constructions have been presented elsewhere (M. T.

Greenwood, M.Sc., 1986). The pertinent portion of these
‘ _ .
plasmids is depicted in figure 14. As shown, this set of

gene fusions contain upstream information extending to —376

bp and increasing portions of the N-terminal coding region.
To extend these results, I compared the ﬂ—galactosidése

expression from the TMP1l'-'lacZ ‘gene fusions with the

expression from the chromosomal TMP1l' gene and from the

A

81
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Figure 14

82

Partial restriction maps of the gene fusions with varying

N-terminal coding régions are shown. The thin line (~—)
depicts the 5' flanking region of TMPl. The thick 1line
éegment flanked by M depicts. the Mlul fragment. The other

thick 1lined hregions (mmm) depict the TMP1 coding region.

The open box ([]) depicts lacZ sequences. The restriction

recognition sites for HindIII, MluI, Sau3A, PwvuII, XhoII,
' BglII, and BamHI are indicated by H, M, Sa, Pv, X, Bg, and

Bo'

R
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plasmid borne zgg; gene present on the multicopy plasﬁ{d

pTLl. ' This comparison was performed "byr estimating the

number -of monomersfper cell of thymidylate« synthase and g--

galactosidase (table 6). These estimations indicated that
the 1argest gene fuslon, T-759 (table 6, line, 5) produced
approx1mately 32% the levels expresSed by the plasmid boxne
TMP1 gene (table 6, line 8). It therefore seems that most,
if not all, of the information necessary for expressing TMP1

1

at normal levels is found between the positions -270 and
- »
+564 Dbp. In addition, this analysis suggests that the

84

fegion between the _112th -and 188th codons encodes:

.2

information important for normal levels of TMPi expression;
- .
IV. POST-TRANSIATIONAL, REGULATION OF THYMIDYIATE SYNTHASE
Pxevious results by M. .T. Greenwood (1986) - suggested

* »
that .inactivation of thymidylate synthase - occurred as

i‘\'

cultures of yeast enteredfstarionary pﬁase. He also found
that the hybrid Ehymidylate’ synthaee - PB-galactosidase
proteins encoded by pR8269 and PRS5759 nere ‘unstable.
Furthermore, thls work showed that treatment of yeast yirh

1nh1b1tors of proteln synthe51s (cyclohex1m1de) and electron

transportJ(sodlum azide. or cyanide) preve;ted the decay of

»

ﬁ galact051dase act1v1ty However, when cultures were

treated with only cyol ximide, a® 3ecrease. in ’pﬂf;ne
activity was seen. I now wanted to ask whether this post-
translatlonal regulatory mechanism was speolflc only to late

log,or-qulesqent phase cells (e.g. 1n\response to nutrient
‘ g | . N -
poor conditions), ok wds it a general regulatory feature

- . .

+
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Table 6

Monomer numbers from ‘the gene fu51ons ;hat contain

1ncreasanq portlons of the' N- termlnal coding ,region

____________ ¢;__________ﬁ-*___'__-___;_____-_-_-_--_
Strain? % 6gﬁl i;:zni)acgi£}F¥ %9no$2§lqumbers/
?-535,5 4.8 1.01  na® 183 (0.0076)
T-994 4 15.1 1.74 nd 316 (0.013)
T-852g 32.6 2.28 nd 414, (0.017)
T-269715  36.8 2.62 nd 476 (o.o£0)
T-7591gg9 61.8 41.83 nd 7600 (0.320)

| T-535159 4.9 1.92 @ nd 349 (0.015)
AH22 100.0 ¢ nd, 26 " 2500 (0.10)
T-TL1 100.0 nd 252 24000 (1.03) ’

subscripts indicate the‘length of TMP1 N-terminal coding

a

.region fused to lacZz

: —
The levels of f-galactosidase act%yity expressed by this

sé:ias of gene fusion transformants are the results from

a single experiment. Each ﬁ-galactosid%ée activity value

is the mean of duplicate samples which did not vary from

the mean by more than 5%. The experiment was perfpgmed 3

AY

" times and the relatives f-galactosidase levels from the

different transformants did not vary significantly.

nd. not determined

AR ! '

separate experiment which was not repeated
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o - ?6
that occurred at all stages of batch culture growth?
N . ——————— [ . N
‘Therefore, yeast cultures containing the different gene

< )

N .
fusions were gra%n to .early log-" (average Agqq 0.036) "and

midlog (average "Aggg 0.250) before splitting in half for , -

treatment with cyclbﬁeximide~'alone or with  both

. cycloheximide and sodium azide. Aliquots (9 ml) were

withdraqn to determine p-galactosidase activity levels at tg

immediately @ydor to the igpibitor'treatment. Samples were

harvested after 6 hétrs (table 7). . . 4'

-

This analysis showed that: (ii TMP1'-'lacZ gene fusions<é§ )

containing less than the first 46 TMP1 N-terminal codons
expressed hybrid proteins that were stable following the
addition of cyc{gheximide or both cyc;oheximide and azide.
Also, pYT760-r¥§3 sgtrain T-ryp3), whiqh has a random yeast
prométer. fused to- the ;ggz‘ coding region, expressed a
protein that was stable during tbo£h types of inhibitor
treatments. ' This result is consistent with those previously
obtained by M. T. Greenwood. (ii) Gene fusions, having
between 46 and’ 188 N-terminal codon;, expressed  B-
galactosidase activity that were unstable during both types

of inhibitor treatment. The fusion proteins with 99 and 112

N-terminal codons decreased 10-fold during the treatment

¥

interval while the fusion protéin wifh'188 podoqs'decreased
3-fold. From this result it appears that the inactivation
of the,pybrid thymidylate synthase - B-galactosidase fusion
proteins during éhe early part of batéh culture growtﬁ, is

energy independent. This contrasts with the results

3

|

I
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Table 7

~

Inactivation of ﬂ;éalactosidase

———————————————————— *V—MQ-——--———-————————i—-——————-———
B 8-galactosidase activity? .
stragpa Aggo 0.035C Aggg 0.250¢

N.T.9 w/ex® w/cxeaz® N.T.9 w/gx® w/CX&aze
B

T-53575 1.0 1.0 1.0 2.08 2.02  2.07
T-9544¢ 1.7 1.7 1.7+ 3.13 3.04  3.04
T-85295 2.3 0.3 0.3 4.08 0.69  0.51
i \
T-2697115 2.6 0.12 0.3 7.42 0.8 0.75
T-7591gg  22.6 7.55 ' 5.25 nd nd _ nd
T-ryp3 4.0 3.8 3.8 6.55  6.26 6.49
AH22 0.02 0.04 0.02 0.08:. 0.00  0.02

a. subscripts indicate the lengtof TMB1l N-terminal coding

L]

region fused .to lac? . ; .

b. The levels of B-gaiactoéidase activity expressed by this

“series of gene fusion transformants are the results from

a single experiment. Fach g-galactosidase éctivity value
is the mean ;f duplicate samples which did not vary from
Fhe mean ?y moré than 5%. 'The experimen£ was performed 4
times and the'rgiative ﬁ-galaétosidase ievels from the
digﬁerent transformants did not vary significahtly.

c. Cultures were grown for 20 hours in YNBDH . media
(approximately 8 generationhs) to the indicatedn Agod
before xharvesting for tg 'sample or treatment bf

inhibitors.

' ds No treatment (N.T.) by inhibitors.

t

~—
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The final concentration of 100 ug/ml ‘of cycloheximide‘

(CX) a¥one or 100 ug/ml of cycloheximide and 100 ug/ml of

Na azide (Az) were addéd to 25 ml allquot from each

'culture .and samples harvested  after 6 hours for f-

galactosidase determination.




'

»

.azide.

L o

. L A ’
obta¥ined by M. T. Greenwood who found:that these same }lacZ

°

" fusion profeins were inactivated —duriﬂg cyclbheximige

treatment but not during treatment with cycloheximide and

To further cﬁaraé£erize th}sgapparent discrepandy'I did
the following expefiments. . In 'the qirst experiment,
transformants containing the plasmids pRS535, pRS269, and
PYT760-ryp3 were érown toﬁ three different b%tch stages
(early, lqte, and stationary), and then treated, with
cycloheximide or with cycloheximide and Na azide(?%ZZie 8).
This experiment showed that }n the cultures treated when
they were at an average Agqg éf 0.030, sodium azide did not
prevent the \inactivatioﬁ of B~ga1ac€osidasg, encoded by
pPRS269 since 90% of th; enzyme activity was lost during thé
6 hoﬁrs following addition of inhibitor. Howdﬁer,‘durinq

©

\
late log (average -Aggqg ©of 2) phase, .Na azide prevented the

: . 0
. loss of p-galadtosidase activity which occurred daring
_cycloheximide treatment. The stable fusion proteins

‘expressed from T-535 and T-ryp3 remained at the same levels

following the addition’ of cycloheximide irrespective of

batch stage or presenée of Na azide. ° In the second

experiment, when transformants’ ' containing the plasmids
pYT760-ryp3 or pRS269 were sampled aﬁ early and late 1log
stages of batch growth, similar results were obtained (table

9). For the third experiment, two different concentrations

(5 and 100 ug/ml) of’cycloHEXimide and Na azide were tested,

to determine whether the high concentration of 100 ug/ml
B ~ (‘ . /

A g

- 89
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Table 8 . £
Batch culture stage dependent in?ctivatiqp of
~ ' ﬁ-galactosidase . N Ty
Strain . Aqooa‘ No g;g:%;gﬁgSldajF aCtiVIt¥:/ CX & AZ
535 o0.032 1.9 1.6 ' T
T-269 0.048 5.8 " 0.41 ' 0.75
T-ryp3 0.044 7.0 6.7 6.8
1-535  o.666. 2.5 2.1 2.,
T-269 0.878 4,84 0. 3.5
T-ryp3 0.954 4.24 4.14 4.15
-535  1.966 4.0 3.95  3.94
T-269 2.084 4.2 0570 4.17 ,
T-ryp3, 2.202 3.9 3.9 3.9
————————— e ————————— e ————————— ——
a. eggzﬂcuiiure was grown fér 20 to 23 hours in YNBDH media
- (approximately '8 to 10 generations) to ;eachf they

indicated Aggg before harvesting (no t _étment sample)
or treatment with the inhibitors indicated. r

b. The levels of f-galactosidase-activity exprlss;d'by these
gene fusion transférmants areléhe resu{@s fr%g a single
experiment. Each .B-galactosidase activity vaiue is the
mean of dﬁélicate samples which di& not vary from the

‘mean by more than 5%.
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5 ' . . - Ta—ble 9 ) ’ ‘/l'
- . Batch culture stage dependent levels of B-galactosidase .
* ' ‘ ) ‘
‘ fETEEmsTeTTET T T T T .
. 5 - a B-galactosidase activity®
] $train .A5°° No treatment w/ CX w/ CX & AZ

- S - — — — S T T SV e S G G S G D S RS S D G S G D GRS G SED IS D IS S SR S G W GmS S W W G W S G B S D e -

J T-ryp3. 0.366 5.45 5.55 5.24
P4
> T-269 0.350 3.92 0.22 0.47 :
————— -p-——--‘_-—-.-—-.-———------————_—--—-——_—-_—-————-—_

a. ZS : aliquot were sampledtﬁpom the yeast /cultures at

the Aggqg indicated. o

b. The lgvels of B-galactosiﬁase activity exp.essed.by these

- trénszmants are the results from a single experiment.
Each p-galactosidase activity value /is the -mean of.

more than 5%.
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inadvertently perturbed cellular metabolism (table 10).
° . This experiment indicated that the instability of the hybrid

tﬁymidylaj:e synthase - B-gaiactosidaée prdtein encodeé by
PRS269 is not dependeht on the concentration of inhibitors.
The different concentrations of sodium’azide used did'not
/,“brevent‘the loss of’ B-galactosidase duriné the 6 hours of

/// inhibition. o »

Together, these experiments showed that at early and
midlog phase of batch culture growth, sodium azidé*did not
preveﬁt the inactivation. of fusion proteins from T-269.
However, i&'prevented~the loss of p-galactosidase ;Etivity
— in 1late log phase and stationary phase. This' indicates
there are batch'culture staéé dependent differences between

the mechanisms involved in inactivating p-galactosidase °

expreésed from pRS269.




Concentration -(ug/ml)2 ﬁ“galac;osgdase Rélative
CX . AZ . activity® | levels
“none “none T e 100
100 none 'y 0.12 .- 4.6
5 none 0.12 f 4.6
b 100 _ 100 = o, 30 | 11.5
100 ’ 5 ’ 0.09 3.4
5 100 0.29 . 11.1
a. The final coﬁcentration of inhibitors, aéiindicated, was

gape0 P

Concentration independence of inactivation -

added to 25 ml aliquot of yeast T-269 culture.

Inhibition was carried out for 6 hours before harvesting

. ’ | -~
for f-galactosidase determination. )

[

. . \ : : '
T-269 batch culture was grown for 20 hours (Aggg 0.09

before harvesting for to sample or treatment by the .

inhibitors. Each ﬁ—gélactosidase'acﬁivity is the mean of

duplicJée samples which did notéggyy by more than 5
- '.. .~ ",
This experiment was not repeated.

5)
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D.I.S.QIIS_SIQH
A
IMB;'—'lacz gene fusions were used to localize the

regulatory regiong of the IM_EL gene. Since the ,ngz portlon

lacks trapscrlptlonal and translatlonal start signals,!

. . e
provision of these signals by the IMP1 moiety results in the

synthesis of thymidylate synthase =~ p-galactosidase

-

proteins. - The TMP1, portion of these fusion genes was

altered by deleting varying portions of either - its upstreanm
or N-terminal coding region. This approach was -an indirect
means of delineating the regulatory regions of thek IMP1
ge}xe. Tﬁe major findings of thie analysis were: (i) At
least two gig-—ecting upstream seqﬁences controlling TMPl
expression are found within 270 bp of the mg;} open reading

frame. (ii) The TMP1 gene appears to have a weak promoter.

(iii) The promoter region consists of multiple elements’ that

act in- concert to regqulate TMP1l expression. (iv) TMP1

information within the coding region can’ affect _the
expression \of TMP1'-'lacZ expression. (v) There appear to be
two distinct batch culture stage depend;ni: mechanisms for
the inactivation of the hybrid fusion protein erlleodeg( by
PRS269.
Characterization of the 5' upstream region

My anallys‘l”s began by isolating a,1.4 kb genomic DNA

che mEL 4

. fragment from upstream of the TMPl1 dgene. This fragment

94

extended from the HindIII site at -376 bp to a SphI site at

-1.8 kb.' Once this region was retrieved, it was confirmed

ta be cggtkiguous “with the' chromosomal TMR1 gehe by
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‘restriction enzyme mapping and by Southern blot analysis

(figure 2). I then cloned this 1.4 kb DNA fragment and a
800._bp portion'of'thig fragment immediately ubstream'of the
TMP1'-'lacZ gene fusions present on pRS535 ‘and pRSééQ

(figure 5). The level of f-galactosidase expressed by these

-

three new fusion geﬂé:, with the extended ‘upstream .

information® (-1800 and -1300 bps), was compared with fusion
genes which had progréssively decreasing ?mounts of 5!

A

flanking DNA (table 3). o
w /

The levels .of B-galactosidase expreséed from the fusion

genes which' extended to.-1800 or =~1300 bps indicated that’

the retrieved DNA region did not contain'information which
affected the levels' of TMPl expression during normal
logarithmic growth. This suggested that the retrieved

region “does not ‘have a role in regulating steady state

o

levels in log phase cells. However, 1t may still ‘have a
role in regulating TMP1 ‘expression in respgﬁse to other

R
physiological sighals, such as dTTP levels, cell cycle

. stage, or growth conditions, which were not tested in this

-

study. ; ° -

L)

Expression analysis/of several other TMP1'-'lacZ fusions

derived from pRS535 suggested that the upstream sequences

involved in regqulating levels of TMP1l expreésion were found
. \ ‘

within 270 bp of the TMP1 open reading frame. Within this

270 bp‘region, there aﬁpear to be at least two upstream

elements that are impq;tant ?ér TMP1 regulation. One "

element, which is encoded. within' or overlaps the region

v -

-

95
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(located between thg pos{tions =270 and —15‘9\,’ has a negative
role éi_nce when this region is deleted expression increases *
_6-fold. The other element, whichis loeated within or
overlaps the sequenc'es between positions "-1r59 and =122, has
‘a positive role since when this reg.'}on is deleted expression

. 7 .
is severely reduced (table 3). )

-

Deletion of the f.ame region (-159 to '-1202, bps) from the
TMP1 gené resulteél in a 'decreas,e~ in TMP1 RNA levels and
altered traﬁscription ir;itiation sites (E. MacIntosh, pers.

- comm. ) . This‘indicates that this region plays a positive ’
role in TMP1 expression. This together with the finding
that it 1is located upstream of the TMP1 transcription
inifiatiqn sites tentatively identifies this region as pa}t

- * of an'upstream activating sequence.

- > -

Although the region between -159 and -122 is critical’

\
for the positive activation of TMP1 expression, it may also

\
contain part of the . recognition sequences for a negative

trans-acting factor. First, the plaspid pTL35 which.is

delete'd» for all the information upstream of the -159 bp
Yosition, expressed 6-fold more ﬁ—galéctosidase activity
than PRS535 (taiole 3). [This s‘uggests there is a r;egative
glément upstream of th:e %-159 bp pos?@:ion. Second, inverting
the reqiqn between -159 and -122 bp resulted in a 3-fold
enhancement of ﬁ-gala%tosidase_a‘ activity. This seems
surprising since most UAS elements studied to date .are
‘ o equally efficien‘t in eitﬁer orientation (Struhl, 1986a).

’ One possible explanation for this'_discrepancy- is thaﬁ

. .- °
. \ : ¥ )
Lo




inverting this fragment does not affect the positiye element
but .does aalter%a negativ; elem:nt. -If this is correct. and
if the axffectiea element ‘is the 's;;ne element as the one
between -270 and -159 bps then, the negative site overlaps
the mI site at position -159. It therefore appears t»hat a
negatlve element lies upstream of the __,1._ UAS, and may
contain part of ‘its 'recognltnlorg sequences w1th1n the
sequences implicated . as encoding the .posibtive , regulator¥
region whiclr is in between éositions ‘~',-1“59 and =122 k;ps'.

The .proximityc of tﬁe repressor site and our putativ'e UAS
suggested a regulatory mechapism which invol:res competition

¢ o

between the M-acting negative and positive factors for
overlapping sites. Also, plasmid bR52103 which'cohtains the
inverted " Alul fragment, (A€xpressed 3-fold less f-
'galactosioase* than did pRS2102 which has”the Alul fragment
in the correct orientation (table 5). Thigis;&'éj\i\;‘est.d "that
the mechanlsm of repressmn is by. steric hmdrance when' the
AluI fragment |is ih the " correct orie,ntatlon and a

combination of steric hindrance and blockage when the Alul

fragment is in the opp‘osite .orientation. "~ If this’

interpretation is correct (that is, the repressor site is’

upstrea‘m of the UAS and the repressor acts via a' steric
hlndrance method), it is an inefflclent method of repression.
since représsion is 3-fold more.effective when the negatlrve
‘site is located downstream between the &1_1_;1 "re_gion and the
open reading frame. (table . 5) However, the TMP1 prdfnotef”
. appears to be a weak promoter (see below); consequently, An
‘,_ L c .
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efffig::‘_.ent‘ repres‘sion system may be unnecessary. Co
Since this study used gene- fusions that were constructed

* by simple subcloning manipulations, the exact boundaries of

‘

' tﬁef.positiQe ‘and negative‘gig-'-acting. sequences have not .been

éefined.\” This can be determined by using the exonucleases,

.3—1-31 or EonII to delete 1nformatlon from the 270 bp
flanking the y.coding region. Thls would confirm whether
there are. two distinct or ‘overlapping regulatory regions,

{a‘po“whether there are. other elements not found in this

study. Once lodalized, in wvitro mutagenesisy (e.g. linker

»

'scanning) could be used to verify that the régulatory

&
&«

guendes have been correctly idéntified. Also, their UAS

or URS factivity can be ‘stuhieg separately by cloning these

: N - s . 2 i
.regions into a gene such as CYCl, which is expressed at a

constant rate throughout the cell cycle, to determine their
effect Ol‘l another gene. ° For instance,' ¢an either or both

_ regions cauée the periodic expression of the CYC1 gene? ’

K

«The TMP1 pro}not'er directs low levels of lacZ expression !

The expression of TMPL and TMPl'-'lacZ denes were

— . compared by estimating the number of thymidylate synthase

and - B- galact051dase monomers present ‘in log pha§e cells.
d’l
‘\Thls analysis showed that the’ B galactosidase levels

I3

expressed from pRSS35 wére much lower than' the 1evels of
thymidylate synthase expressed from pTL1 (table 3). Even

deletlon of the negatlve control site (pTL35) did not

F R

Iproduce levels of ﬁ-ga t/o/s}gse (only 9%) comparable to
those of thymldylate synthase (table 3). , This suggested

i

o




Y

that the _’I_‘M_L promoter sequences present on pRSS35 did not
contaln all theﬁinformatio/necessary to pfomote normal
levels of TMP1l exprgss1qn. Together, this suggested that
the TMP1 promoter sequence pfesent on, pRS535 is inefficient
in activating gene expression when compared with TMPl gene
itself. It appears that pRS535 does not contain all the
'information’ne:cessary toéLLc_j_t normal lev'gls of expression.

Since lacZ is nqt nat:_ivce to yea'?.t', the presence of this
infomation ‘in hybrid gene fusior;s could inadvertently

affect expression at the‘franscriptional, translational, ‘or

postatranslational level. A decision as, to whether the TMP1

c

)

gene has a weak promoter awaits further analysis.
Preliminary identification of a translational activator
within the TMP1 open reading frame

The steady g’gate level ’of,ﬁ-galgctosid:—ise expression was
determined from a set of gene fusions that. "contained
increaéing portions of the TMP1 N-terminal coding/ region
(tabie 6). This experiment indicated ‘that a region encoded
at least in part ‘by the sequences between the 112th and
188th codon af the IMP1 open . reading frame contained
information which ‘enhanced TIMP1 expression. - Enhancement of

expression éppea;s to occur ‘at the postr-transcriptional
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level since deleting the genetic information between the

112th and the 195th codons of the native TMPl gene did not

affect the levels of mRNA expi‘ession (E. MacIntosh, pers.

comm. ) .

Downstream activating sequehces- (DAS) have also been

9
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found in the open reading frames of 'the glycolytic génes

Y e m =

. ph.osphoglyceratq \Einase (PGK) and pyruvate kinase (RPYK).
Their studies (Mellor et al, 1987; Purvis et al, 1987)
suggested that the DAS of PGK and PYK .influences ‘the rate of
: transcr.iption. Without the DAS, the hybrid mRNA levels were -
gpproxima{:ely 10-fold less than the native PGK vor PYK mRNA
levels. When the N—téminal coding region of PGK was
extended in the hybrid gene fusion plasmids to include the
DAS, hybrid mRNA leveis 'incrbeased‘to lgve‘ls comparable to
that expressed by PGK. These authors suggest that the DAS
of these »glyco.lytic *genes 1s a positive control site that

) acts at the level of transcription. ‘

The putative TMP1 DAS appérently acts at a post-
transcriptional level; possibly at the transiational 1e1e1.

-

Regulation of gene expreséion at the translational 1level

[

=_=1

N occurs for the yeast GCN4 (Hinnenbusch, 1984; Thireos et a

[

i984), and the human' thymidylate ‘'synthase (Sumiko et al,
1987) génes. However, the locatior;‘of the cgntr‘ol gequences
implicated in the regulation of thesé two genes is found
X " within the 5' leader sequence of the mRNA. The 1océtiqﬁ of
a positive eiement within the open reading frame of the TMP1
gene, which acts translationally or post-translatichally, is

a novel observation.
If, the TMP1 DAS acts translgtionally, enhancement' of.
TMP1 expx;ession cqﬁld be mediated by a factor affecting
translational elongatiqﬁ. This putative ;_z;ggg_-act\ing' factor
o ' could interact with thyminé nucleotides, he‘.g.. dTMP or A4TTP

L3 L] }
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or both, as cofactors and be allosterically mo‘dified to
affect translation oi.; mRNA. This could bé anotﬁer levei of
regulation to ensure the appropriate 1levels of thymine
nucleotides. Support for this hypothesis is suggested by E.
Calmels findings (M.Sc., 1987) which showed that relati;re to
the u‘n‘trans,formed train AH22, a pTL1 transformant produced”
about 40 times morg mRNA but only 10 times more thymidylate
thése activity. Tlc'xis _hypothesis could be tested by‘'vw
conktructing a pRS759-1like ..integrant (pRS2107) and
transforming this strain with tﬁe TMP1 gene on. a high copy
nugber plasmid. Reduction of p-galactosidase expression,
Wwithout reduction of mRNA levels, wheénh the strain harbours

\
many copies of the IMP1. gene . would suggest that the -

translational acti\;ator is titrated oNut/ by the additional
cobieé of the TMP1 gene.

Periodic e'xgress‘ion of TMP1 is independent of geno'mic R
'lgcation. and an ARS element

‘ To cox;firm that the _sequences ne‘cessary for periodic
é;cpression are found within the 270 bp 5' flanking region,
anzl llmt due to some fortuiteolls juxtaposition of seguences,
the 2 micron plasmid sequencé that -conferred autonomoué
replic'ation. in yeést was removed. (Russell et al, 19'86) .' The -

re'é.ul_ting integrating plasmids were then targeted to_either

" the TMP1 or the leu2 chromosomal locus (fiqures 8 and 9).
. The site of ‘plasmid integration and the number of plasmid
coﬁies‘ were confirmed by Southern analysis (figures 10, 11

-and ;2)." A comparison of the f-galactosidase activity )

b A
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expressed from the leu2 integrants with the TMP]1 integrants
suggesteéj that "the integrants with the TMP1'-' lacZ gene
fusions ;tJ the leu2 locus expressed f-galactosidase at lower
levels (table 4); Although exp‘ression‘"‘was lowered, the B-
galactosidase was expressed periodically ?uring a
synchronized cell cycle (M. T. Greenwood, M.Sc., 19186; R. W.
Ord, Ph.D., 1987). Therefore, tfpe information /specifying
cgll cycle dependent expression is located Withi;] the =270
bps flanking the TMPl1 open reading frame,\ and is not

\ " dependent on genomic logcation. _ This 1is consistent with
‘Hereford and Osley's finding w'h‘icn showed that a H2A'-'lacz
gene fusion, when integrated at either the TRT1 or leu2

locus, was’transcribed periodically (Osley et al, 1986).

They also found that the level of p-galactosidase from the

gene/&ﬁsion at the leu2 locus was at least four-fold lower
i .
than-that found when the gene fusion was present at the TRT1

/
i

locus (Osley et al, 1982).

between positions =376 bp and -270 bb'

conflicting results were obtained for the r91e of the

\ © region between ~376 bp and/=270 bps. First, the analysis of
\ ‘ integrants harbouring disrupted chromosomal IMPl genes
suggests tflait this region is important for TMP1l expression

(table 4; P. Poon, per;s. comm) . ‘That". is, when the levels of

thymiaylate synthase aétivity expressed by the integrants

are compared with thaf expressed by the untransformed strain

~‘AH22, it was found that disruption of the IMP1 gene at




’

)

position -376 (RS561) did not affect éxpfession while
disruption at position -270 (RS456) reduced expression at
least 4-fold (figure 8; table 4). This result suggests that
the region ﬁetween the positions -376 and -270 is important
for IMP1 exéression.

On.the other hand, both tﬁe plasmids pTL30 and pRS535
expressed p-galactosidase at the same level although pRSS35
contains this information and pTL30 does not (figure 6,
table 3). Tﬂis result suggests that the region between

-376 and =270 is not important..

This apparent discrepancy may be due to context effects
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produced by having different sequences adjacent the T™P1

gene in the integrants RS561 and RS456. Also, the sequences

adjaqent to the position =270 in the autonomously

Eeplicating plasmids, pTL30 and pRS535, are different which

ould affect TMP1l'-'lacZ gene expression (R. Ofd, Ph.D.,

1987). One approach to ryesonlve this controversy is  to
cohstruct) another TMP1 integrant which has =the same
sequences next to the TMP1 gene as in RS561 but is missing
- the region . between positions -376 and =270 bp.  If
thymidylate synthase activity expressed by this strain is
lower than the activity levels expressed by ﬁsésl or AH22,
this would indicate that th£§‘reQion is important for iug;

[+

expression. '
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synthase activity

The results rpresented here suggest there are two
distinct mechanisms = inveclved. in inactivating thymidylate

synthase. During the} early to midlog stages of batch

culture growth, there is an energy independent inactivation

of the hybrid thymidyiéte synthase = p-galactosidase
enzymes, while in the 1later stages of batch growth
inactivation is energy dependeEE/(tables 8 and 9).

M. T. Greenwood found that as yeast cultures entered
sﬁ?tionary phase' of Dbatch cultufe growth, thymidylate
synthase Aecayed at a faster rate than did the bulk cellular
proteins. Also,‘\ns~§ound that hybrid thymidylate synthase-

B-galactosidase proteiné containing more than 46 aﬁino
acids of fhymidylate synthase N-terminal region were
#nactiyated by _.a mechanism thas required energy (M.Sc.,
1986; Greenwood et al, 1986). Therefére, he proposed that

thymidylate synthase may be inactivated by the ATP-requiring

ubiquitin proteolytic pathway.(ciechéhover et al, 1984).

/;f this is the case, it seems unusual that there would

also be an energy, independent inactivation operating during/“

the early to midlog stages of batch culture growth (tableé

8, 9 and 10). This mechanism appears to predominate du;i;g
the early phases of logarithmic growth. One po;sible reason
is that this type of proteolysis may be specific for the
inactivation of those proteins whose levels must “fluctuate

during the cell cycle. 1In addition, the polypeptide region

s
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betwee /the s6th and 112th amino acids of thymidylate
synth,aZe appears to contain the 'signa'l(s) for inactivation
by /both the energy independent and dependent mechanisms
(£table 7). A decision as to wbether there is one or t<vo
distinct regions which specify instability awaits further
analysis. \
Cell czcle‘regulatign

The TMP1 message is periodically expressed during the

cell cycle (Storms et al, 1984). Since the periodic

\

regulation of gene expression. occurs by controlling
=]
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tra—nscriptiOn (0sley and Lycan, 1987; Nasmyth et al, 1987a;

Nasmyth et al, 1987b), at 1least one of the factors

interacting at the promoter regibn could modulate TIMP1

)

tran'scription/ in a ell cycle dependent fashion. The

putative repressor .and/or activator mentioned earlier are

/

possible candidates for this role.

Interestingiy, transcription of TMP1 occurred during the

refeeding of stationary phase cells in the presence of the
prot/:ein synthesis inhibitor, cycloheximide (éalmels, 1987).
Oné interpretation is that the positive factor JL.s expressed
‘c/onstitutively while the negative factor is synthesized
periodically. A possible reason is that a basal level of
th{rmidylate synthase is needed to synthesize ATMP for other
ceilglar processes such as pNA repair. Furthermore, the
MluIl féragment has two redundant sequences 5'-TGACGCGTT-3 J

which are also found in the upstream regions of two other

cell cycle regulated genes: CDC9. which encodes DNA ligase



106

({Peterson et al 1985) "and ¢DC8 which encodes for

=
\ (4
w

thymidylate kinase (White g;lgl, 1987). ' Since these three
genes are eépressed coordinately during the cell cycle
(White et g_li, 1987), this sequence may be important for '
signaling a *common factor involbed in their 'coordiﬁaté
control. |
The TMP1 mRNA decreases to nondetectable levels during

stationafy phase. Other cfitical ;ﬁégg-acting factors such
.as a TATA binding fac£or or initiation factors could be the
components that disappea% during stationaryw~phase Aand
coﬁsequently, no TMP1 gﬁﬁguis detected despite the presence’
of the positive factor. —An‘altern%tive explanation is that
one, or more than one, component of the transcripfion
machinery is reversiblf inactivated during stationary phase.
This would suggest that cells reactivate the transcribtion
machinery following refeeding.

Further Experiments

The results presented here suggest at least two trans-

aiiigg factors would bind DNA in the 270 'bp sequence ‘
. 'upstream df the, TMR1 open reading framg: One factor has. a
positive role and recognizes DNA sequences within or
overlapping the region between -159 and -122 bp, while the
other factor has a negative role and interacts in the region
between -270 and -159 bp. Thesé two regions were required
) for specifying normal TMPl'-'lacZ expression (table 5).

Since these factors interact in the region upstream of the

open reading frame, their role in requlating TMP1l expression




is most likely at level of transcription.

Since the regulatory regions have hot been ic_:lentified
p_xjecisely, further experiments should be pefformea to define
their DNA recognition sequences. These regions should be
localized more precisely by deletion analysis, linker
' scanning mutagenesis, and in vitro mutagenesis. Deletion
analysis and linker scanning pmtagenesis.;= would define the
boundaries of the regulatofy regions, while in wvitro

——

mutagenesis would define the critical nucleotides within the
regions that regulate TMP1 expression. The upstream regions
defined by this analysis are potentially the DNA binding

sites used by the trans-acting transcription factors to

regulate TMP1l expression.
Two biochemical approaches can be used to verify whether

the DNA sequences identified are sites where proteins
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interact with the TMP1l gene. One, approach would utilize the:

gel retardation assay. Although this approach does not
identify the'exact‘ sequences which are important fof the
"binding of trans-acting factors, it is ﬁseful for
ldetermining whether the .DNA fragment has sequences which are
Lound by DNA sequence specific bindiﬁg proteiné. Once éel
r;eta;*dation‘ has established that proteins’ interact with
thgse regions, methylation interfeﬁence experiments can be
used to define the séquences whic;h interact’ directly with
‘proteins. A methyl?ion protection study would determine
tihe’ G and A residues .winic':h make contact with the DNA

sequence specific protein.
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The localized regulatory regions can be used as
."substrJ;tes" for the purification of t_x;gng-acting factors
usi\ng DNA-affim.ty columns. By covalently linki‘ng the DNA
fragment to the -matrix 'of an affinity ’oolumn, the DNA
sequence specifio protein in a crude .extract which binds the
.DNA fteginent will be selectively purified. Onceipurified‘,
the proteln can be used to produce either polyclonal or
monoclonal antibodies. These antlbodles can then be used in
conj'uﬁction with an'E. coli ex/p/re551on library of yeast
genomflc DNA to clone the gehes encodlng for the DNA blndlng
fact‘ rs. ‘ '

,/ I feel these are the next Tmportant /exp‘eriments for

understandjpg the regulation of the TMP1 gene.

i
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