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ABSTRACT -

3

Sequences Affecting the Expression of the Escherichia, Coli
LeuB Gene in Yeast

Sheida Bonyadi

The physical location of a gene in relatlion to other
¢

L4
genetic material may influence its expression. Varlations
in the expression-of a gene .as a function of changes in its
genomic location are called "positijF effects". It was

previously shown that the functional expression of the_

Escherichia colil leuB gene in Saccharomyces eerevisiae, was
‘subject to "position effects". This thesis characterized
the ability of specific yeast QNA sequences to affect leuB

fexpression in a "position effect" dependent manner .
t v." y o
The major findings of fhis report are : (%) A second
: promoter upstream of. a promoter can prevent its expression
in yeast. (II) The ability of a second promoterrto prevent
expression is dependent'upon 1ts‘or1entation, that 1is, it
has no effect.wﬁep directing transcription away from the
downstream promoter but it abolishes expressioo when
directing transéription towarés it. (I1I) The insertion of
:3a yeast terminator sequencerbetween ‘two promoter sequences

restores expression from the. downstream promoter.
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. INTRODUCTION
~ &>

Several studies have shown that gene expression can be
dependent updn genomic locatlon. The genomic location
dependent expression of a gene is termed "positlon
effect". Although several authors have described "posltion
effects", the molecular mechanism underlying this phe*Lmena

is not clearly understood.

)

This introduction is divided into three settions. /K
the first gection I will explain how postion effects were
first recognized and'di?fgrentlated from othef mutations
whic@caffect gene expression. I will also review the
literature relating to the analysis of the mechanisms
causing gositlon effects. In ;he seéond sedtion‘I will

déscribe some rgggft(gxperiments‘wh;éh\Q?ve‘utilized

thods to study position effeats. Finally,

:‘in %he third section, I will provide the backgrod%d data

for my own thesis work and pfésent the rationale for the

‘experiments I have performed.

_I) POSITION EFFECTS ’ - T

!

" (a) Chromosomal Rearraﬁgemeﬁts Cause Position Effects

By 1950, it was clear that certain Drosophila

melanogaster mutants resqlte& because ‘a gene's position was

' changed (Lewis, -1950). Lewis investigated a series of

- ! ' " A4
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Drosophiia mutants which affected a number of loci

including thoqe.ipvolwed in the development of eye cqlour.

Hé examined allarée number of Drosophila genes that

were known to demonstrate a mosaic/phenotype when genomié
rearrangements resulted in the close association of these
genes with heterochromatin. In‘Drosophila, the gene

s~

responsible for the development of eye colour is carried

on the X chromosome, and red eye colour is considered

= I —

normal. One example of a position effect -associated .

between

with a ggnomic rearranggment resulted from a tr;nslocation
/Che fourth and thé X chromosome. This t;anslécation
resulted in a white variegated eye colour morphology.
Cytological analysis of this‘aatant showed that the
heterochromatin portion of the fqurth_chrqmosome had

been fused to euchromatin of the X chromosome. Furthermore,

~ he showed that often other genes in close proximity to the

péint of rearrangement were also affected. Lewis concluded

that these qncomhoh forms.of mutations, termed "varlegation

I

of & genéﬁ were intrachromosomal phenomena, and were not
due to structural heterozygosigy. Aithéugh the underlying
mechanism responsible for the observed position egéects was
not.clég;, he}pgstulated that sg;cific portions of
heterochromatin material influenced the vaziegaFed

phenotype. ~ . o
b ’ N ) 'e
In 1956, McClintock reported on cértain heritable

»
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alteratjgns in maize which were clearly assocliated with. . )

chtomosomal rearrangements.. She hypothesized that these

- v [

chromosomal rearrangements resulted fgom the actlion of two

elements, Lhé”aTEchiation eleﬁgnt (Ds) and the activator

@/

factor (Ac). Thg Ds was responsfblé'for the chromosome
. L) s
breakage that gave rise to translocations, inverslions,

deletions, and ring(shromosomeSu The Ac element Wwas

necessary for the activation of the Ds element. Not only do &

these genetic elements (Ds and Ac), when present together,

"~ Y, y

cause chrgmoéomal rearrangemehts but they bring about

changes in gene expressipn, because the genomic environment

adjacent to‘ggnes i1s altered.

(b) Insertion Elements Cause/?oslfion Effects

in E. ggll‘fhe genes for the enzymes catalyzing the
three reactions which convert D-ga&actose to.,.glucose-6-
phosphate are closely linked. Furfheimoie, these three
genes are part of a single operon.(Kalckar et al, 1959).
" The three genes are coordinately inéuclble by D-galactose. ‘ %
Sadler et al (1967) %hoged that a class of spontaﬁeous

mutants which mapped near the gal operon had extreme polar

.

effects on the expression of the genés distal to the

. Y
.

mut;%ed region. Q}ose examination of these mutants showed

that they were not due to base substitutions, frameshifts
or deletions. Eﬁentually, density-grédiept analysis

(Shapiro et al; 1969) of lambdg'transducing phage, cafrylng'
NN i v .

L]
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these extreme polar mutatlions ‘and the wild type gal operon,
found thit the phage cSrr;;ng the polar"mutatio;~had higher
densities Yhan thi/bhage which carried the wild type
galactose operon. Thus 1t was concluded that additional DNA
had been inserted into the gal operon and was responsible
for Fhe sérong Polarjty and_the unusual genetic properties.
Similardmutétiogg we;e repvrted in the E. ggli lac operon '
(Malamy et al, 1972). Fiandt et a1? 1972, showed that

insertiens or transposable genetic elements can integrate

into the E. coli lac operon in eith&r orientation and"
hig

consequehtly affect the expression of the adjacent gene(s)
’ -’
in a polarity dependent fashion.

. o . -

(c) Position Dependen& Gene Expression and Cell

-

Differentiation

Se cerevisiae haploids normally exist in one of two

mating types calf%d "a" “@nd "alpha". The matiné type of)a

+ haploid cell is détermlned by-a sindle locus which is

located near the cent ere of chromosome III and is called

“the MAT locus, The MAT locus can exists in two forms, MATa

and MATalplm. Although there is only one mating type locus
per haploid genome, normal wild type habloids.can change

mating type as pften as gpcé per celi generation. This

7
altgrnation of mating type is refered to as mating type

interconversion. Studies on mating type intercenversion in

S. cerevisiae (Hicks et al.,‘1977) introduced a new

-

L $' ..' .



mechanism of eell differentiation, which inQolved position
dependent gene expression. This worf showed that additional
silent copies of the ;atinggtype locus, called HMLalpha and
ﬂggg,'were'present near the left and right ends of the same
chromosome.(III) that contained the expressed MAT locus.
These silent copies of the nating type .locus which encoded
"alpha" and "aW tell types respectively, are activated only
after transposition to-the mating type locus (MAT) This
[

suggested that the expressed locus has an additional

essential element which leads to the expression of the

A
-

adjacent information. Alternatively, the silent coples
“contain additional information which prevents'their
expression. Although the mechanism Lndolv%éﬁiés not‘cle.a'\tllly‘~
underFtood the authors propdsed that another gene, the HO

genef behaves like an activator of the silent HMRa and : ’

R
HMLa ]l pha seguences Activity of the HO gene causes
EON
trangposition of the distally located silent copies into the
3

MAT ocus4_g9nsequent1y replacing the resident mating type -

gene. ‘Therefore, mating type interconversion is an example

20f how gene location can dramatically affect gene expression.
~ .X

(d) Transcriptional Jnterference

‘"Transcriptional interference" has been proposed as 1

the cause of position effects seen in avian retrovirusess

N\

(éﬁlIen et al, 1984). Such interference is bellieved to’
+ . L .

",L -

~ be due to the presence of extensive overlaps between

5



reglons involved in the initiation and terminatfon of

‘trahscripts expressed-from the integrated proviruses. In°

) -

the presence of a transcriptionally active upstream 5
LTR (long terminal repeat), the downstream 3' LTR of an
integrated provirus 1s unable to act as a promoter of

transcription. To study this observation, proviral clones
|13

were constructed in which the upstream and downstream LTRs
» :

could control the transcription %f genes whose level of

expression could bé detected and measured independently in

’

.transformed avian cells. The results showed that clones in

L
which transcription from the upstream LTR termlhated before

reaching the downstream LTR, showed a large increase
in transcription promoted by the 3' LTR. Therefore, 3'.LTR
activity was subject to position effects exerted hy the S'

LTR 'in avian retroviruses.-

In addition to the classic promoter elements such as
the polymerase binding sites which aré immediately '5' to
the gene, more recent emphasis on defining transcriptional

regulatory ngnals haa'revealed a set of promoter elements

N

'such as enhancer elements, and upstream activating sequences

which cause position like effects.

Berioist et al, 1981, showed that the A+T rich
region known as TATA box or Hogness box in eukatyotee and

\, a v A N

lts analogue in prokaryotes, the Pribnow box, was essential

L
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for precise initiation of transcription of WO early i

.genes. However,'removaf of sequences upsStream from the TATA

region abelished gene expression. These results showed that
S a tandem repeat of 72 bp, upstream from the TATA box

‘rr ” {now known as the enhaneer,of activator element), was

essential for the transcriptional expression of the SV40

- . early genes. Furthermore, Banerji et al, 1981, showed

’

.that the expression of cioned rébhit Beta-globin was
ingsreased 200 fold when the 72 base pair enhancer element

- from SVSO was cloned adjacent to it. This element was able
to* Increase the effielency of transcription Independent of
,itg orienta%ﬁen ah% its posdhion (ie. 1400 bp upsh;eam or
3300 bp dphnstream from the beta—qlobin éene

'

trénscriptional initiation‘site).

Similar to the enhancer elements found ln higher

eukaryotes, are the upstream activator sequenceg (UAS) <

~found ‘in" yeast. These elements act over long distances when
placed upstream from the tr?nscriptional initiation site
(Struhl et al, 1982). Deletion of a gene's associeted

UAS element leads to poor transgripticonal expression of the_

. | gene. Experiments performed by Guarente, 1983, on the .
/ ’ 13041—cytobhrome c (gYC ) gene“of yeast, showed that

~

’ deletion of a repeated DNA sequence (UAS), centered about
275 bp upstream from the transcriptional "initiation sites,
. results In approxégately a 200-fold decregse'in the -

-~

)

v
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expressiog%of the CYCl gene. Furthermore, snbs;itution of
the CYC1l UAS with the GAL10 UAS restored CYCl expression.

Detailed experiments by many researchers have shown that

o

UAS elements are involved in gene regulation. Located -

adjacent to a géne they not only optimize the
transcriptional efficiency but also regulate gene

expression at the level of transériptign.

—

Another example is the regulatién of the yeast GAL1l and
GAL10 genes by their UAS. In Sacchatomyces cerevisiae, the

e

GAL1, GAL7, and GAL10 genes (which encode the enzymes for

)

utilization of galactose)‘ére located near thé centromere of

chromosome II (Bassel et al., 1971). The GAL1l and GAL10

N

genes are separafed by approxlmatery.GOO base pairs of
spacef'pNA. This -spacer DNAlcontains sequeﬁces which have
' been identified as the GAL upstream activator sequence .
?:>T (UASG). These two gene are divergently transcribed (st.John
et al., 1981). Deletion mapping‘experiments pe;formed‘by. -
—West et al., 1984, showed that a 75 bp nucleotide semm
located approxithately in the middle of the 600 base pair :

intergene region, idéhtif}ed as UASG’, was equally

essential for maximgllactivity of both genes. They
concluded that a 15-bp dyad-symmetriéal sequence and a‘
second 15-bp dyad having partial homology to the .first,

within the 75 bp UASG', was the biqdiné site for GAL4 gene

hY

prﬁg:ft which.activates,éxpressloﬁ of both the GALl and

1 . . -

\
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GAL10 genes. Therefore, the effect of.these elements,- le.

enhancers and UASs, oh gene expression is reminlscent.of

\

position effects.

ITI)POSITION EFFECTS RESULTING FROM DNA CLONING

A positién effect can also be caused by cloning,
adjacent to oné anofher, molecules  of DNA that are not
us"uall‘y juxtaposed. Struhl (1981a) reported position
effects resulting from DNA cloning experiments wﬁfch

" 1nvolved cloning of the yeast TRP1 and HIS3 geneé

adjacent to one another in a yeast shuttle vgctor.

- —-——The resulting plasmid yRP7-Sc2715 carried thé ehtire yeast
TRP1 gene and-the HIS3 gene from which the promoter region
wés severed. On thlis plasmid the two génes were-clonea in

\opposite grientation, having thelr 5' ends adﬁacent‘fo a

375 base bair fragment of the vector spacer DNA.. When this, -

plasmid was Iintroduced into a yeast his3, trpl strainj the

transformants_showed°§ His , Tp qphéﬁotype._ﬁowever{
another plasmid, yRP7-Sc2715' which carried the HIS3 .

containing fragment in the opposite oriéntat]on, reading
.t T+ - C
towards the TRP1 gene, -conferred a His , Trp phenotype on

the fransformants._The‘results suggested that the -vector

» sequences on YRP7-5Sc2715' affected chromatin structure Ld
such a way that allowed the cloned HIS3 DNA fragment, which

~lacked the 51 end, to be expreésed. The results on the

LN

orientation'dependent expression of the entire TRP1

N -
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ger®; also suggested the involvement of chromatin structure

.
!

in expression of this gene. TRP1l gene was not expressed

when transcription of HiSB fragment was ' reading towards the
TRP1 gene on yPR7-Sc2715'. Therefore it was cgncluded that

both HIé3maﬁd TRP1 were subject to position effects.
‘ )

A

’ .
III1) POSITION DEPENDENT EXPRESSION OF THE ESCHERICHIA COLI

LEUB GENE IN YEAST . .

This thesis describes a series of experiments which
attempt to determine ‘both the sequences and the mechanism

responsible for the pésitibn dependent expression of the
b 'y

Escherichig coll leuB gene in yeast. To provide the

- "

n#cessary-baquxgund, I will bniéfly describe what was
kgoyn ébout the expresslon of leuB in yeast befor§ I .
. syarted the research repogted here.\
- The gé\ggllvleué;ne operon consists of four geneés,
. leu A-B-C’ and D. A lesion iﬁ”:He leuB ééne abolished
expréss}on of_the enzyme Beta—iéopropxlmalate dehfdroéénasg
(KessTet et al, 1969). This enzyme catalyzes the
oxidative decérbox}lation of beta—isop:opxlméiaée to form~
alpha-keto-iéocabroic acid, an intermgdiaté in the ' j/
biésyhthesig'of leucine in both é;_éggl qﬁdtyeast ’
(Rgtzgin et al, 1977). Indygast this énzyme is the product

of the LEU2 gén§ (satyanarayana et al, 1968).

'
'
\ 4 4
r
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Gehetlic complementatlon of E. coll leuB mutants 'by the.

yeasb LEU2 gene (Ratzkin et al, .1977) suggested that
el ér the.same or - similar transcriptional conﬂrol signals

W re‘recogni;ed by both E. coli and 8. cerevislae.,

/ \1 - '
/ Alternatively, fortuitous. transcriptional and translational

information adjacent the yeast LEU2 gene were utilized by '~

9

. Since'tne LEUZFgene of S. cerevisiae could complement

E. coli leuB mutatjons, the leuB gene of E. coli might be
-T— N <

functionally expressed in yeast. Storms et al (1981)
showed that the 1&uB gsne could be functionally expressed
in yeast. Howevez)afunctional expression of tﬁe,ieuB gene,
within a shuttle vector, was dependent upon the orientation
of the E. coli DNA éncoding the leuB gene. Therefore,

'vector sequences adjacent the cloned leuB gene were

- - A

affecxing “its expression in yeast The structure of some of

x
[

the plasmids used in these earlier studies arie presented tn

Figure 1. The results of the orientation dependent

expression of thexleuB‘gene are similarAto those reporked by

- a , . -
Struhl, 1981 tsee above). These results suggest two -

X
*

possible explanatlons: (I) Vector sequences encoding

o

-~ o,

elements essential for expressio? are appropriately

positioned in pEH?S but not in pEHZé (LI)AVector-sequences '

encoding an element preventing expression are appropriately

positioned to. prevent expressipn in pEH26 but not in pEHZS

£

-~ -

.
LR
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‘ Figure }

r
N > N

Structure of plasmids pEH25, pEH26 gnd pRS27 (Storms,

1981). Regions with vertical lines represent‘pBR322 DNA.

AP represents-a functional ampicillin resistant gene, TC'

‘zepresents a non-functional tetracycline resistant regign.

‘genes of the’

ay P

The arrow indicaﬁ%s an intact Tc promoter and’the direction
of.transciiption from this promoter. Regions marked by" two
thin lines represent yeast plasmia 2-um DNA, A qinglé thick

3

line represents the E. coli leu BNA. A, B, and C represent

.col\leucine bperon; ard D' represents

truncated @~¥and D ge¢nes. The pdsitiop of RCORI, HindIII,
, >
and BamHI rest ion endonuclease sites are indicated by *

'E, HS and B, respectively. The ability of yeast

t:ansformahts to express the plasmid borne leuB gene |is
indicated by le"u+ and 1eui, r;spectively. Tﬁe size of each
plasmid is presented 1n kilobases (;Lf.'(a) pEH25 carries -
ﬁheMQngglggleucine.operoﬂ,rflagked bfiggmﬂl restriction
sites. (b) PEH26 is tdentical with pEH25, except for the
orientation of the leucine ;peront,KCQ pPRS27 is derived

from pEH26 by removing the MindIII frégment 5' to the

leucine operon.

12
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To determine which of these two explanatlons was correct,
the sequences upstD§g§{froé~the leuB gene on plasmid pEH26
was removed. This was done by deleting the HindiII £r§gment¢
The deriJeq_plasmId was pRS27 (see Fig. 1). ElasmidépRS?7 4
was able te ﬁransfgrm yeast Etrain AH22 to leucine, .

prototrophy. This suggested that sequences upstream ‘from the

leuB gene were able to prevent expression and that these

.sequencfs were deleted or inactivated by removal of the

HindIII“f:agment. Nevertheless, it remained unclear what
seqyences were responsible for the position dependent
expression of leuB ;ﬁ yeast. The objectives of‘theJ;esearcH
presented -in thigy thesis were two fold: (I) To g%gt the .
abililé of knodgj;east\sequences to alter ;ggg expressjon’ip

a position dependent fashion. (II) To detErmine how these

~

A ] -—

\ .
seqguences were able to alter leuB expression.

Y

& . A E . . e
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. - . MATERIALS AND METHODS

Yeast and BacteriaT“%trains;§§~

ke e o
The S. cerevisiae straihg used were AH22 (can-1, leu2=+-

L

3, leu2-112, his4-5-14) and LL20 (leu2-3, leu2-112, his3-11,

his3-15) from G.R.Fink (Cornell University)% and LL20-15

(trpl, leu2-3-112) from R.Ord (Concordia Unliversity).

The E.coll strain.used was JF1754 (hsdr, lac, gqal, metB,

leuB, hisB436) (R.K.Storms, 1981).

1 ,

Plasmids ) J

ThevprevioUSly constructed plasmids used were pRS83,
pYF91 and yRP7 (Table 15. Plasmid pRS83 is‘derived from r
piasmid pYF85 Kstormsnet al., 1979). pYF85 is a pBR322
derivative carrying poition of the yeast 2—um circle DNA.
pRS83 is capable of replication 1éﬂpoth E.coli (because f{t,

y
contains pBR322) and yeast (because it contains the'3 6

»

Kilobase EcoRI fragment from the 2-um yeast plasmid)
Plasmid -pRS83 carries a HindIII-BamHI fragment fzom the
E.coliuleucdne operon, which encodes the leucine reglon
informationm for B and c d:nes, and truncated A and D

4

(1.e. leu A'B C D'). This plasmid also containsman 850 base

pair HindIII fragment which harbors the 3' end of the yeast

HIS3 gene, along with the yeast DED1 promoter region (see

Fig. 2a). Plasmid pYF91 is a plasmid derived from pYFBS

v -
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1 ' J Table 1
‘ a < - f b
plasmids features source
pYF91 pBR322 0Ori; yeast 2-u£, Storms et al
and yeast LEU2 gene (13.4 Kb). _ ~ (1979)
YRP7 pPBR322 Ori; yeast 2-um, Struhl et al
and the yeast .TRP1l gene. (1981 )
: b
pRS83 pYF85 Ori; and E.coli leucine Storms et al

operon (4 Kb, A'B C D'), yeast HIS3 (1981)
5' end, and yeast DEDl1 5' end

(Fig. 2a). :
PRS87 pYF85 0Ori. Tdentical yith pRS83, Storms et al -
’ ) except for the orientation of the (1981)
v leucine operon (Fig. 2a).
pSB11 pRS83 Ori; and the yeast TRP1 this study
gene from yRP7 (Figq. 2b).
pSB30 pSB1l Ori; and they both lack the this study
pSB20 yeast DERl 5' end (Fig. 2b).
pSB151 pSBhO Ori; and the yeast LEU2 this study

S'end from pYF91 (Fig. 2b).
pSBil 2 pSB30'0ri; and it is identical to this study
pSB151, except for the orientation
of the yeast LEU2 *(Fig.2b).

K]

= - » . A - l s

e

a/ Features pertinent to the search presented in this thesis.

b/ The references give dgtailed description of the plasmids
7 listed .

¢ . ‘.



by insertion of the yeast LEU2 gene (Storms et al,
1979.). Plasmid yRP7 contains pBR322, the yeast 2-um circle,
b .

and the\yeas% TRP1 sequences (Struhl et al, 1981 ).

'The plasmids constructed for this. study are pSB11,
o pSB20, pSB30, pSB12 and pSB151 (Fig. 2b, Table 1). Plasmid
pSBll was constructed by insertion of the TRP1 gene from
YRP7 into pRS83. Plasmids pSB20 and pSB30 are derived from -
pSBll, by excision of the yeast DED1l proﬁoter region.
Plasmids pSBl12 and pSB151 are derived from pSB30, which
carry the yeast LEU2 promoter region from pYF91l. These two

A

plasmids are ldentical except for the orientation of the
e ‘
inserted LEU2 promoter region. .

QEDIA

YEPD, rich mediym, consists of 2% bactopeptone (DIFCO),
1% yeast extract and {4% glucose. 2 x YNBD, selective medium,
consists of 1.34% yeast nitrogen base (without amino aclds,
Difco), 4% glucose and 10 -ug/ml of the requiied amino 251ds'
(0sley and Herefora, 1981). LB broth consists of 1% bacto-
tryptone, 0.5% bacto—yeaét extfact, 1% NaCl, 0.002 M Mgso4,
0.0001 M CaCl2 and 0;23 glucose.

» GROWTH @F YEAST STRAINS | | .

‘Strains were grown at 30.C in an incubator room, in 25
mls of medium in a 250 ml side armed flask. Adequate

aeration was maintained by vigorous shaking and the use of



0

A2 and

cotton plugg fof closing of the flasks. For routine gréwth,
cells. were grown in minimal media (2 x YNBD) plus the
<Z>£gqu1red amino acids. A saturated 2ml overnight culture (1
2 X 108 cells/ml),'was used to inocu}afe éé ml o; medium at
apprdf{hately 1l x 105 cells/ml, and the growth of the
culture-was folfowed by measur ing iturbidity with
a Klett colorimeter. All strains were maintained on 2

x YNBD megia plates with the required amino acids (2%
A

&

\ agar), with routine restreaking to confirm phenotypes.

o A
» YEAST TRANSFORMATION

: Yeast cellé were transformed with plasmid DNA, uéing
\\ :
the LiCl npethod ({ﬁo et al., 1983). Late log phase cells
) ' 7 R
’ » , (approximately 2 x 10 celI%le), grgwing in YEPD media,
' ~ , :

were harvested by ‘centrifugation, washed once in TE'(l mM
. & EDTA, 10 mM Tris-HCLY pH 7) and resﬁspendéd in Tﬁ at abont 2
X 108 cells/ml. An equa} v%lume of cells and of 0.2 M LiCl
Qére mixed together\gsd the mixture“was incdbated for 1 hour
in & shaking wat;r bath, at 30°c. Plasmid DNA (1-2 ng) was
theﬁ?addfd and the cells weéeuincubated at 30°C for-30
minutesﬁ\pﬁe cell samples were diluted with an equai volume
- of JO0% polyethylene §1ycol-4oap (J.T. Baker -Chemical Co.)
_ . | and incubated at 30°C for 1 houry&wdthﬁyt shéking. Samﬁles
were washed twice with distilled d:ioniéed water, and plated
-

on selective media at about 1 x 10 cells/plate. After 4 to

5 days of incuﬁatlon at 30;0; distinct colonles appeared.

“

" . : - '



* 3
Transformation frequency was usually greater than 10 /ug of

DNA.

E. COLI GROWTH AND TRANSFORMATION

E.coll strain JF1754 was trangformed using the CaCl2
method (Mandel and Hiéa, 1970). Transformants were selected
for by plating on LB media containing either ampicillin or
tetracycline ét final concentrations of 40 ng/ml and 15
ng/ml, respectively. These colonlies were then restreaked on
selective M9 agar plates to purify the transformants:

RESTRICTION ENDONUCLEASES AND DNA MODIFYING ENiXMES

-,

.
“

Restriction endonucleases, T4 ligase, SI nuclease and
alkaline phosphatase were purchased from elther Boehringer
Mannhelm (Montreal, Canadai_o; Amersham (Montreal, Canada),_

and were used as recommended by the supplier.

DNA, when treated with'any'Bf the above enzymes other

than T4 ligase, was purified by phenol-chloroform

kY
extraction. The DNA was then recovered by ethanol

_ precipitation and dissolved in TE (10 mﬁ Tris-1 mM EDTA,

N

pH 8 buffei), or deionized water. ‘

———— ’

v

\D&A PREPARATIONS
: \

The rapld isolation of plasmid DNA from E. coli was

performed using a modification of the alkaline lysis

method of Birnboim and‘Doly;(1979): Large scale isolation of

3
ar N v " <
. 3
- - -
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plasmid. DNA, using the ethidium bromide CsCl density

gradient m@thad—was—pef{efmed as. described by Clewell

and.Helinski (1970).

-Cp‘ S. cerevisiae DNA was isolated using modification of

the method of Maniatis et al (1982). Mid-log phase celis
growing in minimal mé%iu@ (2 x YNéb),'were harvésbed, washed
and resuspended in 1M sorbitol. After adding 2-3% glosulase
(Dupont laboratories), the samples were incubated at 37°¢
for 1 ﬁour,lwashed g x with 1 M sorbitol and resuspended in
lysis mix (50 mM glucose, 10 mM EDTA and 25 mM Tris-HCl pH
8) anqyinqubqyed at room temperature for 5 minutes,. Two
volumes of a freshly piepareé so1ution of 0.2 N NaOH and 1%
SDS Qas added to the samplé, geqtly ﬁixed and kept on 1ice
for 5 mi%utes. Sodium acetate\(s M) was added to a final
concentration of 0.5 M and the samplqggzére yortéxed
gently. After vortexing at 4°C, thélsamples were
centrifuged at 12%900 xg for 10 min. The supernatant was
transfered to a fresh tube and pﬁenql~chloroform (lmli "
éxtract;on performed, followed by ethanol. precipitation.

The resulting yeast DNA wdg resuspended in TE buffer.

RNA ISOLATION %

Total yeast RNA was -isolated by a modification of th

method described by Thomas (1980). First, culturga were f

.grown to mid'log phase In media which selected for plasmid

.
1 -, - Py
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‘autoclaved water.

malntenance. Before harvesting, cycloheximlde (10 mg/ml)
was added at a final conceéntratlion of 100 ug/ml, to the
cell culture. Cells were harvested by ceﬁtrifégatﬂfn,
;ashed with ice cold breaking buffer (0.5 M NaCl, 0.2 M
Tris>HCl pH 7.5 and 0.01 M EDTA), and resuspendéd in 0.2
mls of breaking buffer. Then an equal volume of phenol-
chloroformnisoamYlalcohol mixture (50% phenol contalining
0.2% beta-mercaptoethanol, 49.8% thoroforﬂ and 0.2% .
isoamyl-alcohol), containing 0.3% SDS and 0.2.mls

“

of glass beads were added to the samples. These samples

were vortexed for 3-5 minutes at 4 c. Following vortexing

the sqmples wereucentrifhged and the supernatant st
transfered to a fresh tube containing chloroform-
isoamylalcohol. The sample was vortexed £qf 10-15 seconds
and the supernatént was tranéfered to a fresh tube ard the
purificatibn process with chloroform- isoamylalcohol was'
repeated'until no debris waé visible at the interphase. The
RNA wa;ﬁthen ethanol precipitated and dissolved in )

diethylpyrocarbonate (Ofl%) treared, deionized and

2

- AN

—

GEL ELECTROPHORESIS OF RNA AND TRANSFER TO MEMBRANE

o

The fractionation of RNA samples was ‘performed
. . L 4 .
essentially as described by McMaster and Carmichael, 1977.
Up to 20 ng of RNA was denatured by incubation’in 16 ul

N

containing 1 M deionized glyoxal, 50% dimethylsulfoxide and

3
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0.01 M NaHl;Od (pH 7.0) at 50°C for 60 minutes. After
denaturatgonL’4 nl of séerile loading buffer (50% Glycerol,
- 0.01 M NaHPO4, pH 7.0, and 0.4% bromophénol“blue); was

. added and the RNA samples loaded on a horizonﬁal.l.O%
agarosé gel. Electrophoresié was carried out in 5’ 0.01 M
NaHPO4 buffer (pH 7.0}, at 50 volts‘ior 6 hours After
electrophoresis, the fractionated RNAs were then trans;ered

to nitrocellulose membranﬁs, as described by Thomas

(1980). The gel was placed in contact with the membrane

filter and blotted with 20 x SSC blotting buffer (3 M NaCl

[\

and 0.3 M trisodium citrate) overnight. The blots were - *

dried at room temperature and baked in a vacuhh oven at 80°

"¢ for 2 hours. 7 -

hY

RNA Hybridization
The ﬁNA blots were prehybridized overnight at 42°c 1in
buffer containing 50% formamide, 5 x SSC (3 M NaCl and 0.3

M trisodium citrate), 50 mM sodium phosphate at pH 6.5,

. sonicated denatured salmon sperm DNA at 250 ug/ml, and

0.02% each bovine serum albumine, ficoll, and
pq}yvinylpyrolidonev;The hybridizatidn\bufﬁer contalned 4
parts of fresh prehybridization buffer and 1 part of 50%

dextran sulfate. A nick tréns{éﬁlon.kit was purchased from

Amersham and was usgd as recomménded by the supplier to ;

+32 ,
prepare P-labeled {NA probes. The nick translated probe

was then denatured at 100 C for 10 minutés, rapldly cooled-

s
Y R ' ™~

s

¢ -
. ~ ) . o
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on lce and ‘added to the hybridization buffér, and tﬁ;
blots were hybridized for about 20 hours at 42° Féllowing
ﬁybridization{ the RNA blots were washed with fi:) changes
of 2 x SSC,and 0.1% sodium dodecyl sulfate for 5 minutes
each at room temperature, and washed with two changeg of
0.1 # Ssc.and 0:1% sodium &ddecyl éulfate fox lg minutes
each at 50°cC. The damp\ﬁlots were wrapped in saran wrap apq
exposed to x—réy film at —jofc, using an’ intensifying

screen (DUPONT).

L] -

]
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, deriQatiVe of pR@§83 carry the yeast TRP1l gene which

RESULTS.

CONSTRUCTION OF PLASMIDS pRS83 AND pRS87 AND THEIR

XP&ESSION IN YEAST

As described in the introduction, pRS27 could

transform yeast strain AH22" ( egZ) to leucine prototrophy

: but PEH26 pould not, we wanted to know whethér other known

‘4

sequences could alter leuB expression when,placed upstream
of the leuB gene. First, plasmids, pRS83 and pRS87 were

constructed as described in the legend to 'Figure 25. These -

two plasmids contalin an 850 bp Yeast fragn;nt carrying the

. - S
yeast DED1 gene's promoter. In plasmid pRSB§’tﬁTB‘pro?oter

directs transcriptlon towards the leuB gene whiie An pRS87,"

this promoter directs transcripti%n away from the IeuB

‘gene. pRsa3 was, not capable of transforming strain AH22

(1eu2) to prototrophy, while pR887 could/transform strain T

AH22 to prototrophy ‘at’ high frequency (Table, 2). This

difference could be because: a) pRSB3 was unable. to |

replicate autonomoug}ytin yegst, while pRSS? could. ‘

replicate autonomously.:b3 ThePleuB gene present in pDRS83
. o ' ~

could not be functionally expressed in yeast but the leuB

gene present in pRS87 could be expressed.

: To distinguish between these two possibilities, a ..

would serve as an additional selectable marker in yeast,

o
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~ :
v Figure 2a
. ( *

Strhcture_of plasmids pGY21, pRS27, pGY33, pGY34, %R§83,

and pRS87. The position of BamHI, HindIII, BqllI, ECORI,

. xhoI, and Clal restrlction endonuclease sites are 1ndicated
b by B H, G, E, X,‘and C, respectively. Regi;\s wlth
vertical lines represenﬁ*pBR322 sequences (see Fig. 1 for

more detail). The solid thick 1line represents E. coll

leuc}ne operoh sequenbesr(see Figure 1 for the detall).
Regions marked by two thin lines repr;sent?yeast 2-um ——
‘ sequbnces 1eu+ and leu_ indicate whether the leuB gene is
expressed or ”ot expressed respectively, in yeast. Each
plasmid size 1s presented in kilobases (Kb). a) Structure of
| * plasmid pGY21, a pBR322 derivative with two tandemly )

* repeatéé copies of the -1.8 Kb BamHI fragmentuof yeast DNA,
coﬁtelning the yeast HIS3 'gene inserted into the BamHI site
_of pBRjﬁZ.‘The arrows Indicate the locatien and dirediion.of

s . trensqription ;or the dqpticated HIS3 and DEDl1 sequences.
The region with diagonal lines, flanked by HindIII sites,~ls
the fragment cloned into HindIII site on PRS27T to generate
pGY33 and QG£34. In plasmid pGY33 the HindIII fragment has
been cloned in the orientation which regults in the HIS3 \
promoter direct1n§ trensqription zway from the leuB gene. In
plasmid pbY3}»the HrndIII fregment has been cloned so that

N the HIS"promoter'direetS‘transcription towards the .
/ ’ -
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Fig. 2a (cont'd)

leuB gene. Small "p" and smail_ﬁt" indicate the pr&ﬁoter and
terminator regions of a gené, respectively. e & f) ,
Structure of pRS87 and pRSé3.'These two plasm{@s were
derived from pGY33 and pGY34 respectively, by gé;;;_ ~
digestion followed by ligaéion. In the resulting plasmids

the DED1 promoter directs §ranscriptivpn fowards the leuB
AR

gene in pRS83 and away from the leuB gene in pRS87.
"?
AN »
i‘;
%
- “‘
A
~ K
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Table 2 v
a b"
plasmid transformation freqguency growthirate
) 3
pRS27 ° IX10 8 hours
3 .
pGY 3’3 1x10 8 hours’
C.
pGY 34 0 ND
pRS83 ‘0 ‘ ND
3 .
pRS87 1x10 @ 8 hours

a) Frequency given in transformants (to ley prdtotrophy) per

ug of plasmid DNA used.

b): Growth rates (as doubling time): are for yeast strain

AH22 txansforméd\wlth the indicated plasmids{ grown in

minimal medium without leucine. The growth rate for .,

approximately 2 hrs.

c) ND, not determined.

+»  untransformed yeat strain AH22, grown in rich media is



was constructed. Thus if the blasmid‘éould replicate
autonomously, it should be able .to transform yeast strain
LL20-15 (trpl-leu2) to tryptophan prototrophy at a high

frequency. !

te

CONSTRUCTION OF A pRS83 DERIVATIVE CABRYING THE YEAST TRP1
GENE ‘ '

The procedure used to construct the TRP1 contalning
derivatjive of pRSBj is shown ?n Figure 2b. Plaémid YRP17

- b
carries the yeast TRP1l gene (Fig. 2b, Struhl, 1981 ).

~ The TRP1l gene is contained on a 1.2 Kb fragment ffanked by

BqllIl and BamHI restriction endonuclease recognition sifes.
This fragment also contain; éhe 5' portion of the
tetracycline (Tc) resistance encoding reglon of yRP7.
First, plasmid yRP7 was digested with resgriction
endonucleases BamHI and BqlII, and pR883~Qés digested with
ggﬁﬂ;.~The resulting diges;ed DNAs were then/treated with
phenol, ethanol precipitated, mixed and ligated, using the
procedures as described in the materials apd methods
section. The ligated 6NA was then used to trénsform E. col}

. 4
straln JF1754 (leuB), and ampicillin resistant (Amp )~ _ \\\\\

leucine prototrophs were selected. This should select

transformants harboring either pRS83 or derivatives of o

pRS83 which contained an additional DNA fragment from yRP7. -

i;ptain;qg BglII-BamHI fragment, the ampiciilin resistant,

To select transformamts harboring pRS83 with the TRP1
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y Figure 2b

Structure of plasmids used for this thesis Position of

BamHI, HindIII Bglll, EcoRI, Xhol, and~claI restriction

Y

L Y
endonuclease sites are indicated by B, H, G, E, X, and C,

respectively. Regions with vertical lines represent pBR322
DNA (see Fig. 1 for more detail). E. coli leucine operon
seguences are indicated by thick solid lines (see Fig. 1

for more detail). The yeast -um sequences are indicated by
. + - ’
two thin lines. leu and/leu indicate whether the plasmid

borne leuB gene is or is not expressed in fQeast. TRP

indicates the plasmid harbors a functio al TRP1 gene and
+ ' - -
LEU2 {indicates the plasmid harbors a functional LEU2 gene.
L )
The size of each pla;hid is indicated in kilobases (Kb). 7

Arrows indicate thenlocationland orientation of the plasmid
sequences pertinent to this thesis. (a) Structure of

. eplasmid yRP7 (Struhl et al, 1981b{. This plasmid carries the
yeast TRP1 gene, marked by crosses. (b) Plasmid pRé83. '

Construction of this plasmid is explained, in detail, in

~ Figure 2a. As Fig. 2a indicates, the region with diagonal

~

“
lines represents the yeast HIS3 3' sequences (t) and the

DEDl 5 sequences (p). (c) Structure of plasmid psSBill.

pPSB11l carries the 1.2 Kb TRP1 containing Bqlll to BamHI
fragment from yRP7 inserted into the BamHI site of pRSS83.

The resulting plasmid encodes the yeast TRP1l gene and a
. + )
functional Tc region. ¢d) Structure of pSB30. This plasmid

L4 h © \

N



Fig. 2b {cont'd)
]

is generated by excision of*the XholI-BglII (340 bp)

fragment from pSBll. The 340 bp Xhol-BglII fragment

codéist; of the TATA box,htranécriptional start sites and

the N terminal. codon of the ng; gene (Fig. 4,.K. Struhl, iR
1985). (e) Plasmid pSB20 was generated by removal of the
DED1 5' region in pSB1l1l. However, the size of the exclsed
fragment is larger than that in pSB30 and is approximately
440 bp. (f) Plasmid pYF91‘(Syorms et al, 1979) harbors the
yeast LEU2 gene; which is. found within a 6.5 Kb fragment..
This 6.5 Kb fragment is indicated by two thin lines and .
dots. (g) Plasmid pSBlSl is generated by insertion of the
Clal fragment carrying 5' region of the LEU2 gene from
PYF91 into the Clal site of pSB30. This region (LEU2p) is
upstream from the yeast HIS3 fg;minator sequences and
directs transcription fpwards the HIS3 termlnat;r sequence.
(h) Plasmid pSB1l2 is 1de;tica1 to psplgl except for the
orlentation of the inserted Clal fragmenf containing LEU2p.
The LEU2p ﬁromoter directs transcription away from the HIS3

terminator seque%ce. .
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leucine independént transformants were rep}écated to L-
Broth plates containing tetracycline. Presence of
tetracycline selects for cells harboring pRS83 contalining

the TRP1 gene, because insertion ©of the BamHI-BgqlllI

fragment in the orientation shown in Figure 2b (c) wouid
generate a functional Tc resistance encoding reglon. Thé
results obtained are shown in Table 3. Several g; gélg
transformapts with the correct phehotype'(Ampr, Tcr and
1eu+) were,chosen for dété&led characterization of the
plasmids they contained. Plgsmld DNA lsofated from five
independent transformants was digested with festriction
epdonuclease HindIII followed by fractionation by agarosé&
gel electrophoreslis. The, five plasmﬂds lsoiéted c;%%ained 4
HindIi; recognition sites. Furthermore, they all had the
expected pattern of‘%ﬁe restriction endonuclease generated
fragmengs (see Fig. 3). Plasmid pSBil was chosen fior
further restriction endonuclease Snalysis. All ‘he results

obtained confirmed the insertion of the TRP1 gene into

pRS83 to génerate- the plasmfd pSBl1ll (Fig. 2b).

]

EXPRESSION OF pSB1ll IN YEAST

: . . . » ~
Yeast strain LL20-15 (trpl leu2) was transformed with
\ , +

pSBll DNA (see methods and materials). Several trp

transformants were'picked and thelr growth was examined in

the presence and ébsence of leucine in minimil medium,
+ - :

using the trp phenotype to select for maintenance of psSBll




Table 3
E.coli transformants/ replica
ug DNA plates

media condition

. ' + “+ + - + -
plasmid DNA ‘ Amp leu Amp leu Tc leu
: a 'gnc 3 ]
ligated DNA . >1x10 32
b 5 .
yRP7 © >4x10 : ND ND

; "‘7 N
@/ E. coll strain JF1754 (leuB)was transformed with the

ligated DNAs (see the text for the detail). The

transformed cells were plated on minimal medium aéar

plates with ampicillin (Aﬁp) and without leucine (leu)ﬁ

and replicé plated on minimal medium agar plates,

. containing tetracycline (Tc) and without leucine.

L)

b/. Cells transformed with yRP7 (see Fig. 2b), were plated

on minimal mediulm agar plates éontaining Amp and Leu
. “

«  which selelcted for the plasmid and reflected the

&

transformation frequency (positive control).

ND: Not determined.

s
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Figure 3

u

Restriction endonuclease HindIII digestion patterns ofl
plasmid DNA samples. From left to right, lane 1) HindIIl]l

digested yRP7 (the control plasmid). Three bands are

o

‘present, two large fragments and the small 1.2 Kb fragment

which contains the TRP1 gene (Fig. 2b). Lane,Z).HindIII T

digested pRSé3 (the‘contrql plasmid); Two bands, a_11.2 KB
band and an 850 bp band are present (see Fié. 55). Laneé 3
to 7 are not relevant °ahd iﬁould be ;;noied.iganes 8 to 12)
Plasmid DNAs isolated from five independent Apr Tcr E.coi{

transformants obtained with the ligated DNA (Table 2). As "’

Figure 2b indicates insaf%ion of the BamH1I-BqlII fragment

' from YRP7 into pRS83 would generate a plasmid with four,

HindIII sites. Digestion of this plasmid, Qitﬁ HindIII
should generate four fragments of approximately 7.5 Kb, 4.2
Kb, an 850 bp identical to the small fragment of HindIII
digested,pR883 (in lane 2), and a 644 bp 1dent1cq1 to the
small fragment of HindIII digested yRP7 (in laneyl). These

fragments are all identifiable in lanes 8 to 12.
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1n yeast. The results (Table 4) show that yeasm strain

"LL20-15, transfdrmed with pSB11, is not capable of growth

in the absence of leucinef A'high transformation frequency
of approximateiy lxlgiltryptophan prototrophs/ng of plasmid
DNA wés obtained. This-strongly iyggestéd that p§883
replicates autonomously in yeast, The fnllowinq two
experimgnts were carried out to test for the presence.of
autonomously replicating pSB1l1l DNA in the trpt‘f -
trénsformant;. First plasmid bNAAwag isolated from the
pPSBll yeast transformants and used to transforT E. coll
strain JF1754 to ampic1lin resistance. The results showed

+
that ampicillin resistant colonies obtained were/g}so leu .

~Restqiction endon:élSiii‘mapping of the retrieved plasmids,

from yeast, Indicated that they'were indistinguishable from

__~__/,Ihe original plasmid pSBll Seéond several pSB1l1l A

\-~

o

transformants were grown indivldually under non-selective

condition (see methods and materials) for several )

Tqunéxations and then tested for their ablility to grow on

N

éhfnimal media without tryptophan. Thé results showeé rapid

loss of the plasmid in non-selective medla. The procedure
used was: Yeast transformant;Tof plaémid pSBll were grown
up to saturation, and gubcultured five times, using rich

liquid dium. The final saturated culture (1 X
% me The

10 cells/ml) was diluted and used to plate at about 1 x
3 .. 5 # 6 e

10 , 1 x 10 , 1 x 10 )and i Xx 10 cells/plate of media

’ .

without tryptopﬁén. No tryptophan prototrophs were obtained

. s °

*

\ _ .‘ ' .
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A haad %
v ‘ .
;- Table 4
‘. ]
. ‘# of tranggormants/ . 4
i i ug DNA “*replica plates
.'9 '
a

media condition

yeast plasmid - - " ,/
strain DNA trp.leu+ R °trp—fgu_ trp 1;§;~//(
%a R
LL20-15 pSBll, 1x10 ' - -
(t;pl—leu2”) - YRP? 1x103 0 , - -
0 p -

a) Three alequoﬁéé of competent yeast strain LL20-15 (léuz

rpl) were treated with lug of plasmid pSBll lug of .,

M\

plasmid YRP7 (positive control which indicates the

xtzansformatlon frequ;ncy); and T.E. (negatlve control).
The cells were then plated on media.supplemented with )
leucine, and incubated at 30 C. The trp colonles were
réplica plated on minimal medium and minimai medium with
tryptophan, angﬂlncubated at 30°c for several weeks .

b) A minus (-) sign indicates no growth.

«
¢ 2
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on any of the plates. For positive control, samples from °
the same saturated culture were diiuted and plated at

about 100 and 200 cefls/plate of rich medium.

L}

INFORMATION UPSTREAM FROM THE LEUB GENE AFFECTS ITS

. EXPRESSION IN YEAST

. As‘concluded above, pSBli can replicate in yeast but

does not functionally expresslthe leuB geneﬂ This aiso

suggests that pRng cap'repljeate autonomously in yeast.
Therefore, the reason 1euc1nelprototrophs were not obtalned
when-LL20 (leu2) was.transformed with pRS83 or pSBll was ' ‘9
because pRS83 and pSBl1 cgnnot functionally express leuB in
yeast. Therefore, expression of the cloned leuB gene in "

yeast must be affected by sequences present on the shuttle
Cf/vector. These results show that leuB expression is
dependent upon plasmid sequences placed 5' to the E, coll

fragmeht harboring the leuB gene. A comparison of the

Rt

upstream information present in'plasmids pGY33, pRS27 "and
pRS87 Lhich can éxpress leuB in yeast and pRS83, pGY34 and
pSB11 which do net express leuB in yeast clearly-:ﬁows that
expression depends upon 1nfprmetion present immediately
upstream of the‘lggg gene.qit also shows that eibression is x
dependent upon the orientation of'the upstream informationf

For example both pGY33 and pGY34 carry the identical 1800 .

base pair fragment upstream from leuB,. but in one plasmidg,

]

pGY33, this fragment is in one orientabfon and leuB‘can be

-
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s
-~

expressed while in the other, pCY34, the 1800 base pair

fragment is in the opposite orientation 3nd the leuB gene

L]

cannot be expreésed.-There are two possible exgiigations
for how plasmid sequences could‘bé affecting leuB

expression so that plasmids pRS83 and pSBll cannot express

\"J

leuB in yeast yet PRS27, pGY33 and pRS87 can express leuB.

One explanatigg is that plasmid sequences adjacent leuB are
N :) % s - N
acting as a pbsitive element allowing leuB expression in

pRS27, pGY33 and pRS87 but not in pRrRS83 and pSBll The
other explanation is that a negative element functrvns to
prevent expression of leuB in pRS83 and pSB1l1 but does not

function in pRS27, pGY33 and pRS87. A comparison of

the structure of these plasmids shows that plasmids pRSBB

and pGY34 which do not functionally express leuB in yeast

3

and plasmids pGY33, pRS27 and pRS87, which do functionally
express leuB in yeast, all contain identical information
downstream from the leuB gene. Therefore, differences in”
the abilit& of these plasmids to expréss leuB in yeast must

be as -a result of the different information found upstream

from the leuB gene.

N N . \ * ,\\ N
As noted above the leuB gene on .pR587 can be expressed

in yeast but the same Qene on pRS83 cannot be expressed in

" yeast, Again these two" plasmids are identical except for

the orienta@ion of an 850 base pair fragment that has been
[vg

_Wcloned into ‘the HindIII site immediately upstream of the

40



E. coll leuB gene (Flig. 2a).

How can leuB present on plasmids pRS87 and pGY33 be
éxpressed in yeast‘but not be expressed when present on
~ PRS83 and pGY34. Examination:of the strﬁcturé of these
plasmids (Filg. 2a) shows that a yeast promoter directs
_transcrjption towards lggg in both pRS83 and pGY34.. In
pGY34 it is the promoter of the yeast ﬁlggigene whzle in
pRS83 it is the promoter of the yeast DEDl1 gene, whicﬂ
directs transcription towardsalggg. Furthermore, in

plasmids pGY33 and pRS87 these promoters direct

transcription dway frbm leuB. Furthermore, it is possible

" that in pGY33 and pRS87 the leuB gene is transcribed from

. its 5' region. ‘ .

N
I 4
’ " Based on these reéults 1 postulated the following
hypothesis: Promoter occlusion can prevent .leuB expressfon
N ~ .

in yeast. That is transcripticn from a second yeast

promoter upstream f£rom leuB and directing transcription i

towards leuB preveﬁ?s transcription of the leuB ggﬁp 1n\
yeast. ‘ N

5, ~ . ! j

' TESTING THE -HYPOTHESIS “ . N

A) DELETION OF THE DED1 PROMQTER ' .

I1f promoter occlusion is preventing leuB eipression

L]
» ~

[ A . -

.
\
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from pRS83 and the derivative pSBl11 then 1t should be
possible to restore leuB expression by deletlng the

upstream promoter which is responsible for the occlusion of

[N,

the leuB promoter.

The sequences within the HindIII fragment upstréam

-

from the leuB gene, both on pRSB§ and pSBll1l, contain the

yeast DED1 promoter region and the 3! portion of the yeast”

HIS3 gene (Fig. 2b). The DNA sequence of this HindIII

fragment is presented in Fig. 4 (Struhl, 1985). According to
- g

_this Figure The DEDl promoter rcgion, including the TATA

box at,positio§ 89{! transcriptional start sites, and the N

tcrminalxcodon at p?sition 985, are found between the

unique Xhol and BgqlIl restriction en@ppucle;se sites at

positions 879 énd 1220, reépectively. The yeast H&S3 3' éhd

~y
is located upstream from the Xhol site. Excision of the

small Bqui—XhoI fragment from pSBll should delete the

yeast DEDi promoter, leaving the HIS3 3' portion fntact.

The following method was used to construct a derivative of

oA

pSB11 ‘which was lacking the DEDl promoter region First

pPSB11l DNA was digested with Xhol and BgqlIl restriction

-

enzymes (each of these restriction endonucleases recognize
single sites within plasmid pSB1l). The digested DNA wag’
then purified (see me thods and materials) and subjected to

SI exonucleage éigestion to remove the’ staggered ends from

the endonucleases digested 6NA. The bNA was then purlfied

1
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Figure 4

Nucleotide sequence and transcriptional map of the yeast
HIS3 and Qggl gene region (K.Struhl, 1985). The upstream-
most HIS3 mRNA start site is designated as nuélegtide +1,
The mRNA initiation sites are\diagrammed as vertical lines
connected to horizontal arrows which indicate the direction
of transcription. The major HIS3 mRNA termination site® is
indicated by a vertical line at position +830° The TATA
sequences are shown as thin horizontal lines below the

sequence. The DED1 promoter reglon, including the TATA bo

at position 4894, the transgriptional start sites, and the N

& L4

terminal codon at position #985,_are found Between‘the

Xhol and BgllI restriction e;donuclease sites located at
positions 879 and +1220, respectively. Plasmid pSBll
harbors the sequences located between the HinéIII site at |
position +515 and the BglII site at position +1220. The
position of the HIindIII site a§ +1365 is approximate and *
according to a previous réporg by Struhl et al (1981bf on

the restricéion map of this region. ‘\\ oot
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GATGACTCTT T~ T7 T " TASCGATTGGCATTATCACATAATGMATTATAC -50
-—

MetThzGluGlnlysAla
-49 ATTATATA_RAGTAATGTGITTTCTTCGAAGAATATKCTAAAAAATGME: GSCAASATAAACGAAGGCRAAAGATGACAGAGCAGAMGCC 41
e
1

LeuVallysArglleThrAsnGluThzlys!leGinlleAlalleSer e 1,s5.yGlyProLeuAlalleGluHisSer]lePhePro

42 CTAGTAAAGCGTATTACANMATGAAACCAAGATTCAGAT TGLGATCTCT T TAAASZSIG5TCCCCTASCGATAGAGCACTCGATCTTCCCA 131

GluLyzGluAlaGluAlaValAlaGiluGinhlaThrGlnSerGinval IleAsrvaliiaTheGlyileGlyPhuLleuAspiisMet]le
132 GAAhMGAGGCAGlAGCAGTAGCAGMCACGCCACACAA?CGCAASTGATTRA:S':'.'ACACAGG'IITAGGGﬁTCTGGACCATRTGATA 221

HisAlaleuAlaLysHisSexGlyTrpSerLeulleVaiGluCyslleGlyAsrieatialleAspAspHisHisThrThrGluAspCys
222 CATECTCTGLCCAAGCATTCCGGCTGGTCRCTANTCGTTGAGTGEATTGGTGACT TATACATAGACGACCATCACACCACTEANGAETGE 311
Hind IO
Glyl l.AhLduGlyGlnlbi’hnLylGluAlll.aubcuGlyAroGly'Jd 1lysArgPreGiySerGlyPheAlaProLeuAzpGluAla
312 GGGATTGCTCTCGGTCAACCTTTTAAAGAGGCCCTAC TEGLGEGTCOAGT AAAAASS T TGGATCAGGAITTGEGCCTTTGCATGAGG PR 401

BglIl
LeuSerArghlaValValAspleuSerAsnArgProTyrAlavalVaiGlule . llylouClnArgGlulysValGly AspleuSerCys N
402 CTTTCCASAGTGGTGGTAGATCT TTCGAACAGGCCG T ACGCAGTTGI CORAC ~IGC S TGCAAAGGGAGAARGTAGGAGATCICICTTGC 491
—— .

Hind Il .
GluMetlleProHisPheleuGluSerPheAlaGluAlaSérirglleTnrie - sValAspCysLeuArgGlyLysAsnAspHistis
492 GAGATGATCCCCCATTTTCTTGAAAGE T TTOCAGAGGC TAGCASAAT " AT S 2 CAZSTTGAT TG TS TGCGAGGCAAGAATGATCATCAC 581

ArgsérGiuSerAlaPiielysAlaleuAlsValplel leArgGlurlaThrSerPzoASnGlyThrAsnAspValProSerThrlysGly
582 CGTAGT(MGAQIGCGTTCAAQGCTCTTGCGGTTGCCATAAGAGAAGCCKCC‘:GC:CAATGGTACCAACGATGT‘TCCCTCCACCMAGGT 671
s

N N «

ValleuMgt=oen=se .
672 CTTCTTATGTAGTGACACCGATTATTTMAGCTGCAGCATACGA’ATAE AIACAISTSTATATATOTATACCTATGAATGICAGTAAGTA 761

762 TGTATACGARCAGTATGATACTGAAGATGACAAGGTAATGCATCATICTAT, -:‘5'CATTCTGAACGAGGCGCGCTTTCCTTT;‘TCTT 851

S ——————— Xhol ,
852 TTTCCITTTTC " TITITTITCTCTTGAACTCGAGAAARAARATATARAAGAS S ~3TA5SAACGGSAAMAGTTAGT TGTGCTGATAGGTG G4 {
SIch TATARRS

“
’ MetAlaGl . e.SerSluGlrValGinAsnLlauSerlleAsnAsp

) | 1 B
942 GCAAGTGGTATTCCGTARGAACAACAAGAAMAGCATTTCATATIATGGETGAAS SAT GAACAAGTGCAMAATTTAKGCATCARCGAC 1030

AsnAsnGluAsnGlyTyrValProProRisleuArgGlyLysProArgSerAlarrgAsnAsnMet SerAsnTyrAsnAsnAsnAsnGly
1031 AACAACGAGMTGGTTA'IGTTCCTCCTCACTTAAGAGGAAAACCMGAAGTS::ACl’u’\?MCATGAGCMCTACAA?AACAKCAACGGC 1120
0
GlyTyrAsnGlyGlyArgGiyGlyGlySerPhePheSerAsnAsnArgRr5G., 5.y y25)yAsnG.yGlyPhePheGlyGlyAsnAsn
1121 GECTACAACGGTGGCCHTG6CGETGGEAGCTICTTTAGCAACACCGTICSS 56755 A2GGCAACCETGOTTTCTT SGOTGGIARCAAC 1210
& Bglu . Il
GlyGlySerArgSerAsnGlyhrgSerGlyGlyArgTrplleAspSlyby st sva “"oAYaProArgAsnGluLyshlasislleAla .
1211 GGTGGCAGCACA TCTAACGGCCGTTCTOGTGGTAGAT GGATCOAGETAAN Z AT T i T ASCTCCAAGAAACGAAAA GG SCGAGATLGCC 1300
llePheGiyValProG.uhspPro
1301 ATATIIGSICTC CTGAGGATCC H"ﬁ’mnas

e



and the blunt endas 1ligated. Followiantransfoxmatlon of
E. coli strain JF1754 with the ligated DNA, ampicillin
resistant leucine prototrophs were selected. To determine
whether the small Xhol-BqlIl -fragment had been exclised,

r +
plasmid DNA harbored by the Amp leu transformants was

isolated and examined by restriction endonuclease analysis.
The desired plasmid should lack both XhoI and BglII site
found in the parent plasmid pSBll. This was confirmed by
restriction endonuclease digestion with excess Xhol and
BgllIIl (see Fig. 5). Furthermore, DNA sequence of this
re;ion predicted that deletion of the information between
the Xhol and Bgqlll site, using the strategy employed above,
would remove exactly 340 base palrs (Fig. 4). The puﬁative
deletion derivative of pSBll were then‘digeited with
HindIIi. The parent plasmid pSB11l should génerate four
fragments of aéproximately 7.5 Kb, 4.2 Kb, 850 bp and 644
bp respectively. The derived plasmid having the smail Xhol
and ggl;l,fxagment deleted should aiso genekate four
fraémeﬁts of which three fragments would be 1aént1ca1 to
‘the HindIII digested pSBll and the 850 bp fragment should
be replaced by 510 bp fragment. A total of 10 isolates were
characterizgd. The.résults_depicted‘in Figure 5 shows the
HindlIY restriction endonuclease analysis of two isolates
(pSB30 and pSB20) havi'ng altered 850 bp HindIII fragments.
This fragment is now 510'bp in pSB30, suggesting that 340

bp has been removed from this pSB11 derivative. In. pSB20,

L 4
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along with the DED1 promoter reglqn Lane 3) HindIII

/ : Figure 5

Restriction endonuclease digestion patterns of plasmid DNA
samples A total of 1 ng of plasmid DNA is present in each
1ane. Lene 1), pBR322 digested with Tagl, was used,as a N
molecular weightlmarker. Taql digestion of pBR322 generates
7 fragments, the smallest fragment of 141 bb is not
1dentifiab1e,?n the gel. fhe size of the other gragments
are:#A444 bp, 1307 bp, 475 bp, 368 b;? 15 bp, and 312 bp
respectively. Lane 2) pSBll digested ith HindIIT which )
generates four fragments of apprdximately 7.5'Kt and °4.2

Kb, 850 bp and 644 EST The 850 bp gragmemt,‘%he“second band

[}

from the bottom, carries the HIS3 terminator sequences

digestion of plasmid pSBZO generates three identical bands

to those of HindIII digested pSBll and the fourth band T

.replaced the 850 bp fragment by an approximately 410 bp

.fragment. (the first band from the bottom). Lane 4) pSB30

digested with HindIII which generates three bands that are’
1dentica1 to three of the pSB11 HindIII fragments The\850
bp fragment has been replaced by a fragment which is’
approximately 510 bp. Lane 5) pSB30 digested with Clal
wnlch generates two fragments of iPprqximately 7.5~i;—and

5.3 Kb. Lanes 6 & 7) p!§30 digested withtclaI and excess of

XhoI and BqllI, respectively. Only two bands are present

(7.5 Kb and 5.3 Kb). Therefore, there are no°Xhol or BgqlIl
‘ W "a
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+~Fig. 5 (cont'd)

A

sites present on pSB30. Lanes 8 to 13 are not related

S

this experiment.

‘,\
«
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Figure 5
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the 850 bp fragment has been changed tp a 410 bp .

7

fraément.

B) EXPRESSION OF pSB30 IN YEAST . .

*,

Yeast strain LL20-15 (trpl leu2) was transformed with
pSB30 DNA and, tryptophan prototrophs selected. Several trp+ |
tTAnsformants.;;re isolated and thelir ablllty;te grow in
minimal media“vithout leucine was tested. These results are

presented in Figure 6 and Tablée 5. The pSB30 transformants,

unlike the %Sﬁll transformants, were able to grow in medla

v

without leucine. Therefore, the leuB gene present on‘pSB30‘
can’ be functlonally expressed in yeast' This result is
consistent with the hypothes}p presented earlier. Since
removal of the DED promoter region allowed leuB expression,

therefore, its presence upstream of the leuB gene

and directing transcription through the‘leuB gehe prevented

its expression in yeast. ) . ‘ .
»
RNA BLOT ANALYSIS OF YEAST TRANSFORMANTS HARBORING pSBIl ' °
AND pSB30
" iIf the DED1 promoter present on pSB1ll directs ’ “

transcrlptlon through the lggg gene present on pSBll {t .
should be possible to detect the resulting transcrlpt'using
RNA blot analysis. Slmilarly RNA blot analysis should show
tgat thls transcript is not present in the derivatives'

(pSB30 and pSBZO).which have the DED]1 promoter deleted.




Figure 6

Growth réte curves of various yeast strains in different
media. Cells were gxown up to late exponeA;iél phase in
liquid culturg media under condition which selected for the
maiﬁtenance of the plasmids ghey contained.'The control
strain LL20—15, with.no plasmid DNA, was grown in rich
media. Cells were then Subcultured into 25 mls of fresh
media in side arp flasks and . incubated.in a shaker bath.
The groﬂth,qurves were obfaiﬁed by plotting the turbidity
(determined using a Klett machi‘ne) versus time. The
turbidit;:valueé presen@gd‘are in klett  units.
. . \ N

A) The growth rates for pSBll (x) and pSB30 (+) transformed

LL26—15 were identical to that of. the control strain LL20-

15 (*) when selecting for tiyptop;an prototrophy

1(doub11ng time—of approximately 2 hrs}). The untransformed

“control strain LL20-15 (leu2 trpl) was gfown in minimal

‘medium supplemented with leucine and tryptophan.

/

o

B) The.growth curve for psé30 ‘(#) and pSQlS{ (")
tfansformants\wer; identical when seléﬁting foreleucipe,
with a doubling time of épproximately 2? hrs. The pSBl1
transformant and thn‘parent strain LLZQ-lS, did not érdw

in medium without leucine. - .
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Table 5

~Yeast transformants and their browth in different media

;,‘ supplement added t%’minimal media
strajns : plasmid bNA leucine tryptophan nothing
'}

LL20-15 ‘pSB30 . + + . +

(trpl leu ) pSB20 + . + ., +

pSB151 + + +

pSB1l1 + - - -

. [ *
YRP7 +, - .-
b h

0 w‘ - - } -

‘ ) .

AH22 pRS83 . ND - -

- N ‘I o

(leu ) pRS27 " ND + +

pRS87 ND + +

0 - - -

a) Depending on the selectable marker present on fhé .

N 3 ' v

plasmids, yeast strains LL20-15 (trpl leu2) or AH22

. ST ~ - ‘
(leu2) was used as the plasmid host. Growth is

indicated by "+".’Negat1ve growth is Indicated bx—"—".
b) No plasmid;/DNA (0) was used. )

ND: not determined. . ‘
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Total RNA was {solated from yeast transformants harboring

pSBl1, psB20 and pSB30: The resulting RNA samples were
denatured using glyoxal (McMaster et al., 1977) and
fractiomated by agarose gel eIectrophoresis (Fig. 7). The
fractionated RNA samples. were theh transferred to
nitrocellulose membrane as described inamethods and
materials (Thomas, '1980).- The resulting RNA blot was

then proBed with a 3'ZP—labeled leuB specific probe
generated by nick translation (Maniatis, 1975). i'rhe |
leuB fragment, flanked by HindIII and BamHI restxiction
endonucleases sites, was isolated from pRS83. This fragment
includes the A'B CcCD' region of the leucine operon (Fig.
2a). After hybridization and washing, the blot was exposed
to X ray Eilm. The resulting autoradiogram (Fig. 8) clearly
shows that pSBll traneformantshdirect the syntheslis of a
Jarge (appro*imately 4 Kbi RNA species which is not p?esent0
in RNA-isolateo from either pSB20 or pSB30 transformants.
Instead, -a smaller mRNA (approximately 3 Kb) ts detected on

the autoradiogram, in both cases.

\

HOW Ddés AN UPSTREAM PROMOTER PREVENT EXPRESSION

The presence of an upstream promoter e\\&d prevent
*
- leuB expression in at least two ways..I) Initiation of

R

transcription from an upstream promoter and proceeding

through the leuB promoter could prevent transcription of

X

1euB, and therefore preventv;ypression. I1) Presence of a

o

v
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Figure 7

Totai_RNA‘iSOIateQ resolvéd by agarosé gel electrophoresis.
Samples of total RNA were isolated from the different
transformants, and 20 ng of RNA/sample was denatured with
élyoxgl (see methéds and materials). Using 0.9% agarose
gel, the RNA isolates were fractionated by gel

electrophoresis as described in the methods and materials.
' A1

)

L4

Lane 1) pBR322 DNA digested with gggl. Lane 2) RNA isolated
from Strain LL20-15 grown in minimal media supplemented
with leucine and tryptophan Lane 3) RNA gsolated from - -
pSBl1l transformed LL20-15, grown in m}nimal media .

. supplemenfed with leucine. Lanes 4 & 5) RNA isolated from
pSB20 transformed LL20-15, grown in minimal media with and
without leucine, respectivély,_Lanqi 6 & 7) RFA,isolated

o

from pSB30 transformed LL20-15, érown_in minimal media with

»

and wlthout léucine, resbectively. Lane 8) Undenatured RNA,

used as@Pegative confrol.

n .
’

- ) =
8 { ®
+ .
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~ ’ Figure 8

Northern blof ana%ysis of total RNA isolated from LL20-15-
pSBl1l, LL20-15-psB20, and LL20-15+~pSpB30. 20 bg of each RNA
samples isolated froh log bhase cultures were fractionated
.as described fof ngure i, transfgrred to nitrocellulgée
‘membranes and pr;bed with the 4:Kb‘1éucine‘operon DNA
fragment from pRES3. ' : . '

4

Lanell) RNA isolated from pSBll transformed LL20-15

Jgrown in minimal media supplemented with leucine. Lanes 2 &
©3) RNA isolated pSB20 transformed LL20-15, grown in ﬁinimal
media supplemented witﬁ-qéd without leucine, regpectively.

Lanes 4 & 5) RNA isolated pSB30 transfor%ed LL20-15, grown

in minimal media supplemented with and without leucine,

respectlively. ' \.

s
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‘ ' : W
promoter upstream from a second promoter could inhibit

binding of RNA polymerase to the downstream promotei (i.e.

nucleosome phasing). . : P

———

Whatever the exact mechanism, If read-through
transcription causing "promoter occlusion" prevents the

leuB gene expression, tﬁen placing.a yea;% terminator

+

between the upstream promoter and leuB should allow leuB to

. be expressed in yeast. -

T ’ {

CONSTRUCTION OF PLASMID pSB151
5, 2

A yeast terminator sequence was placed in the

appropriate position by the following construction.
Insertion of the promoter region of the yeast LEU2 gene

which is flanked by two Clal restriction sites into the
© e -

‘claI site on plasmid pSB30 generaéed plasmid pSB151. This

|
[

plasmid contains a I1 fragment ené%ding the yeést HIS3
terminator régién located between the LEU2 promoter region,
and the leuB gene (Fig. 2b). The following stfategy wg; .
employed to construct,pSB151. The yeast LEU2 pfomoter p
region was isolated from plasmid pYF§1 (storms et al.,
1979). The structure of this plasmid is shown in Figure 2b.
The 5' end of the LEU2 gené including the promoter region
is locatéd on the larger Clal fragment of thés plasmid. The

=

direction of transcriﬁtion from the LEU2 promoter region

. is indicated (Fig. 2b) and is transcribed from the Xhol *

r-J
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“~

site towards the Clal site. Plaspld pYF91 was digested with

~Clal andADNA was resolved by polyacrylamide gel

electrophoresis. The dNA band which represented Fhe yeast
LEU2 promoter region was electroeluted and purifled.
Because pSB30 has two Clal sites, the plasmid was partlally
"éigested with Clal (Figqg. 9). The partlally digested DNA
band wés electroeluted agd su£jected to alkaline
phosphatase treatment which dephosphorylated the Clal
digested stadgeredNendg of the DNA. The DNA was then .
pqrified (see methods and materials) and‘mixed with the

)
Clal fragment carrying the LEU2 promoter region and then

~ the DNAs were ligated. The llgated‘DNA was then used.to

transform E. coli strain JF1754 and ampicillin resistant
leucine Erototrophs were selected., Sevgrdl transformants
yer; chosen for restriction endonuclease analysis of the
Jplasmid.ghey contained. First,‘réstriction endonuclease
enzyme Clal was used tp analyze these isolated plasmids. .

Two plasmids, pSB151 and pSBl12, which both contained the

deéired Clal fragment were subjtected to further restriction
&

N \

endonuclease analysis, using double digestion of the DNA °
with EcoRI-and Xhol. This anglxsis was used to determine

the orientation '0of the cloned LEU2.promoter<contain¥n€¥:1aI

:fragéent. The résults are shown in Figure 10, In plasmid-

<@

. pSB151, the resulting pattern of bands indicate thaff the

insert has been cloned ‘in the desired orientation. In this

plasmid the LEU2 promoter directs transcription éowardi

<

»
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' 10) partially digested pSB30.

2
»

> e

Figure 9 .

Polyacrylamidi gel éﬂectrophoresisvof partially digested
plasmid pSB30 with Clal restriction endonucleaée. pSB30 was

partially digested, u;ing a fixed amount of Clal enzymeéfor

o~ -

variable amounts of time (see materials and methods). Lane 1y'
Not related to this experiment. Lane 2) Uncut pSB30. Lane 3)

L 8

. > .
Totally digested pSB30 which generates two bands. Laneg 4 -to
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Figure 10

Restriction endonuclease characterization of pSB151 and

pSB12. Plasmid pSBl2 is identical to plasmid pSB151, except
" : g

that the 1.8 Kb Clal insert from pYF91 is present in

L4

opposite orientation in these two plasmids.

o

Lane 1) pRS28, a 13.1 Kb plasmid digested with ClalI. Lane

+ 8
PR

' ’2) pYF91, digested with Clal. The second band frém;the
bottom is the‘1.8 Kb fragment carryipg the yeast LEU2 &'
region. Lane 3) Uncut pSBl2. Lane 4) pSB1l2 diggsted‘with
Qig;d Lane 5) éSBIZ, dige;ted with XhoI and EcoRI. Lane 6)

uncut pSB151. Lane 7) pSB151, .digested with Clal.- Lane 8} -

pSB151, digested with EcoRI and Xhol. According to the

restriction map of plasmid pYF91 (R.K. Storms, 1979), if the

[

Clal fragment on pSB151 is in the orientation where the
- h - N
LEU2 promoter should direct transcription towards the HIS3
1)
. Q a ~ -
* sequences, then the smallest fragment resulting from Xhol

and EcoRI restriction endonuclease digestion of this

‘ leasmid should bé approximately 1.2 Kb. This.fragménf is.
1dezfifiablg in lane 8 (the bottom.band). ﬁowever, the
smallest fragment should be approximately 0.6 Kb, if the

/{ T Clal fragment is inserted in the opposiﬁe orientation. Thi§

0.6 Kb fragment is the bottom band in lane 5 (pSBl12).

—

-

3
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Figure 10
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B leuB. Therefore, the isolated pSBl5;QSontained the}LEUZ

~
promoter region on the inserted Clal fragment, reading

N

towards tﬁe terminator sequences on the downstream HindIII

fragment.‘ -

”

EXPRESSION OF pSB151 IN YEAST AND STUDIES ON THE GROWTH

° /

)

RATE
¢ Yeast strain LI;20-15 was transformed with pSB151 DNA,
\ and several trp+ transformants'weie:tested for their

ability éo grow“in'medium lacking leucine. The'results in

Table 5 sgow,that Qhe_pSBlSl yeast'transigﬁmants wefe able

- to grqwﬁiﬁ the absence of leucine. Further@ore, the p%BlSI

transformants grew without leucine at approximately the

same rate as the psqpo transformants (Flg. 6).
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“additional.selectable marker in yeast.

\

L3

A3

_:RISCUSSION

" In this thesis I have shown that élthough the E. coli
leuB gene één-be functionally expressed Jin yeaét, its | }
expression is dramatiially affected by séquences which are
placed upstream from it..That is, the expression of the
leuB gene was dependént upon its physical 1oc§tion relative

to other DNA sequences present on the shuttle vector.

[} .. - v
P

PRS83 and Its Derivative pSBll Are Capable of Autonomous

Replication in Yeast

Before init}ating the y?rk reported in this thes;é, it
was known that p§883 could not transform yeast\lggg'cells
Qo leucine prototrophy. To distinguish whether pRS83 was
unable to rgp}lcate autonomously 1ﬂ yeést, or leuB gene
present on pRS83 was n;t functionally°ékpressed in yeast, a

derivative of this plasmid was constructed (pSBll). This * : o

derivative harbored the yeast TRP1 gené which served as an

-

L} /
—_— . TN
- “

Yoy

1
Firsf, it was necessary to clearly demon;trate that

thé\plasmid pSB1l1 &ontaine@ the yeast TRP1 éene. Two sets
of experiments confirpgd the éloning of this gene into
pSBll. The first set ofaexpéfiﬁents involved a'detailed
restriction endonuclease mapping of pSBll.(ﬁig. 3). The

second experiment involved transforming a- Trp "yeast strain

¢

B
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to Trp (Table 4). These results confirmed that the deslred

‘TRPI'containing plasmia had been constructed and that it

M

harbored a functional TRP1l gene. ¢

14 ) ' ~
Next it was necessary to determine whether pSBll could
! . , o «
replicate autonomously in yeast. Autonomously replicating

4

plasmids, 'deperident upon the 2-um sequence for replication

.in yeast, have the following characteristics: (I) They can

‘transfdim yeast at high frequency. (II) They are rabidly
lost when selection for the plasmid |is remdvedﬁ (III) They = “k..

can be retrieved in thelr original state from yeast

- transformants. The following analysis was performed in - -

ordér to verify that pSBl1l ieplicated autonomously in
yeast. This plasmid and its derivative contain a 3.6
ktﬁobase EcoRI fraément from the 2-um yeast plasmid‘which
aliows for its autonomous;replication in yeast (Storms

et al, 1979). The high frequency.of‘transfdrmation at-a
rate of approximatelyalo3 transformants/ug of plasmid'DNAa
(Table l), retrieval of the plasmfa from fhe yeast
tiansfoimants, and loss of transfqrménts aﬁility to g;ow
unde:'selectivé growth condition after plasmid curing, all
confirmed that pRS83 and psﬁll were capabie of autonomous

s

replication in yeast. .
, y 3



' Read ~Thr ough Transcription Initiated from the DEDl 5"

Reqgion Ugstream fzom leuB Gene Affects Its Expression

A comparison between pRSB3 and 1ts derlvative, pSBll;
with the parent plasmids (see Figure 2a and 2b), revealed
that the leuB gene was not expressed in the presence of an
uésfream yeas§ gromoter region reading towards it. The
observation that franscriptional interference can affect
gene expression éf évian lepkosis.retrovirus genes
(Cullen et al. 1984{, was reviewed in the introduction.
Similar results have been reported by Eroudfoot (1986).
When two human alpha globln genes are cloned in tandem,
expressioJ of the downstream alpha gene is dramatically
reduced. The reduced expression is bel;eved to be the
result of transcription initiating from'the upstream gene,
reading through, and interfering with the transcription of
the 3' gene. In pRSB3 and ‘its derivativa pSBl11, it 1s the
proToter of the yeast DED1 gene (Fig. 2b)'wh1ch directs
transcription towards leuB. And in pGY34, it'is the -
promoter of the yeast ﬂ;é; gene which affects the 0 N
expression of the leuB gene by di;ectlng'bransgrlptioq
towards it. Therefoge, it was® hypothesized that promoter

7z

occlusion or transcriptional interference prevented leuB

3

expression in pRS83, the derivative pSBl1, and pGY34.

¥

.The DED1 gene 1s‘cha£agteilzeq and reported to be a

~ <

gene essential for cell viability in yeast (Struhl,

13
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1985). This gene is located 3; to the yeast HIS3 gene. The
nucleotide sequence and transcriptional mao 6f the HIS3
region is presented in Fig. 4. A schematic diagraﬁ of the
sequences located between the HindIII site at position +515
‘and a second HindIII site, which is located just beyond the
end of the seqﬁenced DNA at position +1365 (Strupl,

1581b), is presented in Fig. 11. The HindIII to B4lII (at
positions +515 and +1220 respectively) fragment is located
upstream from leuB on pSBll and the parent plasmid PRS83.
As Fiqgure 11 shows, this fragment consists of the HIS3
t:enscription termination seque?ces upstream from the Xhol

. site, and the DED1 regulatory region and part of the coding

region of the DED1 gene which are located downstream from

L4

the Xhol .site::

.}. a3 .
S W * ‘h.
Excision of the DED1 5' Region from pSBll Results in

Functional Efpression gﬁ leuB
Iflread—through transcription, due to the presence of
the'gggl promoter region prevented tranecriotioﬁ from the
leuB gene, then removal or the DED1 promoter from pSBll;
should permit‘expression of the ;ggg:gene. ;wo plasmids
pSB30 (Figqg. gb) and pSB20 were constructedg These should
have the DED1 promoter region deleted. These two plasmids
were capable of transforming a yeast Kguz strain to 1eu2+§

(Table 5), whereas transformants harboring pSBll could not

grow without leucine supplementation. Therefore, it was

68
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Figure 11 - '

Structural organizatlon of the yeast sequences encoding the

HIS3 3' end and DED1 5! end This schematic view of the

HIS3 3™ end region and DED1 5' end region represents
restriction map of the sequences located between HindIII

sites, at positions +515 and +1365, on Figure 4. The

- numbers at the top of the Figure indicate the locatlon of

the restriction endonuclease sites for HindIII (H), Xhol

(X), and Bgqlll (G), relative to the upstream-most HIS3 mRNA

start site (nucleotide +1, acgording to Figure 4). The

HindIII éo BqlIl portion of the region shown is present in

2

pSB11 (Fig. 2b) upstream from leuB gene. The lower portion
of the-Fiéure sh&ws an eplarged view of the reg{on \
surrounding the Xhol slite at ppsitioh +879. This enlarded
view inaicates the g;gg_translation terminatfon codons (UAA
UAG), the spacer sequences between the two'gehes (black
box), the TATA sequence (T) of DED1 gene, and’ the DED1
translation initiation codon ‘(AUG). Axiongindicate the

direction of transcription.

©
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Figure11
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1

concluded that the DED1 promoter region prevented
functional expression of the leuB gene present in pSBll, in i[

a -«
yeast.

<

-

Base pairing between ccmplementary sequcnces of mRNA
and rRNA is required for translation to occur: both in
prokaryotes (Sh;ne acd Dalgérno, 1974; -steitz and Jakes,
1975; Sprague, 1977) and cukaryotes. However, 5' terminus
‘capping after the injitiation of trcnscription is required
‘for eukaryotic translation to occur efficlently. The'
capging cccur§ by the formation of a 5'-5' pyrophosphate
’linkage and‘c cluster of methyl;groups is added Eo this
structure (Perry and Kelley,‘197})~ Both et al {1975)
spowed that,in a wheat germ trans}ation system no protein
synthesis occurs if uncapped mRNA is used. Muthukrishnan et
al., 1976, showed that decapping of reovirus mRNA (the cap ‘ﬂ_/J
is removed chemically) results in 4-fold reduction in the
ability toQBInd to wheat germ rlbosome.'These results
suggest that capping provides a feature for rbcognitlon by .

‘ ribosomes. Therefore, in eukaryotes translational
@Q;tidtiod“réquires that the ribosomes bind at the capped
5' region. ‘ |
‘v LI

Considering the above, if transcription inltiatiig at

thc DED1 promotcr extended through the approximateiy 1 Kb

of 'DNA between it and the.leuB gene and prevented

=S \



~

L]

transcription of leuB from sequences immediately 5' to
leuB, thén leuB would only be encoded by mRNA initiating at
the DED1 pfomoter. The DEDl1 promoted leuB mRNA would have
an extended 5} end. In this case, it is unlikely that the
yeast translation pachinery could initiate translatioﬂ a€'§
site approprlate £ the functional gxp;ession of leuB.

L3

}NA Blot Analysis-

v
I1f expression of the leuB gene contained on pSBll was

affected due to read-through transcription initiating at

L

the DED1 promoter, then it should be possible to detect a

laige DED1 prdm;ted mRNA species. Furthermore, this RNA T'
should be homologous to the,leucinetoperon sequences -
downstream from the DED& promoter. This was shown to be the
case in t;e results presented in Fiéﬁ}e 8. These results
cleariy §ﬁowed that a ?RNA spec1e§ of approximately 4 Kb
which hybridized to the leucine oberon probe was present in
‘RNA isolated from pSBl1l transformants. This 4 Kb transcript
was .not present in total RNA isolated from pSB30 and pSB20
trénsformantsh Instead, a smaller mRNA species of
approx1m§te1y 3 Kb in size was detected on the
autgiadiogram, in both cases. This‘data supborted the
hypothesis that expresg}on of the leuB gene was prevented

by read-through transcription initiating at the DED1

promoter. Consistant with this interpretation, I found fhat~

[N
.

when the DED1 promoter reglon was deleted to.construct

¢
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‘pSBBO and. pSB20, the leuB gene was'functionall;\éxpxessed
in yeast (Table 5). Furthermore, the brominent 4Kb RNA
specigs was not detected in the ﬁSBZO and pSB30 transformed
LL20-15. |

Growth Rate Studies i -

The growth rate 6?’;§;;% and pSB20 transformed cells
was cdmpared in leucine deficient'media_(Fig. 6). Yeast

+ .cells tranaformed with plasmids pSB30 and pSB20 grew with a
) doubling time of approximately 22 hrs (in minimal media).
In cont%ast, they grew with a doubling’'time of
approximately 2 hrs when ;Electing for expression of the
plasmid born TRP1 gene. The co;trol strain LL20~15,
without plasmid, had a’g;neration time of 2 hrs, when grown
~- = 1in minimal media. supplemented with leuéine and tryptophan. "
These results show tha% in the absence "of, the yeasf DED1 _3
promoter, the leuB gene is functionally expressed, but
poorly. This may be,due to the fact that major différences
exist bet&een eukaryotes and prokaryotes,® such as RNA *
polyﬁerase, ribosomal subunits, transcriptional and
translational initiation ieguirements, post—transcrip?ional

(as discussed above) and post-translational modificati;ns’
(Ratzkin et al, 1977). For example, in yeast, a glven
gene can have multiple upstrgam activator Q;quences which

-could all direct transcription initiation at the same

, position to lhcrease ttanscriptidnal efficlency of the gene



=

~

o . ~ e

oo " o
(Ggarente, 1984). The upstream activator sequences are

S

n bactgria. Therefore, it is posslble that the

o

not found

P

4 bprol nged genera time in pSBZO pSB30, .and pﬁplSl
transfo mants grown in media without leuclne was due to the
fact that\E. coll leuB gene was not transcribed as

g1t N sl feuR Frane
¢ eff‘Fiently as' 1ts eukaryotic cPunterpart. Consistent with
g . R . -
this interpretation is the work reported by McNeil et al.,
1985. This work showed that the cloned E. coll leuB gene is
R . <

’ekpressed weakly in yeast leué mutants,'when transcription

L . of the leuB gene s 1nitiated from its own 5' region.

2
.
14

However, replacement of the 5¢ region of the leuB gene by

+

the yeast HIS3 gene (1nc1ud1ng the transcriptlon and’

. . . ) .

translation initiation signals), results in efficient %

L "‘ - ' \/', pe .
expression of leuB gene in yeast leu2 mutant and enables it

to grow in the absence of. keucipe at a growth .rate o

R oo . :
b . comparable to LEU2 transform d stain. v ’
. t ¢ ) .  E . v (
. . & ) s ) I M ﬂ. '
o The A!.Gene.Region _ - :
9 . .o » : * ¢ ‘ ‘
L The 3' region :?;the A gene of the E.c0li leucine

\ ' .Y (
operon, indicated as A' (approximately 1KB jin size), is

» o

< ~ _present upstream from the leuB gene ingall the plasmids

r . qused‘in this studles-xﬁince bacterial genes wrth related

s N

functiqh are together in a single opéron and are ”

a - { transcrlbed as one large transcript, the At region'probably‘en

- > . r
' dobs not possess any transcription termination N



information for transcripts initiated from sequences B

.located upstream from it. The results of the RNA blot

aqa1y§ﬁs supports this postulate (Fig. 8). If the DED1
promoted transcr ¥pt expressed from pSBl1l, terminated within

the A gene sequences, then the size of the transcript

" detected should be leéss than 1.5 Kb. However, Fhe RNA Blot

analysis showed that the transcript was about 4 Kb. (Fig.
8) . : : B

Upstream Promoter Can Restore leug_AéFivity

1
~

From the .above resuits it appeared that read-throhgh

. + - *
‘tranagription initiating at the DEDl1 promoter prevented

Ty

‘initlation of trénscriptlon from sequences adjacent the-

JleuB gene. This po§§ibility was tested by constructiﬂ% %

plasmid pSB151. pSB151 was ‘constructed by placing a

%ranscriptiantérminator sequence between a proﬁotér

\

’ ]

upstream of leuB and the leuB gene. ’ ) .

2

The mechanism by which the 3' termini of eukaryotie

‘ mRNA a}ise afe'complex (Birxchmeier et al, 1982). Studies on

" tr
.transcrﬁgfion termination in adenovirus type 2 (Nevins et

al, 1980)° and simian virus 40 (Ford and Hsu, 1978) have

'showh that tfanscription pfodeeds past the poly(A) sitex

The addition qstpOIY(A) occ%&s in conjunction with an RNA

chain cleavage rather than transcription termination at

Presence of a Yeast Terminator Sequence Between leuB and an -
S T . , : AT

_G&‘ M

[

75



/
the 3' segquences. Trahsciiptionél termination in animal
cells also appears to occur downstream of the poly(A) site
(Dérnell et al, 1982). A signal sequence of AAUAAA is
?elieved t; be "important for the processing of the larger
;;ecursor molecules and for polyadenylation at the 3'
terminus of the thA (Fitzgerald and Shenk, 1981). This
signal sequence, however, is nop present in sea uréhin

histone mRNAs (Hentschel and Blrnstiel, 1980), and mRNAs

are not polyadenylated.
Ao

¥ In yeast, however, transcription termination and pqu
A add{tion appear to be coupled,-~since gfi messages are
polyédgnylated (K.S. Zaret and F. Sherman, 1982).

The presence of a.conserved repeat seQUénce TTTTTATA ‘
has been shown towbe assoclated with transcription
ferminétiop (Henikof et al, 1983), this sighéi sequence 4
18 not present in all yeast genes, incluQing ﬁ;gg'

(Struhl, 1985). - ,

v

'

.

" Deletion mapping of the yeast HIS3 terminator regioné"-‘

~ (struhl, 1985), has shown that sequences (which are
‘roughly 100-150 ;p'downs;ream:f;om_the translation ’
Ytern&nation-codoﬁs, at positi&n +780 and‘+830 (Fig. 4) are
involved in trangpription‘terminatioq.of g;g; mRNA. These
t?anscription termlngtron‘regiong afe present betweeﬁ Qhe
LEU2 promoter region ana‘Qhé igggngene in b85151. (Kt
2 ) : .

.

X N . .
. . i '»{
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In this plasmid, presence of the LEU2 promoter region, (:;

upstream from the leuB gene did not abolish leuB

1

T g
expression. Phat is, pSB151 transformed LL20-15 strain was

capable of growth in minifmal media without leucine (Table

5). Therefore, presence of -the yeast HIS3 terminator region

between the two promoters (the gggz‘and the leuB gegion),
in" psSB151, allowed the léuB éene to be functionally
expressed in yeast. This suggeﬁteé that, in pSB151,
transcripts initiated at the LEU2 promoter region
terninated at the yeast HIS3 terminator region; before .

reaching the leuB gene. Thus, the leuB gene was capable of

complehenting the pSB151 transformed ley2 cells.

. The result of growth sf;digs on psglél-transfo;med
LL20-15, grown in media yithoﬁﬁ leucine 6?19. 6), is in.
support of the abobe. In media witgoﬁt leucine
supplementation,‘fhe‘pSBlsl transformed cells doubled at

the same rate observed in pSB30 transformed cells, with an-

' increase of approximatley 20 hrs in the growth rate,

relative to their growth rafe in minimal media supplemented
with leucine. These results suggested that, both in pSB30
.and pSB151, transcription initiation of the leﬁg gene 1is

promoted from the -same region, possibly the leuB. 5' region.

’_'Th;refore, presence of the HIS3 terminator reglon between

L g

‘i the two promoters, the leuB promoter and the LEU2 promoter,

in pSB151, could prevent read-through transbription
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