Boris G eber

Mouse enbryonic stem (ES) cell culture - basic procedures

This protocol presents sonmething |like a brief "best of" collection fromvarious sources
pl us sone or the autor's own experiences. A very good and nore el aborate protocol can for
exanpl e be found in:

M P. Matise, W Auerbach and A L. Joyner
Production of targeted enbryonic stemcell clones
in: A L. Joyner (ed.) - Gene Targeting, a practical approach, 2nd edition)
The Practical Approach Series, Oxford University Press 2000

(book is available in our library)

| nportant rules for ES cell culture
(It is assunmed that differentiation of ES cells is to be prevented...)

- ES cells do not like to be alone, chose appropriate size of dish at thaw ng, do not
routinely split by nore than 1/10

- do not overgrow, split when sem confluent, otherwise cells will differentiate

- routinely cells should be passaged every 2-3 days

- to prevent differentiation always dissociate cultures into single cells after
trypsini zation

- do not grow cells for too Iong before starting an experinment, always try to reduce tine
the cells are in culture

- water and serumquality are very inportant (for the latter test different batches from
di fferent manufacturers)

- it is best to feed cells, i.e. change nmedium every day; also refeed cells about 3
hours before passaging or freezing them

Signs of differentiation

(spontaneously differentiated ES cells do not always | ook the same dependi ng on the cause
of differentiation: |ow feeder quality, inappropriate feeder density and/or |ow LIF
concentration - see bel ow)

- colonies are surrounded by flattened cells that differ norphologically fromthe
undi fferentiated ES cells in the centre, often these cells at the colony's edge appear
dark and spi ky

- large colonies with necrotic centres, these appear as cells wi th defined boundaries:
happens to cells which were not passaged for several days

- col oni es appear as individual cells rather than as syncial mass, often cell nucleus is
clearly visible in differentiated ES cells

- flattened col onies that appear as single-cell layers surrounded by a circle-like
boundary

Ceneral tips

- keep a record of how often cells are passaged

- for passaging and freezing it is best if cells are at subconfluence.

- growi ng conditions should be optiml regarding growh rate and plating efficiency -
suboptimal conditions can e.g. be due to a bad batch of FCS (see ingredients of nmedi um
bel ow)



ES nmedi um

ES cells are grown at 37°C/ 5% CO’ / 95% humidity in dishes coated with a feeder |ayer of
mtotically inactivated primary nmouse enbryonic fibroblasts (see accompanyi ng protoco
“Isol ation and handling of primary nmouse enbryonic fibroblasts (MEFS)"). In contrast to
the feeder cells, ES cells formcolonies rather than a single-cell |ayer

DVEM (hi gh gl ucose, G bco 41966-052, store in fridge) mnimal nedi um suppl enented
before use with

- 15% (v/v) FCS (serum from newborn calf, liquid, tested for ES culture, store aliquots
at -20°C

- 1/100 (v/v) L-glutam ne (200nM G bco 25030-024, store aliquots at -20°C), stable in
solution for 10d only

- 1/100 (v/v) non-essential amino acids (G bco 11140-035, store aliquots in fridge)

- 1/100 (v/v) pen/strep (G bco 15140-122, store aliquots at -20°C)

- 1/500 (v/v) 2-nmercaptoethanol (G bco 31350-010, 0.1mM final conc., store aliquots in
fridge)

- 1/10,000 (v/v) LIF ("ESGRO' from Chem con, No. ESGL107, 1000 Um final conc. or |ess
(dependi ng on properties of respective cell line), make up 1/100 dilution in DVEM with
10% (v/v) or so serumto be further diluted by 1/100 to achieve the working conc., very
expensi ve, store at -20°Q)

Remar ks

- feeder |ayers and exogeneously added LIF both serve to prevent differentiation

- medi um shoul d be changed every or nust be changed when it turns orange (timepoint
depends on state of culture and on when medi um has been made up), discard cells if
medi um has turned yellow (acid pH).

- store nmediumin fridge, warmup in waterbath before use

- better make up small anmounts of fresh medium every few days rather than living on a
| arger amount for weeks

Thawi ng ES cel | s (quickly)

VWhen thawi ng ES cells, always have feeder plates prepared (mtonycin Ctreatnent at
| east one day before use, see acconpanying protocol "lsolation and handling

of primary nmouse enbryonic fibroblasts (MEFS)")

- renove ES cells fromfreezer/liquid nitrogen and quickly thaw in a 37°C waterbath

- transfer cell suspension (cell concentration is not very inportant) to a sterile tube
contai ning several m of warm nedi um

- gently mix and pellet the cells by centrifugation @!| ow speed for 5mn

- aspirate off supernatant (renoval of DMSO in freezing nediun) and resuspend cells into
12m (5m ) of warm ES nmedi um and plate out in a 10cm (5cm feeder plate

- ideally refeed cells daily with fresh ES nedi um

- upon subconfluence, cells need to be passaged or frozen or used for doing experinents

Passagi ng ES cells
routinely passage ES cells every 2-3 days (except having col oni es under selection or so),
otherwi se cells will spontaneously differentiate

- check cells under the microscope for subconfl uence

- refeed cells 3h before passing them (very inportant), warmup reagents briefly before
use

- aspirate mediumoff, wash once or twice with PBS (G bco 14190- 169, without bival ent
cations), add about 1m (2m ) of trypsin/EDTA(G bco 25300-096) to each 5cm (10cn) dish
and incubate at 37°C until colonies float off when flicking the plate

- carefully transfer trypsin/cell suspension to a sterile falcon - this is to enrich the
ES/feeder mx for ES cells - and trypsinize for a few nore mnutes at 37°C

- dissociate colonies into single cells by "G |son pipetting", then add several m of
medi um (no need to use expensive ES nediumat this point) to inactivate the trypsin
pellet cells by | ow speed centrifugation

- renove supernatant, resuspend cells in appropriate volune of ES nmedi um dependi ng on



plate format and splitting ratio. Splitting ratios for ES cells can vary from1l:1 to
1:10. Do not routinely exceed 1:10. The area rel ationships for several dish formats are
gi ven bel ow.

dish |diameter | area(cnf) | rel. area |final vol. | trypsin
96wel | | 0.6cm 0.3 1/ 200 0, 2m ca. 50ul
24wel | 1.5cm 1.8 1/ 30 1 nm ca. 300ul
5cm 5.1cm 20 1/ 3 5 n ca. im
9cm 8.5cm 57 1 10 m ca. 2m
10cm 10. Ocm 79 1.4 12 m ca. 3mi
Sone typical passaging ratios:
1:6 =1 x 5cm to 2 x 9cm
1:6 =1 x 96well to 1 x 24wel |

pl ate out cell suspension and rock plates gently to achieve a uniform CFU distribution
Believe it or not, the optiml novenent depends on the plate format - | found a
"rotating"” novenent to be optimal for dishes/wells below a dianeter of 5cm For 9 and
10cm di shes better nmove plate back and forth a fewtimes, then to the left and right.
For 5cm di shes do sonething in between, i.e. describing an "eight". Return plates to
the 37°C i ncubator.

al ways check feeder quality before using them Feeder cell density is very inmportant to
achi eve optinmal growth conditions: They shoul d be al nost confluent, but each feeder

cell should have enough space around itself to "spread". Use feedes that are at | east
one day ol d (because then they will have settled nicely and fl attened)

Freezing ES cells (slowy)

reduce the tine the cells are in culture before freezing and freeze at a density that
all ows recovery of the culture even if 90% of the cells die during the freezing and

t hawi ng process

check cells under the m croscope for subconfl uence

refeed cells about 3h before freezing them Have a precool ed styrof oam box as well as
cryo-vials and freezing nmedi um (10% DMSO, e.g. Signma D2650, in ES nmedium ready on ice
aspirate nedium off, wash once or twice with PBS (G bco 14190- 169, without bival ent
cations), add about 1m (2m ) of trypsin/EDTA (G bco 25300-096) to each 5cm (10cn) dish
and incubate at 37°C until colonies float off when flicking the plate

carefully transfer trypsin/cell suspension to a sterile falcon - this is to enrich the
ES/feeder mx for ES cells - and trypsinize for a few nore mnutes at 37°C

di ssociate colonies into single cells by "G lson pipetting", then add several m of
medi um (no need to use expensive ES nediumat this point) to inactivate the trypsin
pellet cells by | ow speed centrifugation

renove supernatant, resuspend cells in appropriate volume of pre-cooled freezing nedi um
and imedi ately transfer into freezing vials on ice (1m per vial). Transfer vials into
pre-cool ed styrof oam box (inside ideally about 0°C) and then to a -80°C freezer. It is
i mportant to work quickly.

next day or later, transfer cells to a liquid nitrogen freezer



