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Section 1
Fission Yeast Growth, Maintenance and
Classical Genetics

1.1 Some facts about S. pombe

haploid cell: 12-14 pm at division
3.5um width-constant
diploid 24pm length at division
5um width-constant
1-2x109 cells (haploid) 0.5gm net weight

average 2C DNA content for haploid wt 33.8fg/cell
average protein content for haploid wt 10pg/cell
average RNA content for haploid wt 3pg/cell (1-2% of which is polyA+)

1.2 Storage of S.pombe Cells
Generation of Glycerol Stocks for Long Term Storage

1. Grow up cells in 0.8ml YES medium at 25-32°C for 2 days.

2. Mix with 0.8 ml of YES containing 50% glycerol (yellow freezing mix) in a cryotube.
Place cultures at -700C. The cells can then be stored at -70°C and remain viable for
several years at least. It is wise to make a duplicate each time and store it in a different
freezer. All new mutants or strains constructed should be deposited in the main
laboratory collection.

When using cells requiring the active nmt promoter to survive, freeze them in
supplemented minimal media and 50% glycerol.

Shorter Term Storage

For short term storage cells can be kept as patches at 4°C on YES slants (last 6-8 months)
or agar plates for at least 2 months. Plates should be sealed to prevent drying out with
tape or parafilm. Strains do not store well on minimal medium or Phloxin B
supplemented medium (as the cold prevents the cells from pumping out the Phloxin B).
For shorter storage cells can even be stored sealed on the bench. Cells can be patched
out overnight before use.



Re-isolation of Frozen Cultures
For strains stored on glycerol at -70°C:

1. With a sterile spatula scrape off a small amount of frozen glycerol stock and patch
onto a YES plate, keeping the stock frozen.

2. Incubate at 25°C-32°C for 1-4 days, depending on the strain.

3. When growth is visible streak out to single colonies on YES and incubate at 25°C-
32°C for 2-3 days.

Strains stored as slants or patches are streaked out onto YES plates directly, and
incubated at 25°C-32°C as appropriate.

It is essential to check the phenotype of any re-isolated strain before carrying out any
genetic or molecular procedures.

1.3 Testing the Phenotype of a Strain
ploidy

mating type

testing the genotype by PCR
temperature/ cold sensitivity
auxotrophy

adenine mutants

AR N

It is best to wake up strains on YES before replica plating to test for markers, ts/cs or
ploidy etc. After testing a strain in these various ways, it can be stored as a patch at 4 °C
on YE agar and generally used for 2-4 weeks without further testing. It is especially
important to test regularly for ploidy in strains which diploidise with high frequency
(every 2-4 weeks) It is advisable to re-isolate strains from patches/slants kept at 4°C
every 6-8 weeks if they are in constant use. Strains which are only used occasionally can
be kept on a slant for 6-8 months and only checked when they need to be used.

1) Ploidy

It is important to check the ploidy because certain strains of S. pombe diploidise at a
high frequency. Haploid cells divide at approximately 12-15 pm in length and are 3-4
pm in width. Diploid cells are both longer (20-25 pm at division) and wider (4-5pum);
they are also less viable than haploid cells and a diploid colony contains more dead cells
(1-5%). Phloxin B is a stain that accumulates in dead cells, which become stained dark
red. By growing a strain in YEP plates it is possible to screen for haploid colonies, which
will be stained light pink whereas diploid colonies will be darker pink. This can be
confirmed by microscopic examination of the cells. Streaking of strains on a plate next



to a known haploid can help identification by having cells of both types in the same
microscopic field.

2) Mating type.

To test for the presence of homothallic h90, the strain is streaked out to single colonies
on YE and then replica plated to malt extract, incubated below 30°C for 3 days to allow
conjugation and sporulation to occur and then held over a petri dish containing iodine
crystals for about 1-5 minutes. h?0 colonies will be stained black due to the presence of
starch in the spores. Often sectored colonies are seen.

To check mating type the strain should be crossed to h+ and h- tester strains (see later)
and tested as above. PCR can also be used see below.

3) Checking the genotype using yeast colony PCR.

Also see following protocol (Determination of mating type by PCR) for a an alternative
protocol

Solutions
PCR mix: prepare enough for the number of PCR reactions planned + 1

per reaction: 42 ul water
5 ul 10x Taq reaction buffer (including 1.5 mM Mg*™),
(Note: 10x Vent buffer from NEB may be used instead)
0.5 ul 10 mM each dNTP
1 pl 50 uM primer 1
1 ul 50 uM primer 2
495 ul

1. pick colony and resuspend well in 30 pl PCR mix in a 0.5 ml PCR tube. Total amount
of yeast is a "match head full" and solution will be cloudy upon resuspension.

2. boil 5 min (use PCR machine: 5 min 100 °C, then 4 °C)

3. to the remaining PCR mix add 0.5 pl Taq polymerase (2.5 U) per reaction. Add 20ul of
this mix to each PCR tube and overlay with oil.

5. amplify 30 cycles: 94 °C 30 sec / 50 °C 30 sec / 72 °C 30 sec

Note:

a) optimal annealing temperature may vary depending on Tm of primers
b) allow approximately 1 min at 72 °C per kb of extension.



6. extend final cycle at 72°C for 10 min to ensure complete extension of products, then 4
°C.

7. remove 10 - 15 pl and check on a gel. Gel purified band can be directly sequenced.

(This protocol doesn't work with Vent polymerase)

Determination of the mating type by PCR

Using mat1-P and mat1-M specific primers, it is possible to determine the mating type of
a strain even if it is sterile. With common primer MT1, the mat1-P specific primer MP or
mat1-M specific primer MM produces a characteristic PCR product, 987bp or 729bp
respectively. h+/h- diploid cells or h90 cells give both bands. The sequence of the
primers are MT1:AGAAGAGAGAGTAGTTGAAG,
MP:ACGGTAGTCATCGGTCTTCC, and MM:TACGTTCAGTAGACGTAGTG.

Use 20ul for each tube and add 1ul of template DNA prepared from pombe colony or
culture. Instead of preparing DNA, picked fresh colony can be used if it is denatured in
a small amount (~5ul) of water at 95C for 10min. Add 10ul mineral oil on top of each
reaction.

Reaction mixture

X10 buffer.............. 10ul
2mM dNTPs.......... 10ul
50uMMT1primer....1ul
50uMMPprimer......1ul
50uMMMprimer.....1ul
Ampli Taq Pol......... Tul

total .......... 100ul

PCR cycle
stepl 94C 4min
step2 94C 30sec
step3 52C 30sec
step4 72C 2min
repeat step2~step4 for 30cycles
step5 72C 5min

After the reaction, add 2ul of loading buffer and ~20ul of chloroform. Analyze in an
agarose gel.



4) Temperature/cold sensitivity.

Many temperature sensitive (ts) and cold sensitive (cs) mutants have been isolated in S.
pombe. They can be checked by replica plating onto YEP (YES + phloxin B) and
incubating at the restrictive temperature. Phloxin B will stain the dead cells and these
can be examined under the light microscope for checking the ts /cs phenotype.

5) Auxotrophy.

The auxotrophic markers most commonly used in S. pombe require adenine, glutamic
acid, histidine, leucine, lysine and uracil, although others are available. We use
225mg/L (12ml of 7.5mg/ml stock solution per 400ml medium, or, for uracil, 24ml of a
3.75mg/ml stock per 400ml medium) although it is OK to go down to 75mg/L except
when growing leu- strains, which are slow to get going under these conditions. To test
for auxotrophy the strain is grown up to single colonies on YES and then replica plated
to minimal medium with and without the appropriate supplement. The plates are
incubated for 1-2 days and then examined for growth under these conditions.

Strains marked with auxotrophic markers are often compromised for growth even in the
presence of the appropriate supplement.. e.g. leu- cells are slow to exit from starvation
and ura- cells have some cell wall defects. For this reason it is best to cross out all
unnecessary markers when carrying out physiological experiments.

6) Adenine mutants

Certain alleles of ade6 turn pink when grown on low adenine medium (10mg/L, or
0.5ml of a 7.5mg/ml stock solution per 400ml medium), due to the accumulation of a
metabolic precursor. Ade6-M210 turns darker than ade6-M216, ade6-704 is the darkest of
all.

1.4 Growing S.pombe

Haploid strains of S. pombe grow with the following generation times:
(Diploid strains grow similarly)

Medium Temperature (°C) Generation time

YE 25 3h
29 2h 30min
32 2h 10min
35.5 2h



minimal 25 4h

29 3h
32 2h 30min
35.5 2h 20min

For mutant strains the generation times may be longer. If you have an exponentially
growing culture of a particular strain you can calculate the generation time by

measuring the ODso5 at 2 known time points. Simply stated, this is the time required for
the population to double. This can be calculated using the following equation:

T= log (2t2't1) T = generation time
__________ y = cells/ml at time t2
log (y/x) x = cells/ml at time t1

Temperature sensitive strains are generally grown at 25°C where 35.5-36.5°C is the
restrictive temperature. The restrictive temperature for cold sensitive strains is 20°C.
Wildtype cells grown above 36.5°C are sick, and below 18°C wildtype cells grow very
slowly and are not healthy. The media used can also effect the temperature sensitivity
of a mutant. Wild type strains are generally grown at 29-32°C. As S. pombe cells enter
stationary phase the cells generally accumulate in G1 or G2, depending on whether they
are deprived of nitrogen or glucose, respectively, and the cells become rounder and
more refractile under phase microscopy. In supplemented yeast extract medium and
minimal medium, (EMM2 is the one we use) glucose is usually limiting and cells
accumulate in G2.

Liquid Cultures

For physiological experiments it is important that cultures are maintained in mid-
exponential growth between 2 x 10¢ and 1 x 107 cells/ml. The optical density (OD) of a
culture can be used to measure the concentration of cells, where ODs95 = 0.1 for
approximately 2 x 10° cells/ ml (this wavelength measures light scattering ). Note: this
relationship has been calculated for the Pharmacia LKB Ultrospec III, in use in the lab,
but it may differ with different spectrophotometers and changes when cells much larger
or smaller than wild type are used. It should, therefore, be calculated again for other
types of spectrophotometers

The relationship between OD and cell number is linear up to about OD 1.

To generate cultures in mid-exponential growth use a fresh colony or overnight patch of
a strain of checked phenotype to inoculate 10 ml YES (or minimal medium if the strain
carries a plasmid with selectable marker) and incubate for 1-2 days at the appropriate
temperature until cells are in early stationary phase. ( See note at the end of the



page)This pre-culture can then be used to inoculate a larger culture, taking into
consideration the generation times .

The following formula can be used to calculate the volume of preculture from which to
generate a larger, overnight culture, which is grown up with shaking;:
(Yx04)/2n

OD

where Y is the volume of large culture required, OD is the ODsg5 of the preculture, n is
the expected number of generations -1 (to allow the cells to recover from stationary
phase) and 0.4 refers to a suitable O.D. for an exponential culture.

Flask size should be selected according to the required volume of culture: 25ml flasks
for up to 10ml culture, 100ml flasks for up to 50ml, 200ml for 100ml cultures, 250ml for
125ml cultures and 500ml for 250ml cultures. It is important not to inoculate stationary
cultures at an O.D. of less than about 0.05, because S. pombe cells grow better together
or in conditioned media and are often reluctant to get going when alone in liquid
culture.

The media for growing S. pombe strains are given in Table I. YES liquid or agar
containing solid medium is used for vegetative growth. Yeast extract from most sources
when used in YES inhibits conjugation and sporulation. EMM?2 minimal media is
synthetic and therefore highly reproducible. For this reason it is recommended for
physiological experiments with the required supplements added. YES is however
prefered for certain application: for actin staining, branching experiment and certain
blocks (eg nda3).

Note: Certain strains have difficulty in exiting from stationary phase (cdc25, ura-
)therefore it is best to inoculate from mid-exponential phase. Not shaking the cells in
preculture could also help because it stops cells entering late stationary phase.

When inoculating into EMM from mid exponential YE culture, it might be better to spin
the cells from the preculture down, in order to reduce the amount of YE carried over.

1.5 Fission Yeast Classical Genetic Techniques.
Genetic Crosses
Conjugation and sporulation cannot take place in S. pombe except under conditions of

nutrient starvation. EMM lacking nitrogen and containing 1g/1 sodium glutamate is
generally used for genetic crosses. See note for alternative media.



Several crosses can be carried out on a 9 cm ME plate. To cross two strains a loopful of
freshly growing h- and a loopful of freshly growing h+ are mixed together on a ME
plate. A loopful or two of sterile distilled water is then used to thoroughly mix the cells
on the agar plate to an area of about 1 cm? The cross is left to dry and is then incubated
below 30°C, as conjugation is severely reduced above this temperature. Fully formed
four spore asci can be seen after 2-3 days incubation Zygotic asci (those produced by
conjugation between 2 different mating types) can be distinguished from azygotic asci
(those produced by sporulation of a diploid strain which is heterozygous at the mating
type locus) by their appearance, thus:

Zygotic ascus Azygotic ascus

éﬁ% SO0

When carrying out genetic crosses for recombination mapping it is useful to have
unlinked markers to ensure that recombination has occurred. For sporulation or crosses
in liquid medium, use minimal glutamate (1g/L Na glutamate) instead of NH4Cl as the
nitrogen source. It is especially important to test ploidy of "high risk" strains - e.g.
weel.50 before crossing.

A cross between a homothallic and a heterothallic strain mostly generates asci of the
homothallic parent. This is because yeast cells prefer to mate with sister cells which are
of different mating type due to homothallic switching. Mixing cells in a 10:1 ratio of the
heterothallicchomothallic strain will increase the likelyhood of a cross between the two
strains and is usually sufficient for strain construction.

If conjugation is very poor then it is preferable to first select a diploid hybrid between
these strains (see below) and then subject this to tetrad or random spore analysis.

Note:

Other media that can be used for crosses are malt extract, even cells which are not fresh
can be mated on this medium, or YEPD (1% Yeast extract, 2% peptone, 2% glucose).
Strains will also mate on minimal medium and media including thiamine, but it takes
longer (3-4 days at 25°C, 2-3 days at 29°C). SPA is also an alternative which gives rapid
and efficient mating, SPA-Ca?* gives even better mating efficiencies.

Genetic Analysis of Products of Meiosis
A) Tetrad analysis.

A two day old cross is usually used for tetrad analysis. At this stage the ascus wall has
not yet started to break down. It is possible to keep a plate at 4°C before pulling tetrads.



Asci are placed in a line about 3mm apart on a YES plate using a micromanipulator (we
have two: one from Singer-MSM which uses an inverted plate and is automated and one
from Zeiss Jena which uses upright plates and spores are dragged across the plate rather
than lifter off the plate). The asci walls are then left to breakdown at 37°C for about 3-5
hours, or at 20°C overnight. It is usually a good idea to isolate more asci than you will
need to dissect at the end, as some may not breakdown their cell wall or do so very
slowly. Each ascus is then micromanipulated to give a line of four isolated spores,
separated by about 3-5mm. The spores are incubated until colonies form at the
appropriate temperature for the cross. Digestion of the ascus wall with enzymatic
treatment is not necessary since the spores easily fall apart giving free spores. Also,
unlike S. cerevisiae spores, S. pombe spores do not stick to each other. This means the
technique of tetrad dissection is generally easier than with S. cerevisiae.

B) Random spore analysis.

Using a three day old cross check for the presence of asci under the light microscope.
Random spore analysis allows many more spores to be examined than in tetrad analysis
and in this way recombination mapping and strain construction can be carried out.
However, it is important that all the classes of spores are viable when studying
recombination frequencies, otherwise tetrad analysis becomes necessary.

1 ml of sterile distilled water is inoculated with a loopful of the cross, 20ul of a1 in 10
dilution of Helicase (Helix pomatia juice) is added and the mixture incubated overnight
at 25-29°C or for at least 6 hours at 29°C. Helicase is a crude snail gut enzyme that
breaks down the ascus wall and kills vegetative cells. 5ul of glusulase in 1 ml of sterile
distilled water can be substituted for the Helicase.

The spore number/ml is counted using a haemocytometer. Between 200-1000
spores/plate can be plated out on YES Agar or selective medium. The plates are then
incubated until colonies form.

NB: if the cross works reasonably well 100uL of a 1:1000 dilution will give approx. 200
colonies per plate if you inoculate the 1ml culture with a generous loopful of cross.
Easier than counting, especially if you are doing large numbers of crosses.

Tests for Allelism

A). Recombination Frequency (looking for linkage)

Pairwise crosses are carried out between the mutants to be mapped; resulting asci are
treated with helicase as normal and approx. 103 spores plated out. If no wild type

progeny are produced, and therefore linkage is suspected, this should be confirmed by
looking at large numbers of spores. It is helpful to have unlinked markers present in at
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least one of the parental strains to ensure that colonies which result are the products of
crossing, and not simply cells which have survived the helicase treatment. The presence
of wild type progeny in a cross between two temperature sensitive strains indicates that
the two mutations under observation are in different genes, as recombination has taken
place. In this case Mendelian segregation will result in 25% of the spores being wild
type, assuming the two genes are un-linked. The degree of linkage between two genes
can be examined by calculating recombination frequencies based on the results from
many individual crosses, as described above.

B) Complementation Tests

A diploid is constructed (see below) from 2 recessive mutations. If the diploid is wild
type, genetic complementation is taking place and it can usually be assumed that the
two mutations are in different genes. It should be borne in mind when doing these
types of studies that it is possible to get intragenic recombination in large genes where
several protein subunits are involved.

Construction of Double Mutants

These can usually be made by free spore analysis and selecting microscopically for the
required phenotype (or by replica plating where suitable nutritional markers are
involved). Where the double mutant cannot be distinguished so easily (or where it is
not known what the phenotype of the double mutant will be),tetrad analysis is carried
out on the meiotic progeny of a cross between the two strains of interest. Three types of
tetrad are normally produced: the parental ditype (PD) if there is no recombination, the
tetratype (TT) if there is single crossing -over (i.e. two recombinants are produced per
ascus) and the non-parental ditype (NPD) if there is double crossing-over (ie. all
recombinants are produced), or if the two genes are on different chromosomes, (by
random assortment on the metaphase plate).

It is usually possible to determine the types of tetrads produced, in say a cross between
two ts strains, by examining the phenotype after replica plating to phloxin B at the
restrictive temperature. Where non-parental ditypes are produced, two spores will
normally be wild-type, and two will be the double mutant, and thus the double mutant
can easily be identified in this type of tetrad. In parental ditypes, none of the progeny
will be double mutants, and in tetratypes 1 out of the 4 will be the double mutant (3 will
be ts assuming the double mutant is ts) and 1 will be wild-type). It will sometimes be
possible to determine which is the double mutant by microscopic examination at the
restrictive temperature. Tetrad types are normally produced in the proportions 1PD: 1
NPD: 4TT for markers that are unlinked but on the same chromosome. If they are on
different chromosomes the number of tetratypes depends on the distance of the loci
from the centromere. A predominance of parental ditypes suggests linkage.. The
presence of a double mutant can be confirmed by back-crossing if the single mutants are
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phenotypically different. A double mutant backcross will give a 3:1 segregation of
mutant:WT. If a single mutant is backcrossed, there will be a 2:2 segregation.

Tests for Dominance/Recessiveness

This is achieved by the construction of diploids containing both a mutant and a wild
type copy of the gene to be tested; if the mutant phenotype is not expressed in the
diploid , then it is usually assumed that the mutation is recessive, whilst expression
suggests the presence of a dominant mutation; however, unless very large numbers of
diploids are tested in this way, it is wise to check that growth/lack of growth is not due
to the presence of a homozygous diploid possessing 2/0 copies of a wild type/ mutant
gene - such events occur in S.pombe at low frequency by recombination between
replicated chromosomes in the zygote. The frequency with which such events occur is
affected by map position - recombination frequency decreases with increasing distance
from the centromere, and also at certain recombination "hotspots", for example near the
mating type locus on chromosome II. This could easily be sorted out by pulling tetrads
on the diploid under study. In addition, the diploid may be subjected to random spore
analysis to check that 50% of the spores have the wild type phenotype and the
remaining 50% have the mutant phenotype.

Another important use of this approach is if 2 mutants are very closely linked and you
want to know whether or not they are in the same gene. A diploid is made from the 2
strains and complementation tested under restrictive conditions. Growth indicates close
linkage but different genes. Again, tetrads on such a diploid would confirm that the
genotype is as predicted.

Isolation of Diploid Strains

Diploid cells arise spontaneously in most S. pombe strains probably as a result of
endoreplication. This characteristic can be used to isolate homozygous diploids of any
strain. The strain is streaked out to single colonies on YEP (YE + Phloxin B) agar and
incubated until colonies form. Diploids can be identified as clones that stain dark red
with Phloxin B and which contain large cells upon microscopic examination. These
diploids can undergo a diploid mitotic cycle and when starved of nutrients can
conjugate with diploid cells of the opposite mating type to form a tetraploid zygote.
This can be sporulated to generate four diploid spores, although aberrant segregation of
chromosomes can occur during the tetraploid meiosis.

Homothallic strains also generate diploid cells which can switch mating type and
therefore be induced to undergo meiosis. The cells can directly produce azygotic asci
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without mating and thus can be unambiguously identified. (They can also mate with
each other)

Sporulating diploids can be isolated by crossing h- and h+ haploids with
complementary growth requirements, for example using strains with the markers leul-
32 h- and a ura4-d18 h+. At various time-points after crossing (e.g. 8, 12, 24 hours),
when conjugation has occurred, a loopful of the cross is streaked out onto minimal
medium which will only allow growth of a conjugated diploid. However, since mating
is rapidly followed by meiosis and sporulation, many of the colonies growing on
selective media will be prototrophic haploid segregants. To circumvent this problem,
ade6-M210 and ade6-M216 mutations are commonly used. ade6-M216 colonies are light
pink and ade6-M210 dark pink on plates of YE medium or EMM containing 10mg/L
adenine because of accumulation of a red adenine precursor. On media containing
adenine in excess of 10mg/L the red colour is not observed. Diploid cells containing
both mutations grow in the absence of adenine and the colonies formed are white due to
intragenic complementation between the two adeb6 alleles. Because the alleles are tightly
linked and there is infrequent gene conversion, spores generated by meiosis are unlikely
to be adenine prototrophs and will not form colonies on the selective media.

Sporulating diploids are very unstable and will generate spores if they enter stationary
phase from minimal medium. They can be maintained on yeast extract medium which
inhibits sporulation. Alternatively, non sporulating diploids can be derived by crossing
over at the mating type locus which leads to homozygosis at the mating type locus.
These arise fairly frequently and can be screened for by replica plating onto malt extract
and looking for non iodine positive colonies which are not undergoing sporulation.
Alternatively, Mat1-B102 can be used. This strain is defective in the Matl* gene
required for meiosis, but functions normally as an h-. So, you can cross it to an h* strain
and sporulate, then you can cross to an h-strain if you want stable diploids.

Sometimes it is required to cross a diploid and a haploid strain. Such a cross yields less
than 10% spore viability and most of the segregants are slow growing because of
aneuploidy. Since S. pombe has only three linkage groups, normal haploid and diploid
segregants can be obtained at a reasonable frequency from random spores; they are
easily identified since they grow well.

Protocol for generating an h+/h- sporulating diploid

1) cross an ade6-M210 strain to an ade6-M216 strain on EMM-Glutamate. Put plate 29
oC.

2) 8h, 12h and 24h after mixing the cells, take a loop-full and streak on minimal medium
lacking adenine (EMM -ade). Incubate this plate at 32 °C.

3) Pick colonies as soon as they appear on the EMM -ade plate (typically after 2-4 days,
If diploids are left too long on the EMM -ade plate they will undergo sporulation) and
streak on YE (no supplements). Put the YE plate to grow at 32 °C for two days.
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4) There will usually be two types of colonies on the YE plate: larger, white colonies
(these are diploids) and smaller, red colonies (these are haploid colonies ade-which
grew from spores generated when the diploid reached stationary phase on the EMM -
ade plate and underwent sporulation, they are red because YE contains low levels of
adenine and ade- cells will grow but accumulate a red metabolic precursor ). Check
under the microscope to make sure that cells in the darker colonies have a larger size.
Patch the diploids on YES and replica plate the YE plate on EMM-glutamate. Check after
2-3 days that the diploids picked are sporulating.

Remember to propagate the diploid on YES, which inhibites sporulation.
If the diploid is to be used for deletion or tagging of a gene it is a good idea to dissect a

couple of tetrads beforehand to make sure that no recessive mutation is present in the
diploid.

Protoplast Fusion

This technique is required if crosses between two strains will not occur and a diploid is
desired.

Solutions:
0.65 M Kcl
1M sorbitol
30% PEG6000
100mM Ca(l,

Novozyme

Procedure

Grow cells to mid-log phase in minimal medium (nb MIN with low glucose is supposed
to make the cell wall weaker but in my experience it is not necessary and some strains
don't like it)

Harvest cells, wash twice with water and once with 0.65M KCI.

Resuspend pellet in 0.65M KCl containing 1 mg/ml Novozyme, at about 108 cell /ml.

Incubate at 30°C.
Check after about 15 min, you should see spheroplasts. If not, you can increase the
enzyme concentration, but it's advisable to start slowly with unknown strains.

Continue incubation in Novozyme until protoplasts are formed. It's not enough to have
spheroplasts!
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Wash protoplasts three times with 1M sorbitol.
Note: spin them at 2000 RPM, 8 min. Do NOT vortex to resuspend, it can be done with a
loop in a small volume first and then by gently shaking the tube in a larger volume.

Resuspend pellet in 2ml of 1:9 CaCl, : PEG mixture. You do not have to resuspend

completely.
Note: mix it just before use, do NOT autoclave together, because it precipitates.

Incubate at room temperature for 20min. Plate onto selective medium containing 1M
sorbitol.

Note: plating in top agar (same as selective, with 1% agar) increases regeneration
frequency, although makes it impossible to replicaplate colonies.

Protoplast fusion2

1. Grow cells in MML (0.5% Glucose + thiamine) to late log-phase. Since total 1-5 * 107
cells are required, more than 10 ml should be cultured.

2. Measure OD at 595 nm.

3. Spin down and wash once with H2O and then suspend with 0.5 ml bufferA (1.2M
sorbitol, 50 mM citrate phosphate (pH 5.6), 50mM B-ME). § -ME can be omitted.

4. Mix cells with equal cell number and total 1ml.

5. Add 0.2 ml Novozyme234soln (bufferA + 5 mg/ml Novozyme)
You can increase Novozyme concentration to 5 mg/ml as final.

6. Incubate 25-30°C for 1hr with rotating. After incubation, you should check whether
Novozyme works well under microscopy and confirm that most of the cells are round
after addition of equal amount of H2O. Usually 20-70% of the cells were round.

7. Spin down at 2000rpm for 15 sec. If the pellet is not visible or soft, change the angle of
the tube and spin down again.

8. Discard the sup and add 1 ml of bufferB (1.2 M sorbitol, 30mM Tris-HCl pH7.6) to the
tube.

9. Spin sown again and discard the sup and add 1 ml of bufferB.

10. Spin sown again and discard the sup and add 0.3 ml PEG buffer (30% PEG4000, 10
mM Tris-HCl pH7.6, 10mM CaClp). Be careful not to suspend the pellet.
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11. Incubate at 25-30 'C with standing for 30 min.

12. Discard the 0.15ml of sup and plate the cells on SD sorbitol plate (0.67% SD, 1%
glucose) and incubate 25-30°C for 5-14 days.

1.2 M sorbitol (H20 830 ml + sorbitol 220g)

1.6 Mapping your gene
Why bother putting your gene on the genetic map? There are several reasons.

1) First of all if a gene cannot be isolated by classical complementation of a mutant
phenotype, it is possible to clone it by physical mapping. Initially by crude mapping
and then by the use of ordered cosmids to rescue the function and to locate the gene.
The mutated gene responsible for a subtle phenotype can be isolated in this way.

2) In addition, a mutation with an interesting phenotype may have already been
identified that lies in the same locus as your gene and which sheads light on its function.

3) Mapping completes the genetic characterisation of your gene. However, there is
admittedly limited information gained, and most people now seem to map their gene by
accident, because it shows linkage to some other locus present when strain constructions
are carried out.

The first step to mapping your gene is to assign it to a chromosome. There are several
ways to do this. The older way requires chromosome loss expts. You construct a non-
sporulating diploid with differently marked chromosomes. You treat it with
fluorophenylalanine (FPA) , a drug which promotes chromosome loss. If using
minimal, use 0.04% of m-FPA, and if using YEA, use 0.1% p-FPA. Some workers
consider that m-FPA is less toxic, and therefore the agent of choice. Because pombe
rapidly haploidises when one chromosome is lost, you end up associating your gene
with the presence or absence of one of those marked chromosomes.

Another option is to use a swib strain. A swib mutant is not only defective in switching
(hence the name) but has a general reduction in recombination frequency. That is, with
a five fold reduction in recombination frequency, distant linkage that would otherwise
be invisible can be seen. Thus with just a few markers in the background, the gene of
interest is likely to show linkage to at least one. Practically, this means crossing the gene
of interest into a swib background, and mapping against a swib strain with markers on
all chromosomes.

The most straightforward way of assigning a cloned gene to a chromosome is getting a

strip of a chromosome blot and probing it by standard Southern methods. Since pombe
has only 3 chromosomes, this gives an unambiguous result.
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Once you have a chromosome assignment, you have to map your gene against the
markers on that chromosome. The swib technique can be very useful here, as you can
put a variety of markers on, say, chromosome II into the cross, and rapidly localise the
gene of interest. Or, you can cross against a multiply marked strain and look for linkage
that way. Practically speaking, it is hard to see linkage farther than about 40-50cM in a
wildtype (eg, non-swib) background. Most mapping functions are based on tetrads.
This is because the non-parental ditype class gives a powerful estimate of the frequency
of multiple crossovers, which are otherwise silent. When analysing tetrad data, a cross
of only 10 tetrads usually gives enough information to indicate linkage. If markersina
cross A B x a b can assort randomly, then the following classes are expected:

Parental Ditype (PD) Nonparental ditype (NPD) Tetratype (T)
AB Ab Ab
AB Ab aB
ab aB AB
ab aB ab

The NPD class involves at least two crossovers. For the number of PD to equal to the
number of NPD, the two genes must be unlinked. For completely unlinked genes,
neither of which is linked to its centromere, the expected frequency is 1PD: 1NPD: 4T.
Therefore, even with normal statistical variation, if you see a high frequency of T and
some NPD in your 10 tetrads, the two genes are probably unlinked. If you start to see a
bias towards the PD class, it is worth pulling a few more.

Centromere Linkage

If your gene is linked to a centromere, it falls into a special class. Centromere linkage
can be determined by one cross, even if you don't know what chromosome the gene is
on. The theory is as follows: if a gene (eg, lys2) is tightly linked to its centromere, then
there is little chance of a crossover between that gene and centromere. This means that
the chromosome with that marker will always segregate from its homologue in meiosis
I. Therefore, if you cross TWO centromere linked genes, they can only give you ditype
progeny, and no tetratypes, because the formation of tetratypes requires a crossover
between marker and centromere that allows meiosis II segregation. Expanding this
turther, if you cross your gene to a tightly-centromere-linked marker, you can calculate
the distance of your gene from its OWN centromere, even without knowing which
chromosome your gene is on. lys2 is tightly centromere linked on chromosome 1.

Mapping Functions
S. pombe does not suffer interference. This means that, unlike the case in budding yeast,

the fact a crossover has occurred doesn't seem to affect the likelihood of additional
crossovers in the same interval. There are a few exceptions to this rule with some
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recombinational hotspots, but basically it means that the usual mapping functions give a
reasonable approximation of distance. The standard formula is the Perkins formula:

(T + 6NPD)
distance in cM =

(PD + NPD +T)

This formula tends to under estimate the actual distance, because of multiple crossovers.
In practise, anything greater than 60cM is unreliable. It is useful to compare the Perkins
answer with the Papazian answer, which uses the Poisson distribution to estimate the
number of multiple crossovers:

(PD - NPD)

distance in cM =100 X -0.5 In
(PD + NPD +7T)

The answers should be fairly comparable.

Now that cosmid and P1 libraries are available physical mapping is also possible.

1.7 Mutagenesis of Yeast Strains

Both EMS and nitrosoguanidine can be used for mutagenesis, the former is safer to use
but nitrosoguanidine is a more effective mutagen. Nitrosoguanidine tends to be the
agent of choice.

Nitrosoguanidine mutagenesis.
1) First do a survival curve 50% survival is often used for
mutagenesis as there is approximately one hit per gene
2) grow 50ml cells in EMM2 to ODsg5 0.4 (approx), wash the cellsin  TM (50mM
Tris Maleate buffer pH6)
3) Resuspend the cells at 3.5X108/ml

4) Take 350ml (X ml) and add 150ml (X/2.3ml) Img/ml NG in TM so the
cells are at 2.5X108/ml
5) Incubate the cells at the permissive temperature in fume hood for 0, 20, 40, 60,
90min. Remove 50ml (1.25X107) at each time point

and wash 1X in TM and 2X in saline. You may need to spin the cells from

2-4min to ensure a good pellet.
6) Resuspend the cells in Iml EMM2 and leave to recover for one cell cycle shaking
occasionally, dilute to 10* and 103/ml and plate
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100ml of each on min medium and incubate at the permissive temperature
until colonies appear.
7) Count the colonies from each time point and estimate the % survival (N©
colonies at Time point/N© colonies at Ty X 100)

The percentage of survivors is usually approximately 40%, 15% and 3%  for 30,
60 and 90 minutes, respectively (these percentages are strain dependent). A survival
curve can be plotted by plating 100 and 1000  cells/plate and plotting % survivors as a
function of exposure time to the mutagen. The length of exposure required to
produce the desired level of lethality can the be determined and used in
subsequent experiments
8) Using the appropriate time point repeat the mutagenesis using

5X108 cells. After washing the mutagenised cells resuspend at 1X107

cells/ml and incubate for one cell cycle in the fume hood at the permissive
temperature (about 3h). Harvest the cells and resuspend

in Tml EMM2 and plate 100ml (1X107 cells) on to 50 plates and incubate  at the
restrictive conditions.
9) To save repeating the mutagenesis you can take sufficient cellsat what you
think will be the right time point(s) and keep them in 1ml EMM2 at +4°C until you have
done the survival curve. Cells lose viability but keep for a week or so. Ido the

survival curve after leaving the cells in the cold room overnight.

10)  After mutagenesis it is advisable to backcross the strains at least three times
to check for the presence of double mutants etc., especially if the = mutagenesis has
been heavy (>40% lethality).

11) NG s inactivated by soaking any contaminated materials in 0.1M HCl

overnight.

ALL MANIPULATIONS WITH NITROSOGUANIDINE (INCLUDING
INACTIVATION) MUST BE CARRIED OUT IN A FUME HOOD !!

1.8 Media for the fission yeast Schizosaccharomyces pombe.

Edinburgh Minimal Medium (EMM 2) (Used for vegetative growth)
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3 g/1 potassium hydrogen phthallate (14.7mM)
2.2 g/1 NapHPO4 (15.5 mM)
5 g/1 NH4Cl (93.5 mM)
2% (w/v) glucose (111 mM)
20 ml/1 salts (stock x 50)
1 ml/1 vitamins (stock x 1000)
0.1 ml/1 minerals (stock x 10,000)
Salts x 50

52.5 g/1 MgCl,.6H,0 (0.26 M)
0.735 mg/1 CaCl,.2H,0 (4.99 mM)
50 g/1 KCl (0.67 M)

2 g/1 NaxSOy4 (14.1 mM)
Vitamins x 1000

1 g/1 pantothenic acid (4.20 mM)
10 g/1 nicotinic acid (8.2 mM)
10 g/1 inositol (55.5 mM)
10 mg/1 biotin (40.8 uM)
Minerals x 10,000

5 g /1 boric acid (80.9 mM)
4 g/1 MnSOy (23.7 mM)
4 g/1 ZnSO,4.7H,0 (13.9 mM)
2 g/1FeCly.6HyO (7.40 mM)
0.4 g/1 molybdic acid (2.47 mM)
1g/1KI (6.02 mM)
0.4 g/1 CuSO4.5H,0O (1.60 mM)
10 g/ citric acid (47.6 mM)
After autoclaving, a few drops

of preservative is added. (1:1:2,

chlorobenzene : dichloroethane :chlorobutane)

Minimal supplemented (Used for vegetative growth)
EMM2 + 225 mg/1 supplements as required.

Minimal low glucose (Used for Yeast transformations)
As EMM but 0.5% (w/v) glucose instead of 2% (w/v) .

Minimal sorbitol (EMMS - Used to grow up transformants)
As EMM. Add 1.2M sorbitol.

Minimal glutamate (EMMG Used for sporulating diploids in liquid).
As EMM. Replace NH4Cl with 1 g/1 sodium glutamate (5.91 mM).
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Minimal free phosphate = (EMMP - Used for 32P-Phosphate labelling)
As EMM. Remove NayHPOy and replace potassium hydrogen phthallate with 2g/1 Na-
acetate.3H,O (14.6 mM). The medium is adjusted to pH 5.5.

Yeast extract (YE¢ - Used for vegetative growth - inhibits conjugation and sporulation)
0.5% (w/v) Oxoid yeast extract.
3.0% (w/v) glucose.

Yeast extract + supplements (YES - Vegetative growth)
YE+225 mg/1 adenine, histidine, leucine, uracil and lysine hydrochloride.

Yeast extract + phloxin B (YEP - Checking ploidy)
YES+5 mg/1 phloxin B (Sigma No. P 4030). Add when the medium has cooled below
60°C from a 5g/1 stock solution in sterile distilled water.

Malt extract (ME ¢ - Conjugation and sporulation)
3% (w/v) Bacto-malt extract (DiaMalt AG or Difco). Supplements added as for YES
except lysine. Adjust to pH 5.5 with NaOH.

Solid media is made by adding 2% Difco Bacto Agar.

All media is prepared in bulk. It is sterilized by autoclaving at 10 psi for 20 min. At this
pressure very little caramelization of glucose takes place. The media is stored in 500 ml
bottles and agar is remelted in a microwave oven before using.

a, M. Mitchison, in "Methods in Cell Physiology". vol. 4 (E.M. Prescott, ed.) p.131.
Academic Press, New York, (1970).

b P. Nurse, Nature 256, 547 (1975).

. H. Gutz, H. Heslot, U. Leupold and N. Loprieno, in "Handbook of Genetics", vol.1
(R.C. King, ed.) p.395. Plenum Press, New York, (1974).
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Section 2
Molecular Genetics

2.1 S. pombe plasmids.

S. pombe plasmids consist of a bacterial origin of replication and selectable marker, a
yeast selectable marker and an equivalent to an autonomous replication sequence (ars)

which is responsible for high frequency of transformation.

Yeast markers.

Budding yeast markers used in S. pombe are the LEU2 and URA3 genes. Plasmids
containing these markers complement the S. pombe mutations leul- and ura 4-. The
URA3 gene is expressed very poorly in S. pombe and does not rescue the ura 4- mutation
when it is present as a single copy or even at moderate levels. S. pombe markers

commonly used are ura 4+, sup3-5., leul, his3, and his7.

Autonomous replication sequences (ars)

In contrast to S.cerevisiae, in S. pombe a bacterial plasmid such as pBR322 carrying a
marker gene such as LEU2 is able to replicate often to high copy number. However, the
transformation frequency obtained when using such plasmids is very low. The addition
of S. pombe ars1+ sequences or the S.cerevisiae 2 pm origin leads to high frequency of
transformation and reduction in the copy number. So it seems that in S. pombe high
frequency of transformation and effective replication capacity are to some extent

independent phenomena.

Plasmid vectors based on 2 pm (pDB248, YEp13) are mitotically unstable, their copy
number is low, they are much more prone to rearrangements (tandem duplications or
deletions) and they are more difficult to recover from fission yeast than plasmids
carrying S. pombe arsl+. Plasmids containing arsl+ are also very unstable (with the
exception of pFL20 and pMB332); their copy number is higher and they tend to produce
polymers with various numbers of repeats units. pFL20 and pMB332 yield rather stable
transformants both mitotically and meiotically, due to the presence of a stb (stable)
element . This element is not an ars sequence nor it is a centromeric sequence. Plasmids
containing this element still segregated asymmetrically ten times more frequently

during mitosis than S.cerevisize CEN plasmids.
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Expression vectors.

Plasmids derived from the ones described above have been used to increase the
expression of certain gene products. pSM1 and pSM2 are derivates from pDB248, made
by inserting the SV40 early promoter . Genes linked to this promoter are expressed at
moderate levels. pEVP11 contains the S. pombe adh+ promoter inserted into YEp13
S.cerevisiae vector. pART1 and pMB332 also have the S. pombe adh+ promoter inserted
into pIRT2 and pFL20, respectively. The adhl promoter is very active - about 5-20 x
greater than the SV40 early promoter. pIRT2 is based on pUC118 and has S.pombe ars1

and S.cerevisiae LEU2 inserted.

Recently, plasmids containing inducible promoters have been developed. These include
various plasmids containing the thiamine repressible promoter, as developed by
Maundrell (1990). Several versions are available in which the promoter sequences have
been mutated to different degrees to give lower levels of expression (see Forsburg ref).
PREP1 contains the wild type promoter. There is a significant background expression
level ie with thiamine. The induced level is about 80X greater than the repressed level
and about 6X greater than the level produced by the adhl promoter. pREP41 has a 6X
lower induced level and a 15X lower repressed level than the wildtype promoter.
PREP81 has an induced level about 80X lower than the wildtype promoter (comparable
to the repressed level of the wildtype promoter), whilst in the absence of thiamine the
level is reduced a further 250 fold.

23



The glucose repressible promoter

Reference Hoffman & Winston 1989, Gene 84 473-479

This is a URA3 (S. cerevisiae) based vector pCHY21. It has the glucose repressible
promoter of the fbp (fructose bisphosphase) gene upstream of a polylinker with 4
unique sites, Xhol, BamH1, Pvull and Nhel. The promoter is OFF in 8% glucose and
ON in 0.1% glucose +3% maltose.

The vector has been tested with the cdc13A90 gene and worked well. All the cells
became blocked in mitosis with a cut phenotype by 5 hours after shifting to 0.1% glucose
3% maltose

The average induction of fbp::lacZ is
repressed derepressed
30+/-3 4405 +/-417
Intermediate expression can be obtained using

b gal expression

3.0% maltose 523 +/-78
0.2% glucose 289 +/-37
0.5% glucose 88 +/-12

1% glucose 55+/-6

Problems

1) Promoter is derepressed in stationary phase

2) URAS3 is not well expressed when integrated in S. pombe

3 Wild type cells do not grow well in 0.1% glucose+3% maltose

Method

1) Grow cells to an appropriate OD in minimal medium +8% glucose.

2) Wash the cells X2 with 0.1% glucose + 3% maltose minimal medium.

3) Resuspend the cells in 0.1% glucose + 3% maltose minimal medium and follow
induction. The promoter is derepressed 30 fold by about 5h.

4) The cells should not be allowed to enter stationary phase
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2.2 Transformations

S. pombe transformation is very straightforward and because most laboratory S. pombe
strains are isogenic the frequencies are generally high regardless of the strain used. The
lithium acetate method supposedly gives higher transformation frequencies although
frequently far below the 10° reported; while electroporation is quick, convenient and
gives higher transformation frequencies but is not always reproducible. Protoplasting is
reproducible, gives a reasonably high transformation frequency but may not be so good
for knocking out genes and is not frequently used; Lithium chloride is not used much
due to the lower frequencies of transformation.

Lithium Acetate procedure I (not used very often)

1. Grow 150 ml culture in MB medium to a density of 0.5 -1 x 107 cells/ml ( ODsg5 = 0.2-
0.5).

2. Harvest the cells at 3000 rpm for 5 minutes at room temperature.
3. Wash cells in 40 ml of H20 and spin them down as before.

4. Resuspend the cells at 1 x 10 cells/ml in 0.1 M lithium acetate (adjusted to pH 4.9
with acetic

acid) and dispense 100 pl aliquots into Eppendorf tubes. Incubate at 30°C (25°C for ts
mutants) for 60 - 120 minutes. Cells will sediment at this stage.

5. Add 1 pg of plasmid DNA in 15 ul TE (pH 7.5) to each tube and mix by gentle
vortexing, completely resuspending cells sedimented during the incubation. Do not
allow the tubes to cool down at this stage. Add 290 pl of 50 % (w/v) PEG 4000
prewarmed at 30°C (25°C for ts mutants). Mix by gentle vortexing and incubate at 30°C
(25°C for ts mutants) for 60 minutes.

6. Heat shock at 43°C for 15 minutes. Cool the tubes to room temperature for 10
minutes.

7. Centrifuge at 5000 rpm for 2 minutes in an Eppendorf centrifuge. Carefully remove
the supernatant by aspiration.

8. Resuspend the cells in 1 ml of 1/2 YE5S by pipetting up and down with a pipetman
P1000.

9. Transfer the suspension to a 50 ml flask and dilute with 9 ml of 1/2 YE5S. Incubate
with shaking at 32 °C (25°C for ts mutants) for 60 minutes or longer.
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11. Plate aliquots of less than 0.3 ml onto minimal plates. If necessary, centrifuge the
cells at this stage and resuspend in 1ml of media to spread more cells on a plate.

Expected transformation frequency is 104 to 10° /ug.
Some strains may grow poorly or not at all in MB medium; URA 4 strains in
combination with a temperature sensitive CDC allele seem to be particularly intractable.

It is possible in some cases to overcome this by the following procedure:

1. From a preculture in YE5S inoculate a 25ml culture of YE5S and grow until in early
exponential phase.

2. Harvest cells and resuspend in 200ml minimal medium (with appropriate
supplements); grow again till early exponential phase.

3. Harvest cells and resuspend in MB medium for the last 1-2 cell divisions.

Lithium acetate procedure II:

1. Grow fission yeast cells in MM to 1x107 cells/ml.
2. Pellet 50ml of cells per transformation.

3. Wash cells in 50ml sterile water. Transfer to eppis in 1ml water. Wash in 1ml of LiAc-
TE.

4. Resuspend in LiAc-TE at 2x109 cells/ml (1/200 original volume).

5. Mix 100ul cells with 2ul carrier DNA at 10mg/ml and up to 10ul of DNA; mix gently.
6. Incubate at RT for 10 min.

7. Add 260ul of 40% PEG/LiAc-TE; mix gently.

8. Incubate 30-60 min at 29°C-30°C, or lower for temp. sensitive strains.

9. Add 43ul pre-warmed DMSO; mix gently.

10. Heat shock at 42°C for 5 min.

11. Pellet and wash once with 1ml water.

12. Pellet and resuspend in 500ul water and plate 250ul in duplicate.
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Solutions:

LiAc-TE: 0.1M lithium acetate, 10mM Tris pH 7.5, 1 mM EDTA
Carrier DNA: boiled sperm DNA 10mg/ml

LiAc-TE-PEG: LiAc-TE plus 40% PEG4000

Electroporation

1. Grow cells to a density of 1 x 107/ml (ODsg5 = 0.5) in minimal medium.
Transformation frequency is not harmed by growth until early stationary phase ( ODsg5
=1.5).

2. Harvest cells by spinning at 3000 rpm (J 2-21) for 5 minutes at 20°C . Wash once by
resuspending in ice-cold water and harvesting; a second time by resuspending in ice-
cold 1M sorbitol and harvesting.

3. The final resuspension is in ice-cold 1M sorbitol at a density of 1 -5 x 10° / ml.

4. 40-100 pl of the cell suspension are added to chilled cuvettes containing the DNA for
transformation ( 100 ng ) and incubated on ice for 5 minutes.

5. Dry bottom of cuvette and pulse cells. The electroporator (Jensen) is set to 1.5 kV, 132
Q, 40 pF. For a BioRad electroporator the settings are 1.5kV, 200 Q, 25uF.

6. Cells and DNA are transferred to a pre-chilled cuvette and pulsed; 0.9 ml of ice-cold
1M sorbitol is then immediately added to the cuvette; the cell suspension is then
returned to the Eppendorf and placed on ice while other electroporations are carried

out.

7. Cells are plated as soon as possible onto minimal + sorbitol or minimal medium.
Transformants appear in 4 - 6 days at 30°C

Transformation efficiencies of between 10°/ug DNA and 10¢ /ug DNA are expected.

Note: This method does not seem to work very well with the sup 3-5 marker.

Protoplast procedure.

1. Grow 200 ml culture to ODsg5 of 0.2-0.5 (4 x 106-1 x 107 cells/ml) in minimal medium
containing 0.5% glucose and supplements.

2. Harvest cells (at 2000rpm, 5 minutes, ]J-6), decant supernatant and resuspend the
pellet in 10 ml of:
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20mM Citrate/ phosphate pH 5.6 ( 2.82g/1 NapHPOy, 4.2 g/ citric acid)
40mM EDTA pH 8.0

transfer to 50 ml round bottom tube, e.g. Oakridge tubes.
3. Harvest cells and resuspend each tube in 5 ml of:

50 mM Citrate/ Phosphate pH 5.6 (7.1 g/1 NapHPOy, 11.5 g/1 citric acid)
1.2M Sorbitol. Adjust to pH 5.6 with 5M NaOH.

and add 25 mg NovoZymTM 234 (added after autoclaving). Incubate at 37°C for 15-30
minutes (check under the microscope) until spheroplasts have formed.

4. Add 35 ml of:

10mM Tris-HCl pH 7.6
1.2M sorbitol

and divide between 2-4 round bottom tubes ( there should be no more than 3 x 108
spheroplasts/ tube). Spin gently at 2000 rpm for 5 minutes.

5. Wash twice more in 20 ml each time resuspending gently in 1ml first.
At the last resuspension take a sample and count the number of protoplasts with a
haemocytometer.
6. Resuspend gently first in 1ml then adjust to 2-5 x 108 protoplasts/ ml in:
10mM Tris HCl pH 7.6
10mM CaCl,
1.2M Sorbitol

and combine the tubes.

7. Using 100 pl protoplast/ transformation add 1-10 ug of transforming plasmid in up
to 1/10 total volume. Incubate at room temperature for up to 60 minutes.

8. Add 1ml of:
10mM Tris-HCl pH 7.6
10mM CaCl,
20% PEG 4000

and incubate at room temperature for 15 minutes.
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9. Spin at 2000 rpm for 5 minutes, drain well and resuspend the protoplast in 0.2-0.5 ml
of:

10mM Tris-HCl pH 7.6

10mM CaCl,

1.2M sorbitol

0.5mg/ml Yeast extract

5ug/ml supplements (leu, ura, ade, his)

Incubate at 30°C for 30-60 minutes.

10. Plate out 0.2 ml aliquots onto well dried minimal sorbitol plates. Transformants
appear in 2-5 days at 29-32°C. Transformation frequency is about 1 x 104- 5 x 104
transformants/ ng DNA.

Protoplasts can be aliquotted out, stored at -70°C in 10 mM Tris-HCl pH 7.6, 10mM
CaCly, 1.2 M sorbitol (stage 6) and used for at least 2 months. The frequency of
transformation is 1 x103 transformants/ug DNA for protoplasts stored in this way.

Lithium Chloride procedure.

1. Grow 50 ml culture to stationary phase in YEPD medium (1% yeast extract, 2%
peptone, 2% glucose) with shaking at 25-35°C for 24-48 hours.

2. Use 10 ml of this culture to inoculate 40 ml of fresh YEPD medium and incubate for
4-5 hours.

3. Harvest cells at 3000 rpm for 5 minutes. Wash once in sterile distilled water and
resuspend in 0.6 ml of buffer I (20 mM Tris-HCl pH 7.5, 2 mM EDTA, 0.2 M LiCl) to give
a total volume of about 1.2 ml and a final concentration of 2 x 109 cells/ml.

4. Incubate at 30°C for 1 hour with gentle shaking.

5. In an Eppendorf tube mix: 200 pul of competent yeast cells (4 x 108 cells) with 0.1-1pg
plasmid DNA and incubate at 30°C for 30 minutes without shaking.

6. Add 700 pl of buffer II (40% PEG 4000, 0.1M Li-Cl in TE buffer, sterilised with 0.2 pm
tilters). Mix by inverting the tube gently. Incubate at 30°C for 30 minutes.

7. Heat shock at 46°C for 25 minutes.
8. Spread the cell suspension directly into YNB (0.67% yeast nitrogen base without

aminoacids, 2% glucose, 1,5% agar). Colonies appear after four to six days at 30°C.
Transformation frequency is 4 x 103-9 x 103 transformants/ pug of plasmid DNA.
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2.3 Integration of a plasmid into the genome.

In S. pombe integration by homologous recombination is usually more frequent than
non-homologous recombination; but for certain loci homologous recombination may
only represent about 5-10% of the integration events. On average about 0.1% of the
transformants obtained after transformation with an ars plasmid will have an integrated
copy of the plasmid at the homologous locus. The frequency of integration can be
enhanced up to ten fold by a single cut of the plasmid in the region of interest to
facilitate the recombination event.

There can be problems concerning the selective markers used that may complicate the
integration of a plasmid in S. pombe. The S.cerevisiae URA3 gene on a multicopy plasmid
complements S. pombe ura 4- mutations, but is poorly expressed in S. pombe and most of
the integrated versions of URAS3 fail to complement ura 4- mutations. Therefore LEU2
(does not always work), ura 4+, his3, leul or sup3-5 markers should be used. The latter
marker is an opal nonsense suppressing tRNA gene which suppresses ade6-704. This
marker has a deleterious effect for the cell when present in several copies. On minimal
medium supplemented with 10 pg/ml adenine or yeast extract medium ade6-704 mutant
colonies are red but when suppressed by sup3-5 they are white. If a sup3-5 containing
plasmid is not integrated into the genome then instability leads to cells lacking sup3-5
and hence to the formation of pink colonies. This contrasts with clones containing one
copy of the integrated plasmid which are white, and enables a rapid distinction to be
made between integrated and non integrated clones. Alternatively, ade6 itself can be
transformed into an ade 6 deleted strain. For ura 4+ plasmids the best strain to use is ura
4-D18 that contains a complete deletion of the S. pombe ura 4+ gene and integration by
homologous recombination at the ura 4 locus is thus avoided. Recently, the kanMX6
module has been widely used as a heterologous dominant marker that allows selection
of G418-resistant cells in S.pombe (see Gene Disruption and Replacement Method II).

To isolate an integrant:
A
1. Transform a yeast strain with the plasmid of interest.

2. Isolate a transformant colony and grow up in 100 ml of YES medium (i.e. non
selective conditions) for about 20 generations (re-inoculate 1ml of this culture into 100
ml of fresh YES medium 2-3 times).

3. Plate out about 1000 cells/ plate onto selective medium and incubate until colonies
form. These colonies should be stable due to integration of the plasmid into the genome.
This can be tested by replica plating to YES medium twice and then back to selective
medium.
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4. Confirm the integration by Southern blotting

B
1. Transform with the plasmid and plate out in the absence of adenine.

2. Replica plate to minmal plates with 10png / ml adenine.

3. After 2-3 days look for white fast growing colonies which are putative integrants.
The pink colonies still have free plasmid.

2.4 Gene disruption and gene replacement.

Method I (not used as often now)

1. Make a disruption of the gene of interest by inserting the ura 4+ marker or the LEU2
marker gene in the ORF. If possible delete as much of the ORF as possible and conserve
at least 1kb either side.

2. Purify this linear fragment.

It is then possible to delete the native gene by integrating the marker flanked by flanking
sequences of the gene of interest. This integration is performed by transformation of a
diploid strain, as below. Homologous integration with a double crossover will result in
excision of the native gene.

3. Transform either a h-/h+ura 4-D18/ura 4-D18 ade6-M210/ade6-M216 or a h-/h+leul-
32/leu1-32/ ade6-M210/ade6-M216 diploid strain, depending on the marker used, with
100ng, 300ng, 1ug of the fragment (less DNA is necessary if transforming using the
Okayama or electroporation methods) . Select diploid transformants expressing the ura
4+ or LEU2 gene.
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The transformant diploid can be sporulated in minimal glutamate or malt extract and
the spores plated out to see whether the gene deleted is essential or not. If the gene is
not essential the deletion strain can be maintained as a haploid. A non-sporulating
diploid h+/h+ or h-/h- generated by endomitosis can also be used to make the deletion.
This can be mated to a homozygous diploid of the opposite mating type to produce a
tetraploid zygote which can sporulate and form four diploid spores. Some of these
diploids will be heterozygous at the mating type locus and have one chromosome with a
deleted copy of the gene of interest. These can be selected for and then sporulated to
generate haploid spores which can be plated out as above. This approach is useful
when it is necessary to analyse the effect of the deletion in different genetic
backgrounds. Alternatively, h?0 strains can be generated spontaneously from an h+/h+
diploid and identified by replica plating onto malt extract medium followed by iodine
staining. Tetrad analysis can now be carried out using this strain.

Gene replacements in S. pombe can be carried out using the same approach. A gene
replacement event can be selected using a diploid strain in which one copy of the gene is
disrupted with the ura 4+ gene, because ura 4- cells generated when the disrupted gene
is replaced will be resistant to the drug 5-fluororotic acid (5-FOA). Thus, replacement of
the ura 4+ disrupted gene with a linear DNA fragment containing the in vitro altered
gene will convert the cells to a 5-FOA-resistant phenotype. It is necessary to maintain
the presence of 5-FOA in the medium, as the effect is reversible. 5-FOA is used at 1 mg
/ mlin plates. NB - this is an expensive chemical. It is always wise to check for the
occurrence of the event by Southern blotting of the genomic DNA of the new construct.

Method II: Gene replacement using PCR-based gene targetting plasmids containing
ura4+ or kan module

1. Design primers: 100mer oligos with 80nt to gene of interest and 20nt to ura4/kan
module; primers should be HPLC purified.

2. Do 2-5 independent PCR reactions.

Pool reactions

Purify the DNA by phenol/chloroform extraction and concentrate by ethanol
precipitation. Resuspend in 10ul of TE.

3. Follow lithium acetate method II (see section 2.1) for transforming PCR products, with
the following modifications:

Grow cells in YE5S instead of MM.

Plate on YE5S with NO kanamycin.

Incubate overnight at 30°C.

Replica plate the resultant lawn onto YE5S with 100png/ml kanamycin.
Incubate at 30°C.

You will have large and small colonies- pick the large ones and restreak, etc.
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2.5 Stability test.

This test is used to check the stability of a transformed plasmid. If the plasmid is
replicating autonomously it will be lost in the absence of selection; on the other hand, if
the plasmid has integrated or there has been a reversion or gene conversion event the
phenotype is maintained after relaxing the selection. The procedure is as follow:

1. Take transformant colony and streak out to single colonies on YES agar with no
selection for about 3 days until colonies form.

2. Replica plate to selective medium e.g. 35°C on YES for a ts strain , 25°C on minimal
for the auxotrophic marker and check for the stability of the prototrophic (and / or
other plasmid-borne) phenotypes. The sup3-5/ade6-704 system (described above) is
particularly useful for this purpose.

2.6 Cloning mutant alleles by gap repair.

This technique is designed to clone chromosomal mutant alleles of previously
cloned genes.

1. Construct a plasmid containing a selectable marker (LEU 2) and the wild type copy of
the entire chromosomal region of interest.

2. Digest the plasmid with a restriction enzyme to completely remove the ORF. Purify
the linear fragment containing the plasmid with the upstream and downstream flanking
DNA sequences .

3. Transform 1 pg of this fragment into the strain containing the allele of interest.
Identify transformants expressing the selectable marker. The gap in the plasmid is
repaired using the mutant chromosomal sequences as a template.

4. Recover the plasmid from yeast as described below.

The efficiency of recovery of "repaired" plasmids versus "recircularised" plasmids
appears to depend on the size of the flanking sequences, 1kb either side is
recommended. On average 25 % of the plasmids obtained are "repaired". If
overexpression of the mutant allele is deleterious to the cell it may not be possible to
recover the repaired plasmid.
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An alternative procedure we have used involves integrating a sup3-5 containing plasmid
adjacent to the mutant allele and then cutting out this plasmid with the mutant allele to
recover it in E. coli. It is also simple to obtain the chromosomal mutations by PCR using
the flanking sequences as oligonucleotide primers, although care is necessary since PCR
is mutagenic (approx 3 x 10 -5/ base ).

2.7 Recovering plasmids from S. pombe.

Plasmid recovery from S. pombe is difficult as 2 pm based plasmids often seem to form
multimers, and rearrangements (tandem duplication or deletions) are frequent. This
problem can be avoided by using the plasmid pFL20 or derivatives that contain the stb
element and remain as monomers. Furthermore, ars1 plasmids, which comprise many
of those currently in use, do not tend to rearrange and are easy to recover. Itis worth
noting also that yeast material in the final preparation appears to inhibit E. coli
transformation and thus using more of the preparation may not be a good idea To
recover a plasmid from a transformant there are two procedures which are routinely
used:

A. 1. Grow up 10 ml of cells under selective conditions to ODsg5=1 ( 2 x 107
cells/ml).

2. Spin down the cells 3000 rpm 5 minutes.
3. Resuspend in 1.5 ml:

50mM Citrate/ Phosphate pH 5.6 (7.1 g/1 NapHPO4, 11.5 g/1 citric acid)
.2M Sorbitol

(Adjust to pH 5.6 with 5M NaOH.)
2 mg/ml Zymolyase-20T (added after autoclaving).

transfer to an Eppendorf tube and incubate at 37°C for 1hour.

4. Pellet the cells in an Eppendorf centrifuge for 30 seconds. Resuspend in 300 ul
TE.

5. Add 35 ul 10% SDS, mix and incubate at 65°C for 5 minutes.
6. Add 100 pl 5M potassium acetate, mix and leave on ice for 30 minutes.

7. Spin down at 4°C for 10 minutes.
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8. Add 50 ul of supernatant to 100 pl Nal solution (Geneclean Kit, Stratech
Scientific Ltd.) with 5 pl glassmilk (Geneclean Kit, Stratech Scientific Ltd.).

9. Incubate for 5 minutes at room temperature.

10. Spin for 5 seconds (maximum) at room temperature, discard the supernatant
and wash the pellet three times with 400 pul of ice-cold NEW wash (Geneclean Kit,
Stratech Scientific Ltd.).

11. Elute DNA twice with 10 pl of TE at 55°C for 3 minutes each time.

12. Spin out the glass milk and keep the supernatant.

13. Transform 5 pl of the supernatant into 100 pl of competent E.coli JA226 cells.
The use of the Geneclean or Qiagen kits improves the transformation frequency by at
least 10 fold; also it is very important to use a recBC E.coli strain such as JA226 when
using 2 um or non-ars containing plasmids. For arsl based plasmids recA strains like E.

coli DH5 can be used.

A second method is also used; this has been less well tried in this lab but is quicker and
reportedly gives good results, as follows:

B. 1. Grow small cultures (at least 1.4 ml) with selection.
2. Collect the cells by a 5 second spin in a microfuge.

3. Decant away the supernatant and briefly vortex the tube to resuspend the
pellet in the residual medium.

4. Add 0.2 ml of
2 % Triton X-100
1 % SDS
100mM NaCl
10mM Tris HCI (pH 8.0)
1mM NapEDTA
5. Add 0.2 ml phenol:chloroform:IAA and 0.3 g acid washed glass beads.

6. Vortex for 2 minutes and then microfuge for 5 minutes.

7. Take upper aqueous layer to a fresh Eppendorf and extract with 200ul
phenol:chloroform:IAA.
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8. Precipitate the DNA , wash with 70% EtOH, dry and resuspend in 10ul TE.
9. Use 1-5 pl for transformations of competent E.coli or yeast .

Note: This method also works well for isolating genomic DNA.

2.8 Multicopy overexpression of genes under the control of the nmt
promoter

The standard Thiamine concentration for repression of gene expression from the nmt-1,-
41 and -81 promoters is 15pM (200ul per 400ml medium of a 10mg/ml stock solution
stored in the dark at 4°C), although 2uM Thiamine is usually sufficient for repression of
the promoter in most cases, and may aid induction. Certain "toxic" gene products
require extra suppression and growth can be aided by increasing the concentration up to
60uM especially when using nmtl which is the strongest and leakiest of these
promoters. Despite the above, it is not really possible to partially induce the promoter
in a population by using low thiamine concentrations.

If overexpression of a gene product is toxic to the cells, they will quickly be selected
for containing recombinant plasmids that are less toxic. These cells may rapidly
overgrow the other cells. Addition of Thiamine during the experiment may help to
keep concentrations topped up!

A Thiamine concentration of 2nM in minimal medium plates is sufficient for cells
overexpressing prep3x-nmtl-ruml, to grow to a colony size of 0.1-Imm in three days at
32°C, before running out of Thiamine. Such colonies consist of cells showing the rum1
overexpression phenotype (which ran out of Thiamine before running out of nutrition -
at the border of the colony) and of starved wild-type cells (which ran out of nutrition
before running out of Thiamine - in the centre of the colony). Although the ruml
overexpression phenotype is lethal the strains can be recovered very easily by
transferring the starved cells to +Thiamine medium. This method has been used in a
screen designed to isolate ¢cDNAs whose products alter cell morphology when
overexpressed. It has the advantage that no replica plating from +Thiamine to -
Thiamine plates is required.

The minimal Thiamine concentration mentioned above might have to be increased or
further decreased to give similar results when overexpressing other genes and/or when

using another promoter.

Promoter strength (and leakiness): nmt1l > nmt41 > nmt81
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If a strain is used for a screen containing ectopic expression of a gene from the nmt
promoter, mutations frequently affect the activity of the nmt promoter. These should be
screened out in a secondary screen, e.g. by Northern Analysis.
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Section 3
Fission yeast physiology

Introduction

The cell cycle and cell growth.

S. pombe cells coordinate cell growth and the cell cycle. Exponentially growing
wildtype cells are born at a similar cell size and double their mass before entering the
next round of cell division. This is the result of a size control coupling growth and the
cell cycle. They grow by tip elongation, therefore cell length is a measure of the cell
cycle stage of a cell. For this reason if you size select cells for instance by elutriation,
they will all be at the same stage in the cell cycle.

To achieve this, exponentially growing wildtype S. pombe cells use a size control in G2
which controls the size requirement for entry into mitosis. However, if this size control
is eliminated by mutation or an environmental change, then a cryptic G1 size control
comes into 