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NTRODUCTION

Protein secretion is a necessary function in the life of a cell.
Among the variety of different fates of a secreted protein in the cell
are: export into the extracellular space, integration into a variety of
membranes, and incorporation into organelles such as the lysosome.
Secretion is accomplished by one of two mechanisms, the first being
the post-translational secretory pathway. In this pathway, the
completely synthesized secrctory protein is targeted to its
destination and translociated. The second mechanism is the co-
translational secretory pathway. In this pathway, the function of
signal recognition particle (SRP) is to target ribosomes translating
pre-secretory proteins to the endoplasmic recticulum (ER)
membrane.

SRP in mammals is a ribonucleoprotein particle that has been
shown to function in protein translocation across the ER membrane
(Walter and Blobel, 1980, 1982). The 118 particle consists of a 7SL
RNA component as well as six polypeptide componcats of M, 72,000,
68,000, 54,000, 19,000, 14,000, and 9,000 daltons; designated SRP72,
SRP68, SRPS54, SRP19, SRP14 and SRPY respectively. Homologues of

mammalian SRP have been found and studied in plant (Campos gt al..




1988), and in genetically tractable systems such as bacteria (Poritzﬂ o
al., 1988a, 1990; Ribes et al.. 1990), and fungi (Brennwald gt al..
1988; Poritz ¢t gl., 1988b).

The mechanism of SRP action, which was first postulated by
Peter Walter and Giinter Blobel (Walter and Bilobel, 1980), is as
follows. An mRNA coding for a pre-secretory protein begins to be
translated by a ribosome. Afler the signal sequence—which consists
of 10-20 hydrophobic amino acids—emerges, SRP associates with the
ribosome-peptide moicty and momentarily arrests translation
(Walter and Blobel, 1980). This affinity cxists only while the
ribosome is translating the mRNA, During the translation arrest, the
SRP complex “docks” on the ER via the SRP receptor (Gilmore and
Blobel, 1983; Savitz and Meyer, 1990). The nascent polypeptide is
completed by the ribosome as it is translocated by an unknown
mechanism through the ER membrane.

In the fission yeast Schizosaccharomyces pombe (S, pombe),
SRP is also an 11S complex and shares many similar features with
mammalian SRP (Brennwald et al., 1988; Selinger gt al., 1991). The
7SL. RNA component is similar in size to and can be folded into a
secondary structure virtually identical to that of human 7SL. RNA

(Zweib, 1985; Brennwauld et al., 1988). The §. pombe protein



5

homoiosues are very similar in size to the mammalian snp-wﬂm._ o
" In S, pombe. SRP72 is 76 kD, SRP68 is 63 kD, SRPS4 is 57 kD
(SRP545p), SRP13 is 23 kD, SRP14 is 1§ kD, and SRP9 is 10 kD
(Selihger gt al., 1991). In mammals, these six proteins consist of two
monomers and two hcterodimers which each serve a specific
function. Removal of the Alu domain (Figure 1), or the 9 kD and 14
kD proteins which bind to it, disrupts translation arrest (Sieggl and
Walter, 1985). By chemical modification, the 68 kD/72 kD
heterodimer has been shown to function in translocating the protein
through the ER membrane (Siegel and Walter, 1983;&. 1988b). The
19 kD and 54 kD proteins associate with 7S81. RNA in domains [l and
IV (Figure 1), but serve different functions.  Under most conditions,
the 19 kD protein is required for the binding of SRP54 to the particle
(Romisch gt al., 1990). This suggests that the 19 kD protein may
mediate a conformational change in 7SL. RNA. SRPS54 is involved in
the recognition of the signal sequence of the nascent polypeptide as
evidenced by photo crosslinking experiments (Kurzchalia et al., 1986;
Kreig et al., 1986). SRP54 was originally thought to bind to SRP via
SRP19. however, recent data shows that the methionine rich carboxy

terminus of SRPS4 can be cross-linked to mammalian 781. RNA
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 (Romisch gt al., 1990; Zopf ¢f al., 1990) and also binds to the E. coli
4.58 RNA (Poritz g1 gl.. 1990; Ribes gt al., 1990). |

Mutants of S, pombe 7SL RNA in the highly conserved domain
IV tetraloop have a variety of phenotypes (Liao gtal.. 1989,
Brennwald gt al., 1991). lmmunopreciptiation experiments show
that disruption of the base pair just preceding the tetraioop in
domain 1V produces a 7SL. RNA that does not stably bind to SRPS545P
(Brennwald ¢t al.. 1991). This implies that SRP54% makes contacts in
that region, and that the closing base pair is necessary for optimal
binding.

SRPS4mam ghares extensive protein sequence similarity with ity
counterparts in fission yeast (SRPS§45P), budding yeast (SRP54%¢) and
E. coli (fifty-four homologue. or fth) (Hann ggal.. 1989). E, colj 4.58
RNA shares some sequence homology and a conscrved secondary
structure with that of the fourth domain of 781 RNA (reviewed in
Poritz ¢t al., 19884). All homologues of SRPS4 can be divided tno
three domains (Figure 2), The amino terminal domain (N domain)
contains a stretch of very highly conserved amino acids, but has not
yet been assigned a function. A domain located in the middile of the
protein contains a GTP binding motif (G domain) (Romisch ¢l al..

1989: Bernstein et al.. 1989), and the carboxyl terminal domain
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contains a methionine rich domain (M domain) which has been
implicated in the binding of the signal sequence as well as 7S1. RNA
(Zopf et al.. 1990; Romisch ¢i al., 1990). The G domain contains four
conserved boxes which are similar to the G-1 through G-4 regions
defined by sequence comparisons of ras, EF-Tu and other G proteins;
however, these exhibit some potentially significant differences as
well (see Figure 3). Deletion mutants of SRPS4 that contain only the
M domain, as well as the M domain plus various portions of the G
domain, are able to bind 7S1. RNA in the presence of SRPHO (Romisch
gt al.. 1990; Zopf gt al.. 1990). Deletion mutants that contain little or
no M domain do not bind 7S1. RNA.

This thesis presents cvidence that SRPS4 is an essential
~component of SRP and that mutations in the G-domain can affect the

‘proper functioning of SRPS4.




Materials:  Restriction enzymes Kpnl, Nhel, Xhol, and Sall were
purchased from New England Biolabs, all other restriction
endonucleases, T4 DNA ligase, 4 DNA kinase, Klenow polymerase
(large fragment), and associated buffers were purchased from
Bethesda Research Laboratories. Tag DNA polymerase was
purchased from Beckman. |- VPIATP and a-2PJdCTP were
purchased from ICN Pharmaceuticals, Inc.  [a-SJJATP and
multiprime DNA labelling system for radioactive DNA labelling were
purchased from Amersham Corporation.  DNA sequencing was
performed using a kit from United States Biochemicals (U.S.B.). 17
DNA polymerase used lor mutagenesis reactions and call intestine
alkaline phosphatase were also purchased from U.S.B.
Otigonucleotide primers for sequencing and mutagenesis, and Xhol
linkers were synthesized at the University of Hlinois Biotechnology
Center. MI3KO7 bacteriophage and bacterial strain BMH71-18mut§
were purchased from Promega Corp.  Amino acid and nucleotide
supplements to media as well as Glusulase were purchased from
Sigma. Bactotryptone, yeast extract, and agar were from Difco Labs,

Novozym was purchased from Novo Industries.
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ical PCR: In order to determine whether the gene
encoding SRPS545P was present in the available libraries in our lab, |
used the polymerase chain reaction. The A-DASH library was
constructc.i by Dave Selinger from a Sau3Al partial digest of 3.
pombe genomic DNA ligated into the BamHI site the A-DASH vector
(Stratagene).  Prior to ligation, A DNA was extracted twice with
phenol:ichlorofornv:isoamyl alcohol (25:24:1), once with
chloroform:isoamyl alcohol (24:1), and then cthanol precipitated. S,
pombe genomic DNA was prepared by Pat Brennwald,  The Psd
library was constructed from a Pstl complete digest of §, pombe
genomic DNA inseried into the pUCILR vector,  The pFL20 library was
constructed from a Sau3Al partial digest of §, pombe genomic DNA
ligated into the BamHl site of the vector pFL20 (Lasson and Lacroute,
1983). PCR was performed in 100 pl total volume containing 50 mM
KCl, 10 mM Tris HCI pH 8.3, 1.5 mM MgCl,, 150 uM cach dNTP, 250 ng
each of oligonucleotide primers M1 and M2 (Figure 9) which amplify
the 3' 600 nucleotides of SRP54Sp 4nd SO0 ng DNA from cach library,

The samples were denatured at 95°C for § minutes before addition of

I unit of Tag DNA polymerase.  The samples were then anneiled at

45°C for 5 minutes, and polymerized at 65°C for 2 minutes. Two

cycles of denaturation at 92°C for | minute, anncaling at 50°C for |
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minute and polymerization at 70°C were followed by 27 cycles of
denaturation at 92°C for 1| minute, anncaling at S5°C for 1 minute
and polymerization at 70°C for 2 minutes. Samples were removed
and analyzed on an agarose gel.

Screening the A bank for SRP54%P:  Bacterial strain P2-392 was
infected with the A-DASH library. The infected cells were plated out
on NZCYM plates (1% casein acid hydrolysate, 0.5% NaCl, 0.5% yeast
extract, 0.01% casamino acids, 0.02% MgSO,;-7H,0, 1.5% aguar) w
1.2 x 10* (1 plate) and 2.4 x 107 (1 plate) plu/plate tfor a total of
36,000 pfu screened.  The plates were incubated at 37°C until
plaques were approximately 1.5 mm in diameter (12 hours).  Plague
lifts and washes were performed by the method described in
Maniatis (Maniatis ¢t al., 1989). The filters were prepared in pre-
hybridization solution (50% lormamide, 25% 20X S$8C, 5% 100X
Denhardt's solution, 5% 1 M phosphate, 8% denatured salmon sperm
DNA, and 0.0625% SDS) for 6 hours at 42°C. Hybridization of the
muitiprimed DNA fragment (PCR product labelled with 50 pCi |-
R2pIdCTP) was done in fresh hybridization solution at 42°C for 12
hours. The filters were then washed for 5 minutes (twice) in 1X

S8C/0.5% SDS and for 20 minutes in 0.1X SSC/O.1% SDS.




INA:  Mini-preps were
performed by the alkaline lysis method as described in Maniatis
(Maniatis et al., 1989).

Large scale plasmid preparations: In cases where large
amounts of plasmid DNA were needed, 250 ml bacterial cultures
yielded approximately 750 pg DNA according o the PEG-8000 DNA
preparation protocol in Maniatis (Maniatis ¢t al.. 1989).

Restriction ¢ndonuclease digestion:  Restriction digests were
performed in 20 pl volumes with 0.5 - 1.0 pg DNA, 0.1 volume 10X
reaction buffer. 1-10 units of restriction cnzyme (depending on
application), and water 10 volume.  The digests were performed at
37°C for | hour and electrophoresed on a 0.7% agarose gel,

Jrobe i ing: 250 ng DNA was labelled in o S0 pl total
volume with 50 pCi |¢-V?PJdCTP according to the instructions
provided with the kit,

) apalvsis:  Southern blotting and probing were
performed as described by Maniatis (Maniatis ¢t al., 1989).

DNA sequencing: Double stranded DNA sequencing was

11

performed as follows. 3 pg DNA was dissolved in § ul ddi,O. To this

was added | pl 100 ng/p) sequencing primer and | ul 0.5 M NaOH.

The reaction was heated to 70°C in a water bath and allowed to cool




to 25°C over a period of no less than 30 minutes. To this, 1 pl 0.5 M
HCI was added, making sure that the acid precipitated DNA was
resuspended.  From here, the protocol provided with the U.S.B.
secquenase kit was followed as though the DNA had just been
resuspended after annealing.  Single stranded DNA sequencing was
performed using the protocol in Maniatis (Maniatis ¢t al., 1989).
inasing: 2 ug linker was Kinased in a total volume of

25 pl using 2 units T4 polynucleotide kinase in 60 mM Tris HCI, |
mM ATP, | mM spermidine, 10 mM MgCl,, 15 mM DTT. The reaction
was incubated at 37°C for 45 minutes.

Ereeze-squeeze DNA purification: A gel slice containing the
DNA frugment of interest was excised from a GTG agarose gel and
minced into tiny fragments, 200 pl TE and 400 pl TE-saturated
phenol was added with the minced gel frugments to an eppendort
tube. This mixture was frozen on dry ice/EtOH for 5-10 minutes,
then warmed to 37°C.  The sample was then vortexed for | minute,
spun in a microfuge for § minutes, and the aqueous phase removed.
One extraction in phenol/chloroform and one extraction in

chioroform was performed. 0.5 volume NH,OAc and 2 volumes EtOH

were added, and the DNA precipitate collected by centrifugation.
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Phosphatase treatment: 10 pg of restriction ecnzyme cut DNA
was treated with 10 units of calf intestine alkaline phosphatase
(CIAP) in | mM ZnCl,, | mM MgCl,, 10 mM Tris HCI pH 8.3 for 30
minutes at 37°C.  Another 10 units were added and the reaction was
incubated another 30 minutes at 37°C before extraction and
precipitation of DNA,

Ligation reactions: Blunt-end ligations were performed on 1 pp
CIAP treated DNA in 66 mM Tris HCl pH 7.6, § mM MgCl,, 5§ mM DT,
100 mg/ml BSA, | mM (NI1;) Co*Cl', 0.2 mM ATP, 0.5 mM
spermidine with 2 units T4 DNA ligase for 2 hours at room
temperature. Overbanging-end ligations were performed on 1 g
DNA in 50 mM Tris HCI pH 7.6, 10 mM MgCl,, 10 mM DTT, 50 pg/mi
BSA. The reaction was first heated to 37°C for § minutes 10 denature
pre-ligation sticky-end anncaling.  ATP was added to "0 mM and 2
units T4 DNA ligase were added. The reaction was incubated at 16°C
for 16 hours.

Construction_of SRPS45?: The 5.8 kb EcoRlI fragment from the A
clone, carrying the SRPS45P gene (Figure 9) and substantial amounts
of both 5" and 3’ flanking sequences, was ligated into the EcoRI site of

the polylinker of pTZIBU (a kind gift of Byron Kemper).



m_’-‘fﬂ.vu\.x‘_'-_: TS NTTEIL ten e a e T T
wek e

14

Construction of SRPS45°DEL: The 1.1 kb Nhel fragment (Figures
9.10) was excised and the complementary eads ligated together with
T4 DNA ligase.

Constryction of SRP54SPLEU: SRPS4SPDEL was opened up with
Nhel and treated with Klenow in the presence of 2.5 mM dNTP's 10
fill in the overhanging ends.  Xhol linkers were Kinased and
annealed.  Vector and linkers were ligated according to the blunt end
ligation protocol.  This reaction was digested with Xhol to remove
excess linkers. DNA was extracted and precipitated. The DNA was
then treated with T4 DNA ligase and transtormed into bacterial
strain. NM-522 according to the CaCl, method and plated out onto
2xYT plates (1.6% bactotryptone, 1.5% agar. 1% yeast extract, 0.5%
NaCl, NaOH to pH 7.5) and incubated at 37°C for 12 hours, Isolated
bacterial cultures were mini-prepped. digested with Xhol, and
analyzed on an agarose gel, confirmed the linkering.,  Plasmid YEp!3
(Figure 10) was digested to completion with Pstl, Xhol, and Sall.
That digestion along with the linkered SRPS4SPDEL construct were
ligated together. This ligation was transformed, mini-prepped,
digested, and analyzed on a gel 1o find the proper construct (Figures

9.10).

L e s .: £
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Construction of pUTZ4: Plasmids pIRT2 (a kind gift of David

Beach) and pURA4 (a Kind gift of Paul Russel and Paul Nurse) (Figure
11) were separatcly digested with Hindll to completion.  The 1.76
kb fragment of pURA4 and the backbone of pIRT2 were separately
isolated on preparative mini-gels and puritiecd by the frecze-squeeze
method. The 2 DNA fragments were then ligimed together,
transformed, mini-prepped, digested. and analyzed on & mini-gel to
find the proper construct.

Construction of pUTZ-54K +: The plasmid pUTZ4 (Figure 11) was

digested with BamHl to compiction.  The plasmid SRPSAS? was
digested with Bglll to completion.  The 3.2 kb fragment from
SRPS545P was isolated by the freese-squeeze method and ligated 1o
the complementary BamHI ends of pUTZ4. Fhis ligaton was
transformed, mini-prepped. digested, and analyzed on an agarose pel
to isolate the proper construct.

ans ation _of veast: The S, pombe diploid strain
SP629 containing the SRPS45P knockout (ade6-210/ade6-216  leul-
32/lcul-32  urad-/urad:  SRPSASP/SRPS4SP*) was trunsformed with
SRPS4SP constructs in the following manner.  Cells were grown to 1.0
x 107 cells/ml in EMM?2 + uracil liquid media (Mitchison, 1970).  Cells

were spun down and washed in 0.2 volumes LTE (0.1 M LiOAc, 10
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mM Tris HCI pH 7.4, | mM EDTA). Cells were spun down,
resuspended in LTE at § x 10% cells/ml and incubited wt 30°C for 30
minutes. Addition of 2 pug DNA and 350 pl PEG solution (50% PREG-
3500, 10 mM Tris HCI pHE 7.4, | mM EDTA) was tollowed by
incubation at 30°C for 30 minutes and heat shocked at 42°C for 20
minutes. 0.5 and 0,05 volumes of this mixture were plated onto
EMM? media with no supplements.  Colonies that grew on these
plates were diploids that contiain the knockout (Leu®) and the
plasmid containing the mutant (Ura*y,

Gene disruption:  In collaboration with Steve Althoff, an
MD/Ph.D. student in our lab, the SRPSISPLEL construct—which both
removed an cntire domain of the protein and conferred leucine
prototrophy to the SP629 §. pombe strain—was used to perform the
disruption.  SRPS45PLEU was digested with Bglll,  The 5.2 kb
fragment containing the gene knockout construction with 300 nmt of §°
flanking scquence und 1.8 kb of 37 llanking sequence was purified by
the hydroxyapatite/gel filtration method ol DNA  purification
(Maniatis ¢t al.. 1989).  This purified fragment was then transformed
into SP629 by the spheroplasting method (Beach gt al.. 1982).

Random spore and Southern analysis were used to confirm
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integration of SRPS4SPDEL into the SRP54SP locus. Southern bols
were probed with a random primed copy of SRPS4SPDEL.

Random spore analysis:  Transformants were placed into 1| ml
of 100 mM NaOAc (pH 5.2) with 20 pl glusulase added to remove the
ascus walls.  After 24 hours of incubation ar 30°C, the mixture was
plated onto YEA plates (Gutz ¢t al.. 1974) and allowed to grow at 30°C
for 4-5 days. The individual colonies were streaked onto another
YEA plate, grown for onc day, and replica plated onto selective
media.

gpenesis: 3 ng kinased oligo was annealed 1o

1.5 ug single stranded pUTZS4K+ DNA at 70°C in 20 ul total volume
containing 1X sequenase buffer.  This was allowed to cool 1o room
temperature in a water bath,  ‘The elongation reaction was performed
in a total volume of 40 ul containing S mM DTT, { mM (each) ANTP's,
I mM ATP, 2 units sequenase, and 2 units T4 DNA ligase. This
mixture was set on ice for 5 minutes, set at room temperature for 3
minutes, then incubated at 37°C for 6 hours. The mutagenesis
reactions were then transformed into bacterial strain BMH7I-
18mutS and plated onto 2xYT plates containing ampicillin.  Mutants
were assayed by double stranded sequencing using the protocol

supplied by the manufacturer (U.S. Biochemicals).



RESULTS AND DISCUSSION

Strategy for Cloning SRP545P: Peter Walter's lab at U.C.S.F.
cloned the SRP545P gene as a 3 kb Sstl fragment with very little
flanking sequence, especially on the 37 end.  In order to create a
genetic disruption of the gene in 8, pombe, we needed to clone a
larger fragment; about 1 kb on cither side of the selectable marker is
gencrally desirable in this organism (Russell, 1990).  Oligonucleotide
primers M1 and M2 were originally designed by Pat Breanwald, a
former graduate student in our lab, according to the published
sequence of SRP545p (Hann ¢t al.. 1989). A 0Y0 basc pilil’ sequence
of SRP545P was amplificd by the polymerase chain reaction (PCR) and
inserted behind a trp promoter and a tragment of the wrpE gene to
allow the over-expression of the M domain of SRPS45P (Brennwald g1
al.. 1991). I used M1 and M2 as PCR primers to test a number of §,
pombe DNA libraries for the presence of SRPS45P,  All libraries gave
a band of the proper size (Figure 4 A).

Isolation of the A clone: The A-DASH library was chosen as the
vector from which to do the subcloning duce to the rapid and easy
screening procedure.  The A plating was successful; it showed the

proper number of hybridizations for the size of the insert relative to

| 8



the size of the §, pombe genome. To isolate the SRPS45P gene,

approximately 36,000 plagques were screened.  Assuming an average
size of 16 kb, this represents approximately 36 genome equivalents.
The probe hybridized to 39 plaques (Figure 5), suggesting that
SRP5450 is present as a single-copy gene. The DNA frugment used to
probe the filters containing the A DNA was the 690 base pair
fragment gencrated by PCR as described above, which was tabeled
by random priming in the presence of [a-2P|JJCTP. Eight plaques
were isolated and tested by PCR for the presence of the SRPS4SP
insert (Figure 4 B).  Scven did contain SRPS4SP. Numbers 3, 4, 8, and
6 werc chosen to proceed with further purifications.  Three
subsequent plaque purifications were done to ensure that the only A
inscrt 1 was subcloning was SRPS545P, Figure 5 shows the last plaque
purification which shows no convincing positives for 54-5; therefore
subcloning was continued with the 54-3, 54-4 und 54-6.

Large A DNA preparations were made to isolate material for the
subsequent DNA subclonings. This DNA was digested with EcoRl,
BamHI, Sstl, and Pstl and Southern blot analysis performed (Figure
6). Each A clone contained the exact same Southern profile.  The
EcoRl digest contains a doublet due to incomplete digestion,  Since we

wished (o have extensive 5' and 3 flanking scquences, and since the




Sstl fragment is not much larger than the gene itself, I chose to

subclone the EcoRIl fragment,

Subcloning of SRPS45P: [ took a complete EcoRl digestion of $4-

3 and 54-6 and ligated it into the EcoRI site in the polylinker of

pTZI8U. To test for the presence of the SRP545P inscrt, I performed
colony hybridizations on 398 colonies each of 54-3 and 54-6. The
autoradiographs showed several positives on each plate (Figure 7).
Six colonies were chosen from each. These were restriction mapped,
and one from euach clone was sequenced for positive identification,
The clone 54-3.5 (now SRPS545P) was chosen for further analysis. A
battery of restriction enzymes were employed to make a detailed
restriction map. These digests were then Southern blotted to aid in
locating the coding sequence (Figure 8).

Knockout strategy: In order to make a construct capable of
genetically disrupting the function of this protein, we wished to
eliminate as much of the coding sequence as possible while still
maintaining the 5' and 3' flanking sequences. In order to do this, the
restriction enzyme Nhel was used to remove a 1.1 kb fragment of
the gene and 187 case pairs of 3' flanking sequence (Figures 9,10).
The resulting plasmid was named SRP545PDEL. To test for the

disruption ip yivQ, either a drug resistance or nutritional marker
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must be employed. The Saccharomyces cerevisiae LEU2 gene was
chosen. This gene complements the §, pombe leul mutation found in

the strain SP629. LEU2 was isolated from the plasmid YEp13 (Figure

10) as an Xhol/Sall fragment. SRPS545PDEL was linkered to accept
LEU2, and SRPS4SPLEU was born. The Bglll fragment of SRPS4SPLEU
was used to make the genctic disruption.

Genetic disruption_of SRPS45P (Figure 13): Recombination in §,
pombe is not 100% homologous, so extensive screening must be done
to make sure that the knockout construction has been inserted into
the proper locus. After the linear Bglll fragment was purified, it was
transformed into §, pombe strain SP629 by the spheroplast
transformation method. The transformants were plated onto EMM?
minimal media supplemented only with uracil. SRPS4SPLEU colonies
that grew were diploids which contained some form of the Bglll
fragment, since SP629 cannot grow on minimal media that has aot
been supplemented with leucine. The LEU2 gene can have one of
three fates at this point in time. First, it can be maintained as an
extrachromosomal element; second, it can recombine at the proper
locus; or third, it can recombine at a non-homologous position. The
first case is eliminated by curing the yeast of the extrachromosomal

LEU2 gene by growth for several generations in media containing 2X




leucine. Removal of selection for the LEU2 gene causes the cells to
eliminate it. A! this time, the cultures were plated onto rich media.
Diploids were picked to minimal plates supplemented with uracil.
Only in stable transformants do one hundred percent of the cells
form colonies. As an assay (o show that the disruption took place,
random spore analysis was performed. Table | illustrates that the
disruption has occurred, and that SRP545P in essential. Upon
sporulation, the Leu+ knockout strain heterozygous for the disruption
gave rise to no Leu+ haploids since the LEU2 gene segregates with
the disrupted copy of SRPS545P.  When transformed into the knockout
strain, the wild type SRPS45? contained on the plasmid pUTZS4K+
complements the disruption, supgesting that lethality was due solely
to the disruption of SRP545P. To ensure that proper recombination
occurred, Southern blot analysis was performed (Figure 14). The
wild type Bglll fragment appears as a 4.2 kb band, and the knockout
construct as a 5.3 kb band, confirming that the diploid contains one
copy of euach. In combination, these experiments provided definitive
proof that the disruption was successful and that SRP545P is essential
for viability of §, pombe. We previously showed that the 7SL. RNA
component of SRP is essential in §, pombe (Brennwald ¢t al., 1988).

The budding yeast Saccharomyces cerevisisge SRP54 homologue
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(SRPS545¢), as well as the RNA component of S, cerevisiae SRP, are not
essential.

Mutational analysis of the GTP domain of SRPS45P: The highly
conserved amino acid sequences of GTPase proteins (rcviewed in
Bourne gt al.. 1991; Figure 3) suggests that a strict structural and
spatial arrangement of the GTP binding domain must be maintained
for GTPase function. There are four discrete regions, designated G-1
through G-4, which participate in the GTPase function of a G protein
(Figure 3). The roles of each of these have been ascertained from the
X-ruy crystal structure of p217 (Bourne gt gl., 1991). The G-i
region is responsible for the binding of the w- and B- phosphates of
GTP. The G-2 region is responsible for coordinating a Mg2* ion within
a pocket that also contains the B- and y- phosphates of GTP. This
Mg2* ion is absolutely essential for GTP hydrolysis. G-3 contains an
invariant Asp residue that is involved in coordinating the Mg23* ion
through an intervening water molecule. It also contains an invariant
Gly that is hydrogen bonded to the y phosphate of the GTP. G-4 has
been shown (o hydrogen bond to the guanine ring, stabilizing the GTP
during catalysis.

As noted in the Introduction. SRP54 contains a GTP binding

motif. SRP54™2M_ in conjunction with the mammalian SRP receptor
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and SRP RNA, has been shown to hydrolyze GTP (Poritz gt al.. 1990).
The G-4 domain of the SRPS4 GTPases, along with dynamin and VPSI
(Char et al.. 1990), have one striking difference from other G
proteins: specifically, the single letter amino acid code for the G-4
consensus is TKXD in these GTPases proteins, rather than NKXD as in
the p21™* consensus (Figure 3). Since there is a divergerce at this
residue, | decided to mutate it to both a conservative and a non-
conservative amino ucid to determine the effects on SRPS4SP
function. The threonine at amino acid position 248 (T248 in
SRP545r) was changed by site directed mutagenesis, conservatively
to a serine (T248S). and non-conservatively to an arginine (T248R)
(Table 1). The strategy for assaying mutants in the knockout strain is
illustrated in Figure 15. As shown in Table [, the mutant T248S
complements the disruption, thus conferring viability to the spores
which contain the disrupted copy of SRP545P. This suggests that a
small, conservative change in that amino acid does not interfere with
the function of the protein. T248S was assayed for temperature
sensitivity, cold sensitivity, and osmotic temperature sensitivity
(Liao gt al., 1989) and had no conditional phenotype. In contrast, the
mutant T248R was not viable. As arginine is not at all a conservative

change, one might suggest that the asparagine or threonine residue
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present in wild type GTPases, as well as the serine in T248S mutant,
are able to hydrogen bond to the guanosine ring, while the bulky,
charged arginine prevents nucleotide entry and/or binding to that
region of the GTP binding domain. It will be especially interesting to
see whether changing the threonine to asparagine, as found at the
corresponding position of p21'™ and EF-Tu, gives a functional
SRPS545P protein. | am currently creating this mutation,

In summary, I have found S, pombe to be a excellent organism
with which to do my experiments, The ability to genetically
manipulate this organism makes studying protein secretion very
feasible. Most proteins studied in higher cukuryotic jn yitgg systems
depend on SRP for translocation. S, pombe SRP closely resembles
mammalian SRP structurally. Thus, since SRP components are
essential in S, pombe. but not in §, cerevisiac, results derived from
this particle in S, pombe should provide insights into higher

eukaryotic SRP function.




~ - .,
4 al

Andcazzoli, M., and Gerbi, S. A. (1991) EMBO 10, 767-777

Beach, D., Piper, M., and Nurse, P. (1982) Mol, Gen, Genet, 187,
326-329

Berastein, H. D., Poritz, M. A., Suub, K., Hoben, P, J., Brenner, S.,

and Walter, P. (1989) Nature 340, 482-4806

Bourne, H. R., Sanders, D. A., and McCormick, F. (1991) Nature
349, 117-127

Brennwald, P., Liao, X.. Holm, K., Porter, G., and Wise, J. A.
(1988) Mol. Cell, Biol, 8. 1580-1590

Brennwald, P., Selinger, D., Stevens, S., Althotf, §., Hann, B,
Watlter, P., and Wise, ). A, (1991) Manuscript in

preparation,

Campos. N.. Palau, J., Torremt, M., and Ludevid, D. (1988) 3ijo
Chem, 263, 9646-9650

Gilmore, R., and Blobel, G. (1983) Cell 35, 677-685



Gutz, H., Heslot, H., Leupold, U., and Lopricno, N. (1974) in

Handbook of Genetigs (R. C. King ed) Plenum Publishing
Corp., New York

Hann, B., Poritz, M. A.. and Walter, P. (1989) J, C¢ll Biol, 109,
3223-3230

Kreig, U, C., Walter, P, and Johnson, A . (1980) Prog. Nl

Acad. Sci. L.S.A. 83. 8601-8608

Kurzchalia, T. V.. Weidmann, M., Girshovich, A. 8., Bochkareva,
E. S., Bielka, H.. and Rapoport, T. A. (1986) Nature

320, 634-636
Lasson, R., and Lacroute, F. ¢1983) Cell 32, 371-377

Liao. X.. Brennwald, P.. and Wise, J. A. (1989) Proc, Natl, A¢ad.
Sci, 86, 4137-4141

Maniatis, T., Fritsch, E., and Sambrook, . (1989) Moleculat
Cloning: A Laboratory Manual (2nd Edition) Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY

Mitchison, J. M. (1970) Mgth, Cell. Physiol. 4, 131-154




Obar, R. A, Collins, C. A., Hammarback, J. A., Shpetner, H. S., and

Vallee, R. B. (1990) Nature 347, 256-261
Poritz, M. A., Strub, K., and Walter, P. (19884) Ce¢ll 85, 4-6

Poritz, M.A., Siegel. V., Hansen, W., and Walter, P. (1988b) Proc,
Natl, Acad. Sci. US A, B5. 4315-4319

Poritz, M. A., Bernstein, H. D., Strub, K., Zopf, D., Wilhelm, H., and
Walter, P. (1990) Sc¢ienge 250, 1iH1-1117

Ribes, V., Romisch, K., Giner, A., Dobberstein, B., and Tollervy, D.

(1990) Cell 63. 591-600

Russell, P. (1990) in Molecutar Biology of the Fission Yedast (Nasim,
A.. Young, P., and Johnson, B, F. eds) pp. 244-272

Academic Press, NUY.

Siegel, V., and Walter, P. (1985) L Cell, Biol, 100. 1913-192}

Siegel, V., and Walter. P. (1988a) Proc¢, Nutl, Acad. Sci. U.S.A,
85, 1801-180S

Siegel, V., and Walter, P. (1988b) Cell 52. 39-49

Romisch, K., Webb, )., Herz, J., Prehn, S., Frank, R., Vingron, M.,
and Dobberstein, B. (1989) Nature 340, 478-482




Romisch, K., Webb, J., Lingelbach, K., Gausepohl, H., and

Dobberstein, B (1990) [, Cell Biol, 111. 1793-1802
Savitz, A. )., and Meyer, D. 1. (1990) Nawre 346, 540-543

Selinger, D., Brennwald, P., Liao, X., Ma, M., and Wise. J. A,
(1991) Manuscript in preparation,

Walter, P., and Blobel, G. (1980) Proc¢, Natl, Acad. S¢i, U.S.A. 77,
7112-7116

Walter, P., and Blobel, G. (1982) Nature 299, 691-698

Zopf, D., Bernstein, H. D., Johnson, A. E., and Walter, P. (1990)
EMBO 9, 4511-4517

Zweib, C. (1985) Nucl, Acids Res, 13. 6105-6124




Spore YEA Ura+ Leu+/Ura+  Leu+/Ura-

Knockout 66 0 0 0
Wild type SRP34 66 61 37 0
SRP54 T248S8 66 63 38 0
SRP54 T248R 66 59 0 0
Table 1.. Random spore data for complementation with wild type

SRP545 and mutant derivatives.
30




31

l Aly doman \ S domain ]
[ 1 1
Ve
R 'Y
TR
-t
e <5 99
. t -c\p
\. HE S
r . ‘aleg . \
/ . v ¢ N
/ | ¢
/ St |
. , by \
. [ X3 5
f . . 0
< ,
i s ! i "‘E " 1 }
. ; 4 - e |l’.-a -y !

» .uv“ ..t K - ¢ s vcot. (e‘
Ceieand Cusaabustadutctuec IVEIANETLCCILY vuesess e h
lllllllllllllllllll RN - [ e . .
Flutute Sittueretutadiinne, snuetis N0 yesvebe 4 HE

. "y s
e ne e t . l‘:‘.\,. 1 ".‘_:‘:. | |
* o ‘.‘ +
{l 5 b’ a5
! [}
i 3

p68/72 7

ELONGATION ARRESY TRANSLOCATION PROMOTION SIGNAL RECOGNITION

Figure |. Secondary structurc of mammalian 7SL RNA and position
of SRP proteins (taken from Andreazzoli and Gerbi, 1991).




Lol
»
= >

-3

< =zt X
>
v

L=
>

0o X Q » 0O m = m ™

NAI
N DR
G IR
DFG
YFI
ERL
FRD
HNDE
LFYE
RYFEA
DPRAQ
redil
QFQN

Figure 2.

° 20
NSALGDFSKA
40 S0
TALL ETDVNYVYRLVDQ
70 20
QGIN GKRIVQKXKAYVYTYF

1
GRRL

TSYNEELYVD
ELRSNIKK
DELCSLYD

100 (‘]

K KGR psvxnnvm'r?c
130

RRGL KSCLVAAmFDQL

160 170
VPYF GSYTETDPVY

$0 200
IIVE‘ZI}ERHQQDQE

220 230
TIHI LDASIGQAAE

S 240
zmc}uxccou.

L

C

P

P

Q

R

A4

Q

I

280 2%

GEHIN DLERFSPRST

Ito 320

HVQSL DFDKKNNVYKN
340 %0

GNIMKX LGPLSKNASH
170 380

GSLRN XKRNLYIVDSH
400 410

PSRVL RYARGSGTSY
40 440

HAKKI GGKDGILGKL
460 470

AAHNQX RNQANGHGGG
490 $00

ENANN LHNGGGGPGGA
520

QXPPR RR

X
P
S
K
ITAKXKEGVYDXEF
LFAENVYETIS
SQSXAFKET
SAYAATKTEP
G 611
ISXLL|IGLGD
R

N

G

Q

K

3t

LEQGKTFTY
IPGHSNINOHN
TEQELTDSD
LEVEETTIS
GGNPAAAL
HPGLNPGS
GGNDFSGHL

30
T
0
I
2”0
4
120
¢
150
Q
180
X
210
D
240
A
270
I
300
L
330
D
e
G
390
L
420
Y
asc
X
420
N
s10
N

Predicted amino iacid sequence of S, pombe SRP54SP, GTP
binding domains are boxed. N. G, and M domains are

delineated.




GTPasc consensus
SRPS4mam
SRP34sp

SRP54sc

E.coli{fh

G-1

(-2

G-3

G-1

33

. PN ot RN
.’.C \.'u"-r_"""n‘lE-\v_.‘..‘u

vimiwGLOESENT

U= (¥yn-3

? see, -
c -t RAGAH

CJIOORYALIX

11ivDTSSeh

GOGOTLEYD

svivIELL

LimEvQLOSSZET DIFRAGH i1ivRTSHGrh aiilIKLDR
virmvQLOGSEET DTYRAGAH viivDT5Grh aviiTKLD
velmagleca it vllvDTaGrl gvv1IKvD

X « Any Amino acid residuc
0 = Hydrophillic residuc
} = Hydrophobic residuc

Figure 3. Boxes G-1 through G-4 of GTP binding domains of the
GTPase consensus sequence (Bourne ¢ial.. 1991),
SRPS4mam_ SRPS45P, SRP545¢, and frh.




= S - .
N
v
.w — - .
s P
e o
: -
I =, |




¥
x
e
. 4 o’
00 A( *a
" o 4 .. .
[ 0 y .
.
A
t ., -
t . '] . X A 4
Y ? ‘
’ . ® * .
Se Y
Oo . LA e ¥
- . . - hd - »
» “. . -
* . .
| QA L T e - .
i ] . 4
‘ .
\ . . -
LY '.. ‘. -
o d 'l‘ TR .y Ly
. 9 A e Y Ak PR
. ¢ * .
[ el ’ . *” * . "
.0 . . .Qo \
. DA N.',,f s . . -
-, . : . * .‘.. . s, e\
Lt R A
‘ ° LA . .
. LLIIA &.‘. 0 ., Lt + e . N
o PR 0"":7\ o . C I
..0. .. ’ .‘s v 2 l... * " .‘. 0 . °-
AR B NIAT R "{.l.' - ¢
v .‘\\ . ’ ' LY .~~ - M »® . .
¢ ¢ @ L 4 b4 '] : .
* Y 2y .
. . > * PR - . n'&‘ 0‘ 7 [
‘. . . »5'- « !
e «* L]
v .
3 « 4 -
.
\, o
i \
- ’
L
¥ 4
-~ . -
; s
i '(
.:’ .

Figure 5. Plague \th‘i;iizq;i ms. Top 2 ftiliers are duplicates
containing 1.2 x \0“ plaques/plate.  Next 2 filters are
duplicates contaiping 2.4 x 10 plaques/plate. Circled
plaques were picked. Bottom 4 filters are the final
plaque purifications. All plaques on the plate gave
signals detectable in the autoradiograph.




z -

= - ~ =

— gt ttm g - ay v -~

— o ™ e . _—_ - N
—_— T = v oo T = v - == Lz - v by
- S ::. -7 ‘“ e w2 v == -~

-— T - e - - -

™ 3 PR .T “? ‘7 .? Ty T 4

he e Sihe dihs 4 T vt -t iadis e Sy 4
Ll W, N Wy M, W, V0, 0 0, MM, W, e, b

— -— -

— - — — — —

r — ~ — -y o

- -~ — - —_—

-~ o — - - i - — = s .-
- - - -~ - e - -- - hd - -
- - - ’ - ] e ’ - . " .

- - am - P -
—_— - Ve - — - f Z. [ -— I'4 e
nd - - -t -1 i < -~ -~ -

. . . . ' . .

- - - e -— -y R d . 2 4 e -~-
" " b Vv i “ ". ’ e 4 : (K3

.
<@ -

"
¢
{d

Ficure O \. Avatone veb ot 2 DN diests Sev Matereads and

Methods tor dotanbs
I3 Southern blat of A probed with the randon puned
PCR tragment. 2 bands lrebe up o the fooRD e

due to meomplote digeston, V3 R Sacl Trment

v mdicative of SRPSTY oHuann ¢ gl JUSNY




37

§$4-6

Figure 7. Colony hybridization of SRP54%0 subclone in pTZ18U.
DNA was probed with the random primed PCR product.
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Figure 13. SRPS4Sp disruption strategy.
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COMPLEMENTATION OF SRP54 DISRUPTION
WITH PLASMID BORNE GENES
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Figure 15. Strategy for complementation of SRPS545? disruption with
the wild type gene. or plasmids carrying point mutations.




