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Glossary
Abbreviation / acronym Description
BAC Bacterial Artificial Chromosome
bFGF Basic Fibroblast Growth Factor
-ME -Mercaptoethanol
cDNA Copy DNA
cRNA Copy RNA
DEPC Diethylpyrocarbonate
DMEM Dulbecco’s Modified Eagle Media
DMSO Di-Methyl-Sulf-Oxide
dNTP Deoxynucleotide triphosphate
DS Double-Stranded
EB Embryoid Body
EDTA Ethylenediamine Tetraacetic Acid
EGFP Enhanced Green Fluorescence Protein
ELISA Enzyme-linked Immunosorbent Assay
ES Embryonic Stem (cell)
FA Formaldehyde Agarose
FBS Foetal Bovine Serum
FCS Foetal Calf Serum
GMEM Glasgow’'s Minimal Essential Medium
IMDM Iscove Minimal Essential Medium
IVT In Vitro Transcription
KSR Knockout Serum Replacement
LIF Leukaemia Inhibitory Factor
MEM Minimal Essential Medium
MRNA Messenger RNA
NBM Neural Basal Media
NEAA Non-Essential Amino Acids
oD Optical Density
P.A. Per Analysis
PBS Phosphate Buffered Saline
rRNA Ribosomal RNA
RT Room Temperature
RT-PCR Reversed Transcription PCR
TBD To Be Defined
TC Tissue Culture
RT-PCR Reversed Transcription PCR
ELISA Enzyme-linked Immunosorbent Assay
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1 Executive Summary

This document describes methods for mouse embryonic stem cell research covering aspects of ES
cell culture, ES cell differentiation towards different lineages and tools for genetic engineering and
functional studies in ES cells.

Work on the following areas is described:

Cell culture methods and differentiation protocols

RNA isolation and quality control methods

Sample preparation and labelling for Affymetrix chip hybridisation
esiRNA production protocols

Red®/ET® recombination technology for modifying large DNA constructs

Creating transgenic ES cell lines for lineage selection and/or reporter functions using BAC
constructs

© FunGenES Consortium Page 4
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2 Introduction

The partners cooperating in the FunGenES project are experts and all involved in embryonic stem
(ES) cell-related research for many years. Each of these partners has developed in the past
protocols and techniques for propagating ES cells, differentiating them and studying their biology.

The FunGenES consortium was formed to systematically study the genetical mechanisms
governing ES cell self-renewal, lineage commitment and differentiation into somatic cells using a
unified approach based on expression profiling in mouse ES cells engineered to provide lineage
selection and reporter functionalities. Subsequent functional analysis of the genes identified using
expression profiling will advance the understanding of the molecular mechanisms underlying self-
renewal and differentiation in ES cells.

The present Handbook of work methods represents the compilation of the individual partners’
experience in ES cell research field; a few proprietary protocols had to be excluded for obvious
reasons. The FunGenES consortium would like to share its standardised protocols and knowledge
with the wider research community to help advance stem cell research and encourage newcomers
to this exciting research area.

This handbook includes a section dealing with the propagation of ES cells, appropriate media for
culturing and cryopreservation. Protocols describing differentiation conditions for deriving cells of
ectodermal, mesodermal and endodermal origin are provided. Reflecting FunGenES’ focus on
functional genomics, separate chapters detail the sample preparation and labelling for expression
profiling using the Affymetrix platform. A dedicated chapter describes the Red®/ET® recombination
technology which enables the manipulation of large DNA constructs such as BACs and includes
specific applications for creating BAC knockout constructs, subcloning from BACs and modifying
BACs for use in lineage selection strategies. The use of BAC constructs in generating transgenic
ES cells circumvents many problems commonly encountered using plasmid-based vectors, such as
positional effects, silencing or mosaic expression. A protocols for creating ES cell lines using
engineered BACs has been included. Last, but not least, one chapter describes the use of esiRNA
in functional studies of ES cells. Due to its potential for upscaling and its cost-effectiveness,
esiRNA libraries facilitate large-scale screens using suitable readout systems, such as ES cells
possessing reporter functionality.

© FunGenES Consortium Page 5
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3 Protocols

This section provides an overview of the protocols and techniques used by the FunGenES
partners.

3.1 Cell culture methods and differentiation protocols

3.1.1 Self-Renewal*

MATERIAL

ES cell line
ES cell line E14TG2a ES cells are grown without feeder cells.

Plastic material
92mm TC dishes (92x17mm, Nunc, Cat no. 150350)
60mm TC dishes (60x15mm, Nunc ,Cat no. 150288)
10 ml pipettes (Griener, Cat no. 607180)
25ml pipettes (Griener, Cat no. 760180)
15 ml tubes (Griener, Cat no. 188271)
50 ml tubes (Griener, Cat no. 227261)
Cryovials 1ml (Nunc Cat. no. 366656)
Pasteur pipettes (Griener, Cat no. 612398)

Cell culture media

Glasgow minimal essential medium (GMEM/BHK-21) (500 ml bottle; Invitrogen Cat no. 21710-
025)

Knock-Out DMEM (500-ml bottle; Invitrogen Cat no. 10829-018)
Knock-Out Serum Replacement (500-ml bottle; Invitrogen Cat no. 10828-028)

Fetal bovine serum (FBS) characterized and screened for ES cell growth (Typically Hyclone
ES-tested, PerBio).

Phosphate buffered saline (PBS w/o Ca2+/MgZ+) (500-ml bottle; Invitrogen, Cat no. 14200-067)

Trypsin/EDTA solution (Ca2+/MgZ+-free) (500 ml bottle; Invitrogen, Cat no. 25300-062).
Aliquoted in 50ml tubes and stored at —20<C. Once t hawed, store at 4C.

Supplements and substances
Leukaemia inhibitory factor (LIF) (Chemicon, cat. no. ESG-01106, 10° U/ml)
L-glutamine (100x concentrated, 200 mM; 100-ml bottle; Invitrogen Cat no. 25030-024)
Non-essential amino acids (NEAA) (100x, 100-ml flask; Invitrogen, Cat no. 11140-035)
Sodium Pyruvate (100x, 100 mM; Invitrogen, Cat no. 11360-039)
b-mercaptoethanol (14.3 M,Bio-Rad, Cat no. 161-0710)
Gelatin Type A (from, Porcine skin Sigma Cat no. G1890)
Di-methyl-sulphoxide (DMSO) Hybri-Max (Sigma Cat no. D2650)

! Contributed by Pierre Savatier, INSERM, Lyon, France
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Self prepared media and solutions

1. GMEM Media: GMEM supplemented with 10%(v/v) FBS, 2mM L-glutamine, 50 yuM b-
mercaptoethanol, 1x NEAA, 1mM Na Pyruvate and 1000 u/ml LIF.

2. Knock-out Media: Knock-out DMEM supplemented with 15%(v/v) Knock-out serum
replacement, 2mM L-glutamine, 50 puM b-mercaptoethanol, 1x NEAA and 1000 u/ml LIF.

Typically we make up a 500ml bottle of media WITHOUT LIF. When manipulating cells, add LIF
freshly.

Since any differentiated cells are lost in knockout conditions, we routinely use Knock-out media for
maintaining and passingES cellsand GMEM media for expanding cells and self-renewal assays,.
Cells grow slower in Knock-out than they do in GMEM media.

Cryo-preservation medium for freezing
GMEM media on ice.
GMEM media + 20% (v/v) DMSO on ice.

Wash medium
1x PBS

Gelatin solution
Make up 0.1% (w/v) gelatin solution in dH,O and autoclave. Store at room temperature.

METHODS

Preparation of gelatin coated dishes

To coat dishes, place 5mls of 0.1% (w/v) gelatin in 92mm dishes or 3mls 60 mm dishes. Incubate
for at least 15 min and aspirate/discard the gelatin solution shortly before use.

Thaw E14TG2a ES cells
1. Fill a 15 ml tube with 5-10 ml GMEM or Knock-out medium.

2. Take out a frozen vial from liquid nitrogen and place immediately in a water bath (37<C) until it
is just thawed.

Transfer the vial to a sterile atmosphere and wipe vial with 70% Ethenol.
Transfer the thawed cell suspension into the 15 ml prepared tube.
Spin down for 5 min at 1000 rpm RT.

Aspirate the medium, tap the base of tube to loosen the cell pellet and add 10 ml ES cell
culture medium (GMEM or Knock-out) to resuspend the cells.

Transfer the whole ES cell suspension into the prepared dish.
Place the dish into the incubator at 37<C / 5% C O, / humid and incubate overnight.
9. Change the medium or passage 24 hours later.

o gk~ w

© ~

Culture E14TG2a ES cells
1. Passage (sub-culture) ES cells when the cells gets to ~ 60 — 70% confluence.
2. Aspirate the medium and wash the ES cells twice with 1xPBS.

3. Add 1 ml trypsin/EDTA solution (at room temperature) to each dish, tilt dish to cover cells with
trypsin and aspirate most of the trypsin solution. Incubate at 37<C for 3-4 min until the cells
detach. Hold dish tightly and tap the side of the dish against the side of your hand to dislodge
the cells. Resuspend cells in 5 mls of GMEM of Knock-out medium, pipetting gently up and
down. Aim to generate a single cell suspension to minimize spontaneous differentiation.

© FunGenES Consortium Page 7
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4. Transfer the suspension into a 15 ml tube, take a small aliquot for counting the cells and spin
down the remaining cells for 5 min at 1000 rpm by RT.

5. Count the cells and calculate the volume of media to obtain a cell suspension of 1 x 10°
cells/ml. Aspirate the supernatant and resuspend the cells in the defined culture medium (Note:
A single cell suspension must be generated since aggregates will lead to cell differentiation.)

6. Aspirate the solution from a gelatin-coated dish and seed with required number of cells,
depending on experiment ~ 2 x 10° cells per 60 mm dish is good for passaging.

7. Passage the cells after two days (optimal) or three days if plated at lower density.

Freeze E14TG2a ES cells

1.
2.
3.

Place GMEM media and GMEM media + 20% (v/v) DMSO on ice.

Label cryotubes with all important data (date, passage, cell line) and place on ice.

Trypsinise ES cells and generate a single cell suspension, as though preparing to passage the
cells. Count cells.

Spin down the suspension for 5 min / 1000 rpm, aspirate the supernatant and tap base of tube
to Iogse the cell pellet. Resuspend cells in ice-cold GMEM media to give a cell suspension of 2
x 10°/ml.

Add an equal volume of ice-cold GMEM + 20% DMSO DROPWISE to the cell suspension
while gently shaking.

Place 1ml of this cell suspension into each cryovial and place on ice. Put filled cryovials into
polysterene rack and place in —80C freezer for at least 24h. Transfer to liquid nitrogen for
long-term storage.

Frozen cells must be tested: thaw 1 vial of the frozen cells and check if the cells are viable and
healthy enough.

Self-renewal assays

1.

Plate ES cells between 3 - 5 x 10° cells per gelatin-coated 60 mm tissue culture dish in GMEM-
media with or without LIF and culture them for 3-7 days.

To detect cells expressing alkaline phosphatase, a marker of pluripotency, wash cells on dish
twice with PBS.

Fix cells in 100% methanol for 10 min. Allow to air dry.

Dissolve Napthol AS-MX phosphate (Sigma N 4875) in 0.1M Tris pH 9.2 with final con. of
2mg/ml.

Dissolve Fast Red TR saltTM (Sigma F2768) to 1mg/ml in 0.1M Tris pH 9.2. Add Napthol
phosphate to a final concentration of 200mg/ml (1:10 dilution). Mix well.

Use ~ 3mls stain per 6 cm dish. Incubate for 10-20 min.
To stop reaction, rinse cells twice with distilled water and allow to air dry.

Alkaline phosphatase positive colonies stain red and should retain a compact, largely spherical
appearance. Count those colonies in triplicate for each plate.

© FunGenES Consortium Page 8
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3.1.2 Ectoderm?

3.1.2.1 Derivation of neurons from ES cells with KSR Media using E14-derived
Sox1Tv2 cell line (Sox1-driven neomycin resistance)

Usable with the sox1-GFP cells (46C) too. This is a differentiation protocol utilising retinoic acid in

the 4-/2+/2- format.

MATERIAL

1x/4x Trypsin

GMEM media 10% FCS (-LIF) (for quenching)

GMEM media 10% KSR (-LIF) (for passaging)

PBS solution

Retinoic Acid (RA) (16mM stock)

Selection Antibiotics (G418 — 200 g/ml stock; Gancyclovir — 10mM stock)
DMEM:NBM (1:1) and (1:4) (fully supplemented)

bFGF solution (50 g/ml stock)

EQUIPMENT

10cm/20cm Sterilin Petri dishes

Nunc 4-well TC plates (prepared with Poly-D-Lysine/Laminin coating — see separate protocol)
Universals (30ml)

Plastic disposable pipettes (for EB manipulations)

METHOD

Passage the cells 24 hours before wishing to establish the differentiation/formation of EBs. Aim
to achieve approximately 70% confluency within the flask/s. This passage in aimed to make it
easier to detach the cells from the flask the following day in such a way that they come off in
small clumps, rather than as a single cell suspension. For production runs this final passage
should be made into 2.5% FCS/7.5% KSR media.

Trypsinise (0.5ml/T25; 1.5ml/T75; 2ml/T150) for no longer than 30 sec to 1 minute in the
incubator. Remove flask and tap side gently to dislodge any remaining attached cells. Add
GMEM media 10% FCS —-LIF media to quench trypsin disgestion with a wide-bore plastic
pipette, so as not to break up any already formed cell clusters. Transfer cell suspension to a
universal and centrifuge at 800 rpm for 4 min.

Remove media, replace with 10 ml of fresh GMEM media 10% FCS—-LIF media and count cells,
centrifuge once more, 800 rpm for 4 min.

Re-suspend cells in fresh 10ml GMEM with10% KSR —LIF media and transfer to a bacterial
grade Petri dish. Scale is approximately 4-5 x 10° cells per 10 cm dish, 1 x 10’ per 20 cm dish.
(Therefore T75 into two 10 cm dishes; T150 into four 10 cm dishes or two 20 cm dishes.) A
10 cm dish holds 10 ml media, a 20 cm dish holds 20 ml media.

Culture cells for two days, on day two (D2) change the media. Using a wide-bore plastic pipette
remove all cells and media from dish into a fresh universal. Allow EBs to settle to the bottom

2 Contributed by Tim Allsopp, Stem Cell Sciences Ltd, Edinburgh, UK
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10.

11.

12.

13.

14.

15.

then remove surface media only. Add GMEM media 10% KSR-LIF media and return EBs to a
fresh Petri dish of appropriate size.

On day four (D4) change the media as in step 5. Once cell bodies are back into the dishes add
retinoic acid to a final concentration of 10°M. To prepare retinoic acid take 1 aliquot (100 I) of
16mM stock and add it to 900 | of GMEM media 10% KSR -LIF Mix well. Add 6.75 | to each
10cm dish/10mI media (GMEM 10% KSR -LIF), add 13.5 | to each 20cm dish/20mI media
(GMEM 10% KSR —-LIF). Swirl plate gently to mix evenly.

On day six (D6) change the media to a 1:1 mixture of DMEM/F12 and NBM. The media is
supplemented with N2 additives (include insulin and other nutrient growth factor and essentials)
(added to DMEM) and B27 and glutamine (added to NBM). At this point also you add
selection/antibiotics if required, for example if soxll targeted add G418 (1:1000 from 200 g/mi
stock).

On day eight (D8) the EBs are collected and allowed to settle in a universal. Remove surface
media and replace with warm sterile PBS. Allow to settle, remove first PBS wash and repeat
PBS washing and settling procedure.

To collected cells add 0.5ml of 4x trypsin. Place in water bath for 2-3 min. (NB — it does not
matter what size of dishes you are using, use 0.5ml trypsin per universal of collected EBS).

Add 9.5mI-LIF media to quench trypsin. Using now a glass pipette. Pipette up and down about
6-8 times to further dissociate EBs. Allow cells to settle. Taking a new glass pipette carefully
pipette off the supernatant and transfer to a clean universal. Centrifuge supernatant at 1100rpm
for 3 min. Repeat aspiration, re-suspension and centrifugation steps once more with —LIF
media.

Aspirate off the supernatant and re-suspend cells in 10 ml 1:1 DMEM/NBM media and count
cells. Note that counting should be done carefully as cells are often small and irregular in
shape, use trypan blue or nigrosin staining technique if it helps.

Centrifuge the cell suspension once more as in step 10. Replace media with 1:1 DMEM/NBM
with supplements. Add bFGF (FGF2) to a 1:100 dilution. (To prepare bFGF take 20 | aliquot of
50 g/ml stock solution. Measure out 980 1| 1:1 media and add the 20 | bFGF, swirl to mix.)
Plate cells on pre-prepared PD lysine-laminin coated NUNC 4-well plates at a cell count of 2 x
10°. (Use only 500 | total volume per 15 mm wells). If using 96-well plates (IWAKI) then use 1
x 10° per well in 100 | media.

On day one post-plating (D1PP), 24 hours after first plating to NUNC plasticware, change the
media. Use 1:1 DMEM/NBM with bFGF.

On day two post-plating change the media again. Use 1:4 DMEM/NBM, but do not add bFGF
or any selection from now on. Culture for as long as desired.

Notes: Different cell-lines have different protocol s regarding selection used and how much
to add. They also differ in the retinoic acid proto col and may require 4 days instead of 2 with
RA added to the media.

Passaging Cells

o gk wbdhE

7.
8.
9.

10.
11.

Gelatinize flasks (ES cells only)

Draw off medium using aspirator

Add 5 ml PBS down opposite side of the flask from the cells
Wash cells then draw off PBS using aspirator

Repeat steps 2 and 3

Add trypsin (1 ml = T75, 2 ml = T150) down opposite side of flask. Ensure trypsin covers cell
monolayer. Recap flask and place in the incubator for approximately 30 sec

Tap flask to dissociate cells

Check under inverted microscope to ensure cells are dissociated

Add 4 ml medium for 1 ml trypsin, transfer to universal

Spin cells down in bench centrifuge, 5 min at 1200 rpm

Resuspend cells by pipetting up and down 3 times with medium and transfer to a universal

© FunGenES Consortium Page 10
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12. Count the cells using a hemocytometer
13. Again spin cells down in bench centrifuge, 5 min at 1200 rpm
14. Aspirate off medium, resuspend in a suitable volume of media
15. Seed cells in (gelatinized) flasks, make up volume to

a. 10 ml /T25 flask

b. 30 ml / T80 flask

C. 50 ml/ T175 flask
16. Gas the flask using CO, cylinder
17. Seal cap and return to incubator

3.1.2.2 Derivation of neurons from ES cells by monolayer differentiation

1. Add 0.1% gel solution to culture flasks/wells. Leave for a minimum of 30 min.
2. Remove flask of cells from CO, incubator and aspirate media.

3. Wash with prewarmed PBS, and then draw off PBS using aspirator

4. Repeat steps 2 and 3

5

Add trypsin (1 ml = T75, 2 ml = T150) down opposite side of flask. Ensure trypsin covers cell
monolayer. Recap flask and place in the incubator for approximately 30 sec

6. Tap flask to dissociate cells

7. Check under inverted microscope to ensure cells are dissociated

8. Add 4 ml medium for 1 ml trypsin, transfer to universal

9. Spin cells down in bench centrifuge, 5 min at 1200 rpm, discard old media and add fresh one?
10. Resuspend cells by pipetting up and down 3 times with medium and transfer to a universal

11. Count the cells using a hemocytometer. Calculate amount of inoculum required per flask or
well: each well of a 6-well dish requires 8 x 10* cells

12. Remove the required amount of cells and centrifuge as in step 10.

13. Resuspend in the required amount of N2B27 medium (2 ml medium per well of a 6-well dish)
14. Remove gel solution from well and add 2 ml N2B27 cell suspension to each well

15. Place in an incubator at 37 'C

16. Replace medium every 2 days

17. If desired, cells can be trypsinised on day 6 and replated on pre-prepared PD lysine-laminin
coated NUNC 4-well plates at a cell count of 2 x 10°. (Use only 500 | total volume per 15 mm
wells).

18. Continue to change medium every 2 days as required. Culture as desired.

3.1.2.3 Derivation of neurons from ES cells by monolayer differentiation:
optimized protocol®

Consecutive application of TWS119 (day 3) and LY411575 (day 4) amplifies neuronal
differentiation

1. Add 0.1% gelatin solution to culture flasks/wells. Leave for a minimum of 30 minutes
2. Remove flask of cells from CO, incubator and aspirate media.
3. Wash with PBS solution which has been warmed up to room temperature.

% Contributed by Sophie Rousse, Sanofi-Aventis, France
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Wash cells then draw off PBS using aspirator.

Add tryple (from INVITROGEN)

Place in the incubator for 5 min.

Tap plate to dissociate cells

Add ES medium transfer to universal

Count the cells. Calculate amount of inoculate required per flask or well: a well of a 12-well dish

needs 7 x10* cells

10. Spin cells down in bench centrifuge, 5 min. at 1800 rpm

11. Remove the supernatant and resuspend cells in the required amount RHBA medium (available
from Stem Cell Sciences) and transfer to a Falcon.

12. Remove the gelatin solution from wells and distribute cell suspension (1ml to one 12-well dish)

13. Place in incubator at 37 °C : Day 0.

14. Replace medium every 2 days.

15. At day 3, add the GSK3-b inhibitor, the TWS119 at the concentration of 1 pM

16. Change the medium at day 4 and replace the TWS119 by the g secretase inhibitor, the
LY411575 at 3 nM
17. Analyze by FACS or other technologies at day 6

©CoNOO O A

Note: It is important to make the control with DMSO exactly as that with products (to compare)
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3.1.3 Mesoderm

3.1.3.1 CGRS8 ES cell culture and differentiation protocol®*

The germ line competent embryonic stem (ES) cell line CGR8 was derived from a male 3.5
blastocyst-stage mouse embryo of mouse strain 129ola. Mitotic inactivated fibroblasts, referred as
feeder cells, are not required for cultivation of these ES cells. The cells grow in Glasgow's minimal
essential medium (GMEM) supplemented with 10% FBS, 2mM L-glutamine, 50uM b-
mercaptoethanol and 100 units/ml Leukemia inhibitory factor (LIF) on 0.2% gelatin coated cell
culture flasks (T25).

The morphological phenotype is described as “small and tidy packed cells in a singular cellular
layer”.

MATERIAL

ES cell line

CGRS8 ES cells generated by Austin G. Smith (European Collection of Cell Cultures (ECACC), cat.
no. 95011018)

Plastic material
T25- tissue culture flask (Becton Dicinson (BD)/ Merck, cat. no. 35-3108)
10 cm petri dishes (bacteriological) (Greiner, cat. no. 664102)
6 cm petri dishes (bacteriological) (Greiner, cat. no. 628102)
6-well cell culture plates (BD/ Merck, cat. no. 35-3046)
24-well cell culture plates (BD/ Merck, cat. no. 35-3047)
5 ml pipettes (Sarstedt/ Merck, cat. no. 35-6543)
10 ml pipettes (Sarstedt/ Merck, cat. no. 35-6551)
15 ml tubes (Falcon, cat. no. 35-2097)
50 ml tubes (Falcon, cat. no. 35-2098)
Cryotubes (Nunc/ Merck, cat. no. 37-5418)
Cell counting chamber (Neubauer/ Merck)
Pasteur pipettes (Merck, cat. no. 6127-1722)
Multipipette (Eppendorf)
Biopure tips (20 pl) (Eppendorf, cat. no. 0012 518.242-05 / 0901)
1000 ul micromolecular-pipette Gilson (Amersham)
Blue tips (Biolabs, cat. no. 70762)

Cell culture media

Glasgows buffered minimal essential medium (GMEM) (500 ml bottle; Sigma Aldrich, cat. no.
G-5154)

Fetal bovine serum (FBS) characterized and screened for ES cell growth (heat inactivated)
(500 ml bottle; Invitrogen, cat. no. 40-F-4498K / 060201-K)

Iscove buffered minimal essential medium (IMDM) (500 ml bottle; Invitrogen, cat. no. 21980-
065)

Phosphate buffered saline (PBS) (w/o Ca®*/Mg>*) (500 ml bottle; Invitrogen, cat. no. 14190-
094)

* Contributed by Agapios Sachinidis, University of Cologne, Germany
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Phosphate buffered saline* (PBS*) (w Ca2+/MgZ+) (500 ml bottle; Invitrogen, cat. no. 14040-
091)

Trypsin/EDTA solution (Ca**/Mg**-free) (100 ml bottle; Invitrogen, cat. no. 25300-054) (Note:
store the solution in the manufacture bottle at —20C, thaw it before use and prepare 10 ml
aliquots, store aliquots at 4C and warm up short b efore use to room temperature (RT))

Supplements and substances

Leukaemia inhibitory factor (LIF) (Chemicon, cat. no. ES-61107; also distributed by Sigma
Alldrich, cat. no. L-5158) (Note: LIF distributed by Chemicon is 107 units/ml concentrated and
must be diluted with PBS* (w Ca’+/Mg**) 1: 10; LIF distributed by Sigma Alldrich is 10° units/ml
concentrated and can be used directly.)

L-glutamine (100x concentrated, 200 mM) (100-ml bottle; Invitrogen, cat. no. 25030-024)
b-mercaptoethanol (14.3 M) (250-ml bottle) (Sigma Alldrich, cat. no. M-7522)

Gelatin type Il (Sigma Alldrich, cat. no. G-2500)

Di-methyl-sulf-oxid (DMSO) (250-ml bottle; Sigma Alldrich, cat. no. D-8418)

Non-essential amino acids (MEM) (100x concentrated) (100-ml bottle; Invitrogen, cat. no.
11140-035)

Self prepared media and solutions
b-mercaptoethanol

Dilute the 14.3 M b-mercaptoethanol solution from the manufacture bottle 1 : 143 with PBS to
get a 0.1 M b-mercaptoethanol solution. (store dark and at 4C, suitable for 5 days)

CGRS8 ES cell culture medium

GMEM supplemented with 10 % FBS, 2mM L-glutamine, 50 uM b-mercaptoethanol and 100
units/ml LIF: 8.9 ml GMEM, 1 ml FBS, 100 pl L-glutamine, 1 pl LIF and 5 pl 0.1 M b-
mercaptoethanol (suitable for 7 days)

CGRS8 EB culture medium

IMDM is supplemented with 100 pM b-mercaptoethanol, 2 mM L-glutamine and 1x
concentrated MEM to get “supplemented IMDM” medium:

489.5 ml IMDM, 5 ml L-glutamine, 5 ml MEM and 0.5 ml 0.1 M (or 3.5 pl 14.3 M) b-
mercaptoethanol (suitable for 7 days) — supplement this medium with FBS short before use

“supplemented IMDM” is supplemented with 20% FBS to get EB culture medium:
40 ml pre-prepared IMDM (“supplemented IMDM”, see before), 10 ml FBS

Cryoconservation medium for freezing
10% DMSO and 90% FBS:

9 ml FBS and 1 ml DMSO (store dark and at 4C, suitable for 7 days, store 30 min (min.) on
ice before use).

Wash medium
GMEM is supplemented with 5% FBS
47.5 ml GMEM and 2.5 ml FBS.

Gelatine solution

Solubilize 5 g type Il gelatine in 500 ml PBS and incubate it for 30 min. at 37<C or boil it shortly in
the microwave. Autoclave this 1% gelatine solution twice for 30 min.(store at 4C, dissolve again 30
min. at 37<C before use).
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METHOD

In the presence of LIF, CGR8 ES cells remain undifferentiated (Picture 1) and they form a cellular
monolayer consisting of small and tightly packed single cells. In the absence of LIF, CGR8 ES cells
differentiate into different cell types (Picture 2) or EBs (Picture 3 + 4). (Note: Morphologically
changes appear firstly three days after LIF deprivation!)

Picture 1. undifferentiated CGR8 ES cells 320x | Picture 2: differentiated CGR8 ES cells 320x
fold fold (10 days without LIF)

Picture 3: CGRS8 4-days old EBs before plating | Picture 4: CGR8 8-days old EB (plated, beating)

The cells grow in gelatin coated cell culture flask, mitotic inactivated fibroblast (feeder cells) are not
required. Before starting with EBs preparation after thawing the cells should be passage 3 — 4
times.

Generate EBs by the “hanging drops” method. In brief, 20ul of an 25,000 cells/ml ES cell
suspension is cultivated in form of a “hanging drop” in the lid of a petri dish for two days. Collect the
EBs in a new petri dish filled with renewed medium and incubate for 2 — 5 further days. These
generated 4 — 7-days old EBs can be plated in gelatin coated dishes.
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Preparation of gelatine coated flasks, dishes or pl  ates
1. Dilute 1% gelatine solution 1:5 with PBS to prepare 0.2% gelatine solution.
2. Fillin 5 ml/T25-flask, 4 ml/6-well plate well or 1 ml/24-well plate well 0.2% gelatine solution.

3. Incubate the flasks or plates for at least 3 hours (or overnight, at most 3 weeks) in a humidified
atmosphere.

4. Aspirate the gelatin solution shortly before use and prevent drying of gelatin-coated dishes or
plates.

Thawing CGR8 ES cells

1. Filla 50 mltube with 10 — 30 ml wash medium.

2. Take out a frozen vial from liquid nitrogen and place it immediately for 2 min. into a 37C warm
water bath.

3. Transfer it into a sterile atmosphere and wipe it with 70% ethanol.

4. Add 0.1 — 0.3 ml wash medium to the vial and transfer the suspension into the 50 ml pre-
prepared tube. (Note: Cells are highly sensitive after thawing, prevent to homogenize by
pipetting up and down.).

5. Spin down for 10 min. at 1000 rpm (HEAREUS Megafuge 1.0R). Aspirate the medium and
resuspend the pelletin 5 ml ES cell culture medium.

6. Aspirate the supernatant from a flask prepared with 0.2% gelatin solution. Transfer the whole
ES cell suspension into the prepared flask. Place the dish into the incubator at 37°C / 5% CO ,/
humid and incubate overnight. Control the cellular morphology and check for contamination
each following day.

7. Change the media 24 hours later or when debris appear.

Culture CGRS8 ES cells

1. Passage (sub-culture) ES cells 1:5 or with final amount of 3 — 5 x 10° cells/flask, when the
culture gets more than 60-75% confluence. (Note: Higher culture densities leads to
differentiation or inhibition of proliferation.)

50 — 60% confluence: 60 — 75% confluence:

2. Aspirate the medium and wash the ES cell culture with PBS. Add 2-3 ml cold (RT)
trypsin/EDTA solution. Incubate at 37<C for 2 — 3 min. until the cells hav e lost their adhesion to
the bottom. Rock the dish and add 7 — 8 ml wash medium.

3. Transfer the suspension into a 15 ml tube. Homogenize the suspension by pipetting up and
down several times to generate a single cell suspension. Spin down for 15 min. at 1000 rpm
and RT.

4. Aspirate the supernatant and resuspend the cells in 5 ml wash medium. Take a small aliquot
for counting cells and spin the rest down for 10 min. at 1000 rpm and RT.

5. Aspirate the supernatant and resuspend the cells in the calculated volume of ES cell culture
medium to obtain a cell suspension with 1 x 10° cells/ml. (Note: The cell suspension must be
totally homogenized, because aggregates (clumps) will lead to differentiation.)
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Aspirate the solution from a gelatin coated T25 flask and fill it with 4.7 — 4.5 ml ES cell culture
medium. Inoculate the flask with 0.3 — 0.5 ml of the 1 x 10° cells/ml ES cell suspension,
corresponding to 3 — 5 x 10° ES cells, respectively. (Note: The titer of the sub-cultured cells
should be higher for earlier culture passages and lower for later cell culture passages.)

Change the medium after 24 hours or passage the cells after two days in case they are
confluent. (Note: Do not passage ES cells 24 hours after plating/replating!)

Counting cells

1.
2.

Prepare a cell counting chamber as described by the manufacturer.

Add the appropriate volume of the cell suspension. Count the cells under a microscope and
calculate the total cell number in your cell suspension as described below.

Prepare a 1 x 10° cells/ml cell suspension finally.
calculation formular

Cell titer (cells/ml) = number of counted cells x chamber factor (Neubauer chamber = chamber
factor 10%

Number of total cells = cell titer x volume of available cell suspension
Volume to resuspend the pellet = number of ES cells/1 x 10°

Preparing CGR8 EBs

1.
2.

For generation of EBs use only bacteriological petri dishes.

Choose 65-70% confluent ES cells 3-11 passages after thawing. Prepare single cell
suspension by trypsinizing ES cells and count the cells. Prepare a 1 x 10° cells/ml cell
suspension with EB culture medium.

Dilute this suspension with EB culture medium to obtain 2.4 x 10* cells/ml (1:40).

(Note: Not each “hanging drop” will generate a EB. You have to prepare 560 drops/24-well
plate. Therefore, you have to prepare 11.2 ml diluted EB cell suspension/24-well plate.)

Fill 10 cm petri dishes with 7 ml PBS each.

Pipette the cell suspension up and down for a couple of times to get a homogenized cell
suspension. Use the multi-pipette to drop 20 pl/drop of this cell suspension into the lid of the
petri dish, placing about 60 — 70 drops/lid.

(Note: Keep 0.5 cm distance between the drops and to the edge.)
Then close the petri dish carefully and incubate the drops as hanging drops for two days.

Open the dish after two days in a sterile atmosphere. Use a blue tip and pick up all drops from
the lid. Or use a 5 ml pipette and 3 ml EB culture medium to remove the drops from the lid.
Collect the drops (EBs) from 3 lids in one new petri dish filled with 10 ml EB culture medium.

Incubate these 2-days old EBs for another 5 (at least 2) days for generation of 7-days old EBs
(correspond 4-days old EBS).

(Note: Preparation of “hanging drops” is not required for generation of EBs. Alternatively use 6
cm petri dishes, fill in 6 ml ES cell suspension (2.4 x 10* cells/ml prepared with EB culture
medium) and incubate for 4 (7) days.)

Generation of cardiomyocytes

1.

Prepare 0.2% gelatin coated 24-well plates. Aspirate the gelatin solution from the 24-well plate
and fill in 0.5 ml EB culture medium/well.

Use a blue tip and the micromolecular-pipette to pick up the 7-days old EBs (i.e 4-days old
EBs) and transfer 20 EBs into each well. (Note: Counting the plated EBs is required to have
comparable experimental conditions in each well!)

Fill then each well to 1 ml finally with EB culture medium and place the plate into the incubator.

Check for cardiomyocytes under the microscope during the next days and change the medium
every second day. Beating cells will occur in 9 — 16 days old EBs (i.e.7 — 14 days old EBs).
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Freezing CGR8 ES cells

1.
2.

N o oA

Keep the cryoconservation medium for 30 min on ice.

Label some cryotubes with all important data (date, passage, cell line) and place them also on
ice.

Aspirate the medium from a 60 — 80% confluent ES cell culture 0 — 11 passages after thawing
and prepare a single cell suspension by treatment with trypsin in wash medium.

Spin down the suspension 10 min / 1000 rpm, remove the supernatant.
Resuspend the cells in 10 ml wash medium and take a small aliquot for counting the cells.
Spin down as before.

Remove the supernatant totally, rock the tube to loosen the pellet and add a defined volume of
ice cold cryoconservation medium to obtain a suspension with 1 x 10° cells/ml. (Note: This is
the trickiest step! Do it as quickly as possible and as often as necessary to get a homogenized
suspenion.)

Fill 1.8 ml of this cell suspension into each cryotube (placed in an ice cold water bath). Place
the cryotube for the next 48 hours in a freezer at —80° C and store it afterwards into liquid
nitrogen and store it until use.

Frozen cells must be tested: Therefore, thaw 1 vial of the frozen cells and check if the cells are
vital and healthy enough.

3.1.3.2 Generation of adipocytes®

MATERIAL

Poly (2-hydroxyethylmethylacrylate) (ICN Biomedicals, 150207).

Retinoic acid: All trans retinoic acid (RA, Sigma R- 2625) is diluted in the dark into dimethyl
sulfoxide to prepare a 10 mM stock solution. Aliquot and store at -20C. Subsequent dilutions
of RA are performed in ethanol and used for one experiment only. After dilution into the culture
media, the concentration of ethanol never exceeds 0.1%. RA is light-sensitive.

Differentiation medium: This medium consists of growth medium supplemented with 0.5 mg/ml
insulin (Sigma 1-6634), 2 nM triiodothyronine (Sigma T-6397), 0.5 mM thiazolidinedione
BRL49653 (SmithKline Beecham Pharmaceuticals, this compound is not commercially
available) or 2 nM ciglitazone (Biomol, 034GR205) and 5 mg/ml antibiotics
(Penicillin/Streptomycin, Bio Media PEST0502012).

Insulin is prepared at 1mg/ml in cold HCI 0.01 N. Mix gently and sterilise by filtration. Aliquot (1
ml) and store at —20C. Thawed aliquots are stored at +4<).

Triiodothyronine is prepared at 2 mM in ethanol (stock solution). Store at —20C. 6)
Bacteriological grade 10 cm and 6 cm Petri dishes (Greiner 633185 and 628102).

Tissue culture 10 cm dishes (Corning, 664160).
Fix buffer: 0.20% glutaraldehyde (Sigma, G-5882) in PBS. Store at +4<C.

Oil-Red O solution. We prepare at stock solution at 0.5% Oil-Red O (Sigma, 0-0625) in
isopropanol. Rotate overnight. To prepare the working solution mix 6 volumes of stock solution
with 4 volumes H,O. Mix and filter. Store at room temperature.

Store solution: 70% glycerol in H,O (v/v).
TRI Reagent (Euromedex, TR-118).

For Northern-blot analysis, cDNA of a-FABP was obtained from B. Spiegelman (Dana-Farber
Cancer Institute, Boston, USA) and cDNA of myogenin was obtained from E.N. Olson
(Southwestern Medical Center, University of Texas, Dallas, USA).

® Contributed by Christian Dani, CNRS, Nice, France
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Pairs of primers used for PCR reactions and temperatures of annealing are the following:
for checking adipocyte-Fatty Acid Binding Protein:

5'GATGCCTTTGTGGGAACCTGG3' and 5TTCATCGAATTCCACGCCCAG3, annealing
temperature : 56C, size of the expected cDNA: 213 bp, size of genomic DNA-derived
contaminated band: 2400 bp.

For checking Hypoxanthine Phosphoribosyltransferase (HPRT, as a standard to balance the
amount of RNA and cDNA used): .

5'GCTGGTGAAAAGGACCTCT3 and  5'CACAGGACTAGAACACCTGCS, annealing
temperature: 60<C, size of the cDNA: 249 bp, size o f genomic DNA band: 1100 bp

METHOD

Generation of adipocytes

1.

10.

11.

12.

Adipocyte differentiation is initiated by aggregation of ES cells to form embryoid bodies (EBS).
The formation of EBs in mass culture by maintaining ES cells in suspension at a high density in
nontissue culture grade plastic is rapid and give rise to a high number of EBs formed. However
in our hands, this method leads subsequently to a low number of outgrowths containing
adipocyte colonies. We routinely used the hanging drop method for the formation of EBs.

Dilute ES cells to 5x10* cells/ml of growth medium without LIF and supplemented with
antibiotics.

Place aliquot of 20 ml of the suspension onto the lid of a 10 cm nontissue culture grade dish.
This is defined as day 0 of EB formation. We use a multipipettor with a sterile combitip
(Eppendorf) to form drops of 20 ml. Approximately 80 drops can be fitted on one lid.

Invert the lid and place it over the bottom of the plate filled with 8 ml PBS containing few drops
of FCS. It is essential to cover the bottom of the plate with liquid to prevent the evaporation of
the hanging drops. When the lid is inverted, each drop hangs, and the cells fall to the bottom of
the drop where they aggregate into a single clump.

Two days after EB formation, remove the lid, invert it and collect drops in a conical sterile tube.
Let it stand for 5 minutes at room temperature to allow the cell aggregates to sediment.

Aspirate the supernatant and resuspend the pellet in 4 ml of growth medium supplemented with
retinoic acid (RA). Owing to the high instability of RA, the concentration of RA, which is able to
commit ES cells into the adipogenic lineage at a high rate, should be determined for each new

preparation of RA (try from 10-8M to 10'6M).

Transfer the suspension into 6 cm nontissue culture dishes. Usually we pool two day-old EBs
from 4 lids of 10 cm Petri dishes into one 6 cm bacteriological grade Petri dish.

Cultivate EBs in suspension for 3 days in the presence of RA, change the medium every day.

Bacterial grade Petri dishes are used to prevent cell attachment to the substrate. However, 4-5
day-old EBs have a tendency to attach to the bottom of the plastic dish. EBs that are firmly
attached to the dish should be eliminated as these kind of EBs seems to have no adipogenic
capacity. Attachment of EBs on bacteriological Petri dishes is eliminated by coating the dish
with poly (2-hydroxyethylmethylacrylate). Coating is performing by covering the surface of the
dish with 1.2% of the polymer in ethanol. Leave 1-2 hours in a tissue culture hood to evaporate
ethanol. Rinse twice with PBS. Treated dishes can be stored for extended periods.

At day 5 after EB formation, change the medium without the addition of RA and plate 2-4 EBs

per cm?2 in gelatinised-tissue culture dishes to allow EBs to attach. EBs contained in one 6 cm
bacterial grade Petri dish are plated into one 10 cm tissue culture dish coated with gelatin. A
higher density of EBs can lead to a decrease in the number of EB containing adipocyte
colonies.

The day after plating, change the growth medium to differentiation medium. Change medium
every other day.

After 10-20 days in the differentiation medium, at least 60-80% of EB outgrowths should
contain adipocyte colonies.
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A wide variety of differentiated derivatives such as neurone-like cells, fibroblast-like cells and
unidentified cell types appear over this period. Spontaneously beating cardiomyocytes should
appear 1-5 days after plating the control culture (untreated with RA). At least 40% of EBs should
contain beating cardiomyocytes. In contrast, few EBs should contain beating cells from RA-treated
cultures. It is important to note that the treatment of EBs with RA is a prerequisite for adipogenesis.
RA cannot be substituted by insulin, triiodothyronine, dexamethasone, bFGF, BMP-2 or potent
activators of PPARs known to be important for terminal differentiation. The addition of a
PPARg activator, such as thiazolidinedione BRL49653 or ciglitazone, in the differentiation
medium dramatically stimulates the terminal differentiation of RA-treated EBs into adipocytes.

Assessment of ES cell differentiation into adipocyt es

1. Adipose cells with lipid droplets are easily visualised microscopically, especially under bright
field illumination.

2. As nonadipose cells containing structures resembling droplets are often detectable in untreated
and RA-treated cultures, it is essential to identify droplet-like structure as triglyceride droplets.

3. Staining of cultures with Oil-Red O, a specific stain for triglycerides, and counting the
percentage of EB outgrowths containing adipocyte colonies give a good indication of adipocyte
differentiation.

4. Aspirate medium and wash cells once with PBS. Fix cells for 15 min. at room temperature.
Wash twice with PBS and stain with Oil-Red O solution for 15 min at room temperature.

5. Wash twice with H,O and cover cells with a film of storage solution.

ES cell differentiation into adipocytes can be monitored by the detection of a specific mMRNA marker

such as a-FABP (adipocyte-Fatty Acid Binding Protein, also named ALBP or aP2) with which

method (RT-PCR). Detection in early differentiated outgrowths requires a more sensitive method

such as RT-PCR (more,comparing to whom?). Total RNA is prepared with TRI Reagent according

to manufacturer instructions. We routinely get 100-200 ng RNA from one 10 cm tissue culture dish
containing 20 day-old EB outgrowths.

Table 1: Detailed information of culture condition

ES culture Wash EB culture Cryo-conservation

Medium GMEM GMEM IMDM -

LIF 100 units/ml - - -

0.1 M b- 50 uM - 100 UM (final in -

mercaptoethanol supplemented IMDM)

L'g|Utamine 2mM - 2mM (final in supplemented | ~
IMDM)

MEM - - 1x concent. (inalin -
supplemented IMDM)

FBS 10 % 5% 20 % 90 %

DMSO - - - 10 %
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Table 2: Preparation of culturing medium

FunGenES LSHG-CT-2003-503494

04 March 2008

ES culture Wash EB culture Cryo-conservation
Medium 8.9 ml GMEM | 47.5 ml GMEM | 39.2 ml -
IMDM

LIF (10° units/ml) 1ul - - -

0.1 M b- 5ul - 40 pl -
mercaptoethanol

L-glutamine 100 ul - 400 pl -

MEM - - 400 pl -

FBS 1ml 2.5 ml 10 ml 9ml

DMSO - - - 1mi

(Note: The final concentration of L-glutamine and b-mercaptoethanol varies in ES and EB culture

medium.)
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3.1.4 Endoderm

3.1.4.1 General methods®

MATERIAL

GMEM (glasgow minimal essential media)
TVP (trypsin)
PBS (phosphate buffered saline)

LIF

0.1% gelatin

METHOD

Passing cells

Warm up media, TVP, PBS and 0.1% gelatin in the water bath (37<C) prior to starting cell culture
and add 5ml 0.1% gelatin into a small tissue culture flask.

1.

2.
3.
4

Aspirate media from cells and add 5ml PBS to wash the cell monolayer.
Aspirate the PBS and then add 2ml TVP to the flask.
Put the flask into the incubator at 37<C for a ¢ ouple of min.

Tap the flask to dissociate the cells and then remove the cell suspension using a plugged
pasteur and put in a 15ml tube, add 8ml of GMEM to the tube making the total volume up to
10mls.

Centrifuge the cells at 1000rpm for 5 min. Aspirate the media/TVP from the cells and
resuspend them in 10ml of fresh GMEM. Take an aliquot of the cell suspension in a plugged
pasteur and put onto the haemocytometer. Count the cells. Normally add 1x10° to1.5x10 per
flask.

Aspirate the gelatin from the flask and then add the appropriate number of cells (1x10°%). Make
the volume in the flask up to 10ml with GMEM. Add 10m LIF to the flask (1/1000 dilution). Pop
the cells back into the incubator not forgetting to loosen the lid.

Cells passaged at 1x10° can usually be passaged 2 days later when the cells are confluent.

Thawing cells

1.

a bk wnDn

Thaw cells out quickly by placing in the water-bath at 37<C.

Using a plugged pasteur, pipete into a final volume of 10 ml. warmed medium.

Spin down at 1200rpm. for 3 min.

Remove supernatant, resuspend in 10ml. of medium.

Put into a 25cm. flask add 10pl. LIF. Leave to settle and change medium after a few hours.

Freezing cells

1.
2.
3.

Trypsinise the cells as normal, but resuspend in a 1 in 10 dilution of DMSO in GMEM media.
Store in cryovials (2 cryovials for 25cm. flask).
Keep the cryvials overnight at —80%C, then after wards store them in liquid nitrogen tank.

® Contributed by Lesley Forrester, University of Edinburgh, UK
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3.1.4.2 Pancreatic and hepatic differentiation’

MATERIAL

Cultivation medium I: Dulbecco’s modification of Eagle’'s medium (DMEM, 4.5 g/l glucose,
Invitrogen) supplemented with 15% heat-inactivated fetal calf serum (FCS; selected batches)
and additives | for cultivation of MEF feeder layer cells.

Cultivation medium II: DMEM supplemented with 15% heat-inactivated FCS, LIF and additives |
for ES cell cultivation.

Differentiation medium I: IMDM supplemented with 20% heat-inactivated FCS and additives Il
for EB formation.

Differentiation medium I[I: DMEM/F12 (Invitrogen) supplemented with additives 1l for EB
differentiation into neuronal cells.

Differentiation medium Illl: DMEM/F12 supplemented with additives 1V, and daily addition of 10
ng/ml bFGF and 20 ng/ml EGF for differentiation of neuronal cells.

Differentiation medium 1V: “Neurobasal” medium supplemented with 2% B27 (both Invitrogen)
and 10% FCS for differentiation into neurons.

Differentiation medium V: DMEM/F12 supplemented with additives IV, 2% B27, 10 mM
nicotinamide for differentiation into pancreatic cells.

Differentiation medium VI: Hepatocyte Culture Medium (HCM) composed of 500 ml Hepatocyte
Basal Medium (Modified Williams ‘E), 0.5 ml ascorbic acid, 10 ml BSA-FAF (fatty acid free), 0.5
ml hydrocortisone, 0.5 ml transferrin, 0.5 ml insulin, 0.5 ml human epithelial growth factor
(EGF) and 0.5 ml gentamycin-amphothericin (GA-1000; all from Clonetics, Bio-Whittaker,
Verviers, Belgium) supplemented with 10% FCS and 5 ml penicillin/streptomycin stock (100x),
prepared immediately before use.

METHOD

Preparation of EBs

1.

2.

3.

4,

Prepare a single cell suspension containing a defined ES cell number of 200, 400 or 600 cells
in 20 pl of differentiation medium 1.

Place 20 pl drops (n = 50-60) of the ES cell suspension on the lids of 100 mm bacteriological
petri dishes containing 10 ml PBS.

Cultivate the ES cells in hanging drops for 2 d. The cells will aggregate and form one EB per
drop.

Rinse the aggregates carefully from the lids with 2 ml of medium, transfer into a 60 mm
bacteriological petri dish with 5 ml of differentiation medium | and continue cultivation in
suspension for 2-3 d until the time of plating.

Pancreatic and Hepatic Cell Differentiation

During pancreatic and hepatic differentiation, the cells show significant morphological changes.
After induction of pancreatic differentiation, bipolar progenitor cells form islet-like cell clusters; after
hepatic differentiation, bi-nucleated large cuboidal, epithelial-like cells similar to primary
hepatocytes develop.

1
2.
3.

4,

Pancreatic and hepatic cell types are differentiated using 600 ES cells for preparation of EBs.
Culture EBs in differentiation medium I.

Plate 20-30 EBs onto gelatin-coated 60 mm tissue culture dishes at day 5 in differentiation
medium |.

Replenish the medium every two days.

" Contributed by Anna Wobus, IPK Gatersleben, Germany
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5. At day 5+9, dissociate the EBs by incubation with trypsin (0.1%): EDTA (0.08%) 1:1 solution
for 1 min, collect the cells by centrifugation (maximal 1000 rpm, 5 min), and replate onto poly-
L-ornithine/laminin (pancreatic)- and collagen | (hepatic)- coated tissue culture dishes into
differentiation medium V (pancreatic cells) and differentiation medium VI (hepatic cells),
respectively.

Change the medium every two days.

Analyse cultures for 7-19 d (pancreatic cells) and 10-30 d (hepatic cells), respectively, after re-
plating by RT-PCR, immunofluorescence and ELISA.

No
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3.2 Characterization of differentiated phenotypes®

3.2.1 RT-PCR Analysis

Use gloves and filter tips throughout the whole procedure!

MATERIAL

DEPC is a suspected carcinogen and should be handled with care.

If possible, the solutions should be treated with 0.1% DEPC at 37°C for 1 h and then heated to
100°C for 15 min or autoclaved for 15 min. DEPC reacts rapidly with amines and cannot be used to
treat solutions containing buffers, such as Tris.

Diethyl pyrocarbonate-treated water (DEPC-H,0): Add 1 ml DEPC (Invitrogen) to 1 L Milli-Q
water and stir overnight. DEPC is inactivated by heating to 100°C for 15 min, or autoclaving for
15 min.

RNA lysis buffer: Add 23.6 g of guanidinium thiocyanate to 5 ml of 250 mM Na-citrate, pH 7.0,
2.5 ml of 10% Sarcosyl, and add DEPC-H,O to a total volume of 49.5 ml and mix carefully.
Make fresh at monthly intervals. Add 1% b-ME before use.

2 M Na-acetate, pH 4.0: Dissolve 27.2 g of Na-acetate ,0 in 0.1% DEPC-H,0, adjust the
pH to 4.0 with glacial acetic acid, and adjust to 100 ml with DEPC-H,O. Treat the buffer with
0.1% DEPC-H,0 at 37<C for at least 1 h and heat to 100 or aut oclave for 15 min.

Acidic phenol: Phenol is saturated with DEPC-H,0 instead of Tris. The saturated acidic phenol
contains 0.1% hydroxyquinoline (antioxidant, partial inhibitor of RNase, and a weak chelator of
metal ions; its yellow color provides a convenient way to identify the organic phase). Store at
4<C for up to 2 months.

Chloroform: Isoamylalcohol (24:1).

75% Ethanol: Prepare in DEPC-H,0.

25 mM MgCl, (MBI Fermentas, St. Leon-Rot, Germany).

5x Reaction buffer for reverse transcription (MBI Fermentas): 250 mM Tris-HCI, pH 8.3, 250
mM KCI, 20 mM MgCl,, 50 mM Dithiothreitol (DTT)

10x PCR buffer without MgCl, (MBI Fermentas): 750 mM Tris-HCI, pH 8.8, 200 mM (NH,4),SO,,
0.1% Tween 20.

RNase inhibitor (MBI Fermentas): 40 U/ul.

Oligo d(T).s (MBI Fermentas): 50 uM in 10 mM Tris-HCI, pH 8.3.

RevertAis™ M-MuLV reverse transcriptase (MBI Fermentas): 200 U/.

Recombinant Tag DNA Polymerase (MBI Fermentas): 5 U/pl.

10 mM dNTP mix: dNTP (dGTP, dATP, dCTP, dTTP; MBI Fermentas) dilute to 100 mM with
DEPC-H,0 and freeze at -20°C. 10 mM dNTP mix is freshly made by mixing the equal volumes
of 100 mM of each dNTP before use.

Select PCR primer pairs: Dilute synthetic oligonucleotides to 10 mM with DEPC-H,O and
freeze at -20°C.

Glycogen: 20 mg/ml (MBI Fermentas).

5 M NaCl: Dissolve 29.2 g of NaCl in Milli-Q water; adjust to 100 ml with water and autoclave.
TE buffer: 10 mM Tris-HCI, 1 mM EDTA, pH 7.5, filter-sterilized through a 0.22 um filter.

10x Loening solution: 1.8 M Tris-HCI, pH 7.7, 1.5 M NaH,PO, H,0, 50 mM EDTA and
autoclave.

6x Loading buffer: 10 ml 10x Loening solution, 30 ml glycerine, 10 ml 10% sodium dodecyl
sulfate (SDS), 20 ml 10% N-lauroyl-sarcosine, 100 mg bromcresol green (Sigma) and 30 ml of
Milli-Q water.

8 Contributed by Anna Wobus, IPK Gatersleben, Germany
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5x TBE: Dissolve 54 g Tris-base and 27.5 g boric acid in Milli-Q water, add 20 ml of 0.5 M
EDTA, pH 8.0, and adjust to 1 L with Milli-Q water.

Ethidium bromide aqueous solution (Serva): 1% w/v = 10 mg/ml. Agarose gels: Melt
electrophoresis grade agarose (Invitrogen) in 1x TBE by gentle boiling in a microwave oven.
Cool to about 60°C and pour into an agarose gel mold. Run small gels at around 80 - 100 V by
using bromcresol green in the stop mix as an indicator of migration. Caution: Ethidium bromide
is carcinogenic. Use nitrile gloves and dispose all contaminated tips, agarose gels and buffers
separately.

METHOD

Preparation of Cell Samples

Do not leave RNA lysis buffer in culture dishes longer than 5 min, because polystyrene is not

resistant to lysis buffer. )

mRNA isolation from small samples of cells can be performed using the Dynabeads® mRNA

DIRECT™ Micro kit (Dynal Biotech, Oslo, Norway).

The transcripts of genes, which are specifically expressed during ES cell differentiation, are

analyzed by RT-PCR with primers for tissue-specific genes (Tab. 3). The following steps are used

to harvest differentiated cells:

1. Discard the medium and wash twice with PBS.

2. Add 400 pl of RNA lysis buffer per 60 mm culture dish. Allow the lysis buffer to spread across
the surface of the dish and transfer the lysate into a 1.5 ml microtube.

3. Store samples at -20°C or -80°C.

Reverse Transcription (RT) Reactions

All reverse transcription and PCR solutions are available from commercial suppliers in ready-to-use
form. Reverse transcription reactions are performed in 20 pl reaction volumes using 0.5 ml
microcentrifuge tubes.

For RT-PCR, rTth DNA polymerase can also be used as both reverse transcriptase and DNA
polymerase’. In this case, the components of both RT- and PCR-Mastermix are different from when
using MuLV reverse transcriptase and Tagq DNA polymerase.

1. Label one PCR reaction tube for each sample and appropriate controls. Add the same amount
of RNA (0.5-1.0 pg in 3 pl) to each tube.

2. Prepare the following RT-Mastermix for 25 reactions (or a smaller quantity as required)
containing: 261.25 pl of DEPC-H,0, 100 pl of 5x Reaction buffer, 20 pl of 10 mM dNTPs mix,
12.5 pl of RNase inhibitor, 25 pl of Oligo d(T),;s and 6.25 pl of RevertAis™ M-MuLV reverse
transcriptase to a total volume of 425 pl.

3.  Add 17 m of RT-Mastermix to each tube, mix carefully and centrifuge briefly.

4. Transfer tubes to the Thermal Cycler and perform reverse transcription reactions for 1 h at
42°C and then heat to 99°C for 5 min.

5. Cool the samples to 4°C or store at -20°C until use.

Post-PCR Treatment of Samples

1. Transfer the PCR products to 1.5 ml microtubes.

2. Add 2.5 pl of a 1:4 mixture of Glycogen: 5 M NaCl and 150 pul of ice-cold ethanol to each tube.
3. Incubate at -20°C for at least 1 h and centrifuge at 16000g for 15 min.

4. Dissolve the pellet in 25 pl of TE buffer, add 5 pl of 6x loading buffer and store at 4°C.

o Myers, T. W. and Gelfand, D. H. (1991) Biochemistry 30, 7661-7666.
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Electrophoresis

1. Separate one third of each PCR reaction (10 pl) by electrophoresis on a 2% agarose gel in 1x
TBE containing 0.35 pg/ml of ethidium bromide at 5-10 V/cm for 70-100 min.
2. llluminate the gel by UV light and obtain a digital image.

3.2.2 Immunofluorescence analysis

The formation of tissue-restricted proteins in the EB outgrowths is analysed by
immunofluorescence with a normally equipped fluorescence microscope or with a confocal laser
scanning microscope (Confocal laser scanning microscope (CLSM) analysis can be used to study
EBs or EB outgrowths. For immunofluorescence analysis of EBs, the CLSM is used, because the
three-dimensional EBs require an extended depth of focus. Some EBs are up to 400 pm in
diameter. EBs are scanned in thin sections (0.5 to 10 um) using the appropriate filter combinations
depending on the fluorescent dyes used.)

For characterization of ES-derived cardiac, neuronal, pancreatic and hepatic phenotypes, suitable
primary antibodies are summarized in Table 4 below.

MATERIAL

3.7% Paraformaldehyde (PFA; e.g., Fluka): Dissolve 3.7 g PFA in PBS and adjust to 100 ml
with PBS, heat the mixture to 95°C, stir until the solution becomes clear, and cool to room
temperature. Caution: PFA is toxic. Work under the hood and use gloves.

Methanol: acetone (7:3) fixative.

10% goat serum (Invitrogen) or 1% BSA in PBS for blocking nonspecific binding of antibodies.
Hoechst 33342 (5 ug/mlin PBS)

Mounting medium: Vectashield (Linaris, Wertheim, Germany).

0.5% BSA in PBS for dilution of secondary antibodies.

METHOD

1. Rinse cover slips containing EB outgrowths twice with PBS.

2. Fix the cells onto cover slips with methanol: acetone (7:3) at -20C for 10 min, or alternatively,
with 3.7% paraformaldehyde in PBS at room temperature for 10 min (depending on the
antibody used).

3. Rinse the cover slips twice with PBS at room temperature for 5 min.

4. Incubate the cells on cover slips with 10% goat serum or 1% BSA in PBS in a humidified
chamber at room temperature for 30 min to prevent nonspecific immunostaining.

Nonspecific binding of primary and especially secondary antibodies to the cells should be
blocked by incubation with serum proteins of animal species, which were not used for the
generation of the primary antibody. Specificity of immunostaining could be demonstrated by the
absence of signals after incubation with PBS or with control antibodies instead of the specific
primary antibody.

5. Incubate the cover slips with the primary antibody at 37<C for 60 min, or at 4C overnight (final

concentration according to manufacturers’ instructions).

Rinse the cover slips with PBS three times at room temperature for 5 min.

Incubate the cover slips with fluorescently-labelled specific secondary antibody (depending on

the primary antibody) diluted in PBS with 0.5% BSA in a humidified chamber at 37<C for 45-60

min.

8. Incubate the cover slips with 5 pg/ml Hoechst 33342 in PBS for 10 min at room temperature to
label the cell nuclei.

9. Rinse the cover slips twice with PBS at room temperature for 5 min.

10. Rinse the cover slips quickly with distilled water at room temperature.

11. Embed the cover slips in mounting medium and analyse the immunolabeled cells with a
conventional fluorescence or confocal laser scanning microscope.

No
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3.2.3 ELISA

MATERIAL

Krebs' Ringer Bicarbonate HEPES (KRBH) buffer for sample preparation for insulin ELISA:
containing 118 mM sodium chloride, 4.7 mM potassium chloride, 1.1 mM potassium dihydrogen
phosphate, 25 mM sodium hydrogen carbonate (all from Roth, Karlsruhe, Germany), 3.4 mM
calcium chloride (Sigma), 2.5 mM magnesium sulphate (Merck Biosciences, Schwalbach,
Germany), 10 mM HEPES (Sigma) and 2 mg/ml BSA

For insulin ELISA, prepare solutions of 2.5, 5.5, 27.7 mM glucose and 5.5 mM glucose with 10
MM tolbutamide dissolved in KRBH buffer (all from Sigma).

Acid ethanol: 1 M hydrochloric acid : absolute ethanol (1:9).

Insulin ELISA (Mercodia, Uppsala, Sweden).

Albumin ELISA (Bethyl Laboratories, Montgomery, Tx, USA).

Bradford assay (Bio-Rad Laboratories, Munich, Germany).

METHOD

Insulin ELISA

The analysis of differentiated pancreatic endocrine cells should include the determination of insulin
production as a functional assay. The intracellular insulin content can be measured by the
commercially-available insulin ELISA. Bearing in mind recent publications showing the uptake of
insulin from culture medium'®, additionally glucose responsiveness should be tested. For this
purpose, insulin release in the presence of low (5.5 mM, control) and high (27.7 mM) glucose
concentration is determined. Tolbutamide (10 pM), a sulfonylurea known to stimulate insulin
secretion together with 5.5 mM glucose is used alternatively for the measurement of insulin release
after induction. However, failure of the glucose response may be dependent on insufficient
maturation during differentiation. Such effects were described during pancreatic differentiation of
mMES cells, where insulin was secreted in response to glucose at an advanced stage of 32 d of
differentiation, but not at day 28,
1. Wash the cells with PBS (5x) and pre-incubate in freshly prepared KRBH buffer with 2.5 mM
glucose for 90 min at 37<C.
2.  For a control, replace the KRBH buffer with 2.5 mM glucose by KRBH buffer with 5.5 mM
glucose. For induction of insulin release, replace KRBH buffer with 2.5 mM glucose by KRBH
buffer containing 27.7 mM glucose, or KRBH buffer containing 5.5 mM glucose and 10 uM

tolbutamide.

3. Collect the supernatant for immediate determination of insulin release or store the supernatant
at —20<C.

4. Dissociate the cells by treatment with 0.2% trypsin : 0.02% EDTA 1:1 solution for 3 min and
centrifuge.

5. Extract the proteins from the cells with acid ethanol overnight at 4C, followed by cell
sonication. Store samples at —20C for determination of total cellular insulin and protein
content.

6. Perform ELISA according to the manufacturer's recommendations.

7. Determine total protein content with a protein Bradford assay according to the manufacturer's
recommendations.

Albumin ELISA

1. Wash the cells with PBS (5x) and incubate in differentiation medium VI in the absence of BSA
and FCS at 37<C for 24 h.

10 Rajagopal, J., et al (2003) Science 299, 363
1 Blyszczuk, P., et al (2003) Proc. Natl. Acad. Sci. U. S. A 100, 998-1003.
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2. Collect the supernatant for immediate measurement of albumin release or store the
supernatant at —20<C.

3. Dissociate the cells by treatment with 0.2% trypsin: 0.02% EDTA 1:1 solution for 3 min,
centrifuge and add PBS for the determination of total cell number.

4. Perform the Albumin ELISA according to the manufacturer's recommendations.

Table 3: Primers Used for RT-PCR

Annealing Product

Genes Primer sequences (Forward/Reverse) temperature size

CARDIAC GENES

5-CGACGGAAGCCACGCGTGCT
Nkx 2.5 , 60T 181 bp
5 -CCGCTGTCGCTTGCACTTG

cordinc anc |5 -CTGCTGGAGAGGTTATTCCTCG cc st b
ardiac a- 5 -GGAAGAGTGAGCGGCGCATCAAGG P

cordine bic |5 TGCAAAGGCTCCAGGTCTGAGGGE osc 205 b
ardiac b- 5 -GCCAACACCAACCTGTCCAAGTTC P

ANF 5-TGATAGATGAAGGCAGGAAGCCGC 64C 203 b
5-AGGATTGGAGCCCAGAGTGGACTAGG P

5-TGTGGGTCACCTGAGGCTGTGGTTCAG
MLC-2V . 60T 504 bp
5 -GAAGGCTGACTATGTCCGGGAGATGC

NEURAL GENES

. 5'-CTACCAGGAGCGCGTGGC
Nestin N 60°C 220 bp
5-TCCACAGCCAGCTGGAACTT

en-1 5-TGGTCAAGACTGACTCACAGCA-3’ 61C
5-TCTCGTCTTTGTCCTGAACCGT-3

5-TATTGTGACTGAGGGCTGTCGG

NFM R 60C 297 bp
5 -GAGGCACTAAGGAGTCCCTG
Tyrosine 5 -TGTCAGAGCAGCCCGAGGTC 64T 4121
hydroxylase (TH) | 5-CCAAGAGCAGCCCATCAAAG P
. 5 -TACCGAGAGAACAACAAAGGGC 60C
Synaptophysin . 287 bp
5-GCCTGTCTCCTTGAACACGAAC
5 -TCGGAGTTGAAAGTTACAGG 50C
GFAP 234 bp

5-AGGATGGTTGTGGATTCTTC

PANCREATIC GENES

5-TTCGGCTATGACATCGGTGTG
Glut-2 60°C 556 bp
5-AGCTGAGGCCAGCAATCTGAC

5-TGATATTGCTGCCTCGGACC
IAPP 65°C 233 bp
5-GGAGGACTGGACCAAGGTTG

i 5.GTGGATGCGCTTCCTGCCCCTG saoc .
5-ATGCTGGTGCAGCACTGA P

5-GTTTGTACGGGATCAAATGC
Isl-1 60°C 514 bp
5-ATGCTGCGTTTCTTGTCCTT

Ngn3 5-TGGCGCCTCATCCCTTGGATG 60°C 157 bp
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Genes Primer sequences (Forward/Reverse) Annealing Pro_duct
temperature size

5-AGTCACCCACTTCTGCTTCG

5-ACCAGAGCTTGCACTGGACT
Pax4 60°C 300 bp
5-CCCATTTCAGCTTCTCTTGC

s 5. TCACAGCGGAGTGAATCAG I
5-CCCAAGCAAAGATGGAAG P

5-CTTTCCCGTGGATGAAATCC
Pdx1 60°C 230 bp
5-GTCAAGTTCAACATCACTGCC

HEPATIC GENES

. 5-GTCTTAGTGAGGTGGAGCAT
Albumin 58°C 569 bp

5-ACTACAGCACTTGGTAACAT

Alpha-1- 5-CAATGGCTCTTTGCTCAACA
; ; 63°C 518 bp

antitrypsin 5-AGTGGACCTGGGCTAACCTT

. |5-CACTGCTGCAACTCTTCGTA
Alpha-fetoprotein 58°C 301 bp

5-CTTTGGACCCTCTTCTGTGA

onbs 5. GATGATGTTGGCTGTGATGC o L3
yp 5-CTGGCCACCATGAAAGAGTT P

Crab13 5-CTGCATCAGTGTATGGCATTTT - 66 b
yp 5 TTTGCTGGAACTGAGACTACCA P

HNE3 b 5-GCGGGTGCGGCCAGTAG 63°C 378 b
5-GCTGTGGTGATGTTGCTGCTCG :

, 5'-CTCACCACAGATGAGAAG
Transthyretin 55°C 225 bp
5-GGCTGAGTCTCTCAATTC

Tyrosine 5-ACCTTCAATCCCATCCGA

i ° 206 b
Zm'”Otra”Sferas 5-TCCCGACTGGATAGGTAG >0°C P

HOUSEKEEPING GENE

5-TCACTGTGCCTGAACTTACC

b-tubulin 5-GGAACATAGCCGTAAACTGC

60°C 317 bp
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I-Specific Proteins by Immuno-

Antigen Antibody Working dilution Source

Cardiac muscle markers

TITIN 1:100 First D™

a-Actinin 1:20 Furst D™

Myomesin MyBB78 1:2 Oberman W**

Sarcomeric MHC undiluted Developmental
Studies  Hybridoma
Bank, lowa, USA

a- Sarcomeric actin 1:500 Sigma

a-cardiac MHC 1:500 Rudnicki M™

Neural markers

Nestin Rat 401 1:3 Developmental
Studies  Hybridoma
Bank

b 11I-Tubulin clone TU-20 1:200 Chemicon

Synaptophysin 1:150 Merck Biosciences

Tyrosine hydroxylase (TH) 1:150 Merck Biosciences

GABA 1:100 Sigma

Serotonin 1:100 Sigma

Glial fibrillary acidic protein | clone G-A-5 1:20

(GFAP)

Common pancreatic and

hepatic markers

Cytokeratin 18 clone KS-B17.2 1:100 Sigma

Cytokeratin 19 clone LAS86 1:100 Chemicon

Pancreatic markers

Carbonic anhydrase I 1:200 Abcam,
Cambridgeshire, UK

C-peptide 1:100 Linco, St. Charles,
USA

Insulin hybridoma K36 1:40 Sigma

aCi10

Isl-1 1:200 Abcam

Hepatic markers

Albumin 1:100 Serotec, Dusseldorf,
USA

a-1-antitrypsin 1:100 Sigma

a-fetoprotein 1:100 Santa Cruz, CA, USA

Amylase 1:100 Santa Cruz

Cytokeratin 14 clone CKB1 1:100 Sigma

Dipeptidyl peptidase IV 1:100 Santa Cruz

2 Furst, D. et al (1988) J. Cell Biol. 106, 1563-1572.
'3 Frst, D. et al (1988) J. Cell Biol. 106, 1563-1572.
* Obermann, W. et al (1996) J. Cell Biol. 134, 1441-1453.

'* Rudnicki, M. et al (1990) Dev. Biol. 138, 348-358.
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3.3 RNA isolation method*®

Important! The quality of the RNA is the single most important determinant of success of a
GeneChip analysis assay. Particularly, differential degradation of RNA can lead to erroneous
conclusions about both the relative and absolute mRNA levels in the specimens. Although either
MRNA or total RNA can be used as starting material, we prefer total RNA for two reasons: (1)
isolating total RNA is easier and more economical than isolating mRNA, and (2) there is loss of
starting material during mRNA purification and consequently, more mRNA is required to achieve
sensitivity similar to that of the total RNA. In addition there may be also differential loss of individual
MRNAs.

We recommend TRIzol reagent for isolation of total RNA from tissue specimens as well as cultured
and blood cells. Total RNA isolated using TRIzol should be further purified using the Qiagen
RNeasy cleanup procedure.

For mammalian cells we recommend to use the RNeasy mini kit (Qiagen) (protocol — according
manufacture’s instructions)

Protocols are provided for preparing labelled cRNA from either total RNA or purified poly(A)+
MRNA. We have found that results obtained from samples prepared by both of these methods are
similar but not identical. Therefore, to get the best results we suggest only comparing samples
prepared using the same sample preparation protocol!

Please review precautions for working with RNA.

Since the most appropriate protocol for the isolation of RNA can be source-dependent, we
recommend using a protocol that has been established for the tissues or cells that are being used.
In the absence of an established protocol, we suggest using one of the commercially available kits
designed for RNA isolation.

When using a commercial kit, follow the manufacturer's instructions for RNA isolation.

3.3.1 Isolation of RNA from tissues

Total RNA

We have successfully isolated good quality total RNA from mammalian cells (such as cultured cells
and lymphocytes) using QIAGEN's RNeasy Total RNA Isolation Kit.

If mammalian tissue is used as the source of RNA, we recommend isolating total RNA with a
commercial reagent such as TRIzol (see manufacturer’s instructions).

Important! If going directly from TRIzol isolated total RNA to cDNA synthesis it is beneficial to
perform a second cleanup on the total RNA before starting (RNeasy mini kit). After the ethanol
precipitation step in the TRIzol extraction procedure, perform a Dnase treatment and a cleanup
using Qiagen RNeasy Total RNA isolation kit. Much better yields of labelled cRNA are obtained
from the in vitro transcription-labelling reaction when this second cleanup is performed.

DNase treatment of total RNA

Adjust RNA concentration to 100 pg/200 pl (0.5 pg/ul).
Add 2 U DNase (Ambion cat 2222)

Incubate 15 min at 37<C.

For clean up - use RNeasy mini kit (Qiagen) — see below.

RNeasy Mini Protocol for RNA Cleanup

A maximum of 100 ug RNA can be used in the RNA cleanup protocol. This amount corresponds to
the binding capacity of the RNeasy mini columns.

18 contributed by Norbert Hubner, Max-Delbriick-Center, Berlin, Germany
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1. Adjust sample to a volume of 100 (or 200 pl respectively) with RNase-free water. Add 350 pl
(or 700 pl respectively) Buffer RLT, and mix thoroughly. Note: Ensure that b-ME is added to
Buffer RLT before use!

2. Add 250 pl ethanol (96-100%) to the diluted RNA, and mix thoroughly by pipetting. Do not
centrifuge. Continue immediately with step 3.

3. Apply the sample (700 upl) to an RNeasy mini column placed in a 2 ml collection tube
(supplied). Close the tube gently, and centrifuge for 15 s at 8000 x g (10,000 rpm). Discard the
flow-through and collection tube.

4. Transfer the RNeasy column into a new 2 ml collection tube (supplied). Pipet 500 pl Buffer
RPE onto the RNeasy column. Close the tube gently, and centrifuge for 15 s at 8000 x g
(10,000 rpm) to wash the column. Discard the flow-through. Reuse the collection tube in step 5.
Note: Buffer RPE is supplied as a concentrate. Ensure that ethanol is added to Buffer RPE
before use (see "Important notes before starting").

5. Add another 500 pl Buffer RPE to the RNeasy column. Close the tube gently, and centrifuge for
2 min at 8000 x g (10,000 rpm) to dry the RNeasy silica-gel membrane. Continue directly with
step 6, or, to eliminate any chance of possible Buffer RPE carryover, continue first with step
5a.lt is important to dry the RNeasy silica-gel membrane since residual ethanol may interfere
with downstream reactions. This centrifugation ensures that no ethanol is carried over during
elution. Note: Following the centrifugation, remove the RNeasy mini column from the collection
tube carefully so the column does not contact the flow-through as this will result in carryover of
ethanol.

Optional: Place the RNeasy column in a new 2 ml collection tube (not supplied), and discard
the old collection tube with the flow-through. Centrifuge in a microcentrifuge at full speed for 1
min.

6. To elute, transfer the RNeasy column to a new 1.5 ml collection tube (supplied). Pipet 30-50 pl
RNase-free water directly onto the RNeasy silica-gel membrane. Close the tube gently, and
centrifuge for 1 min at 8000 x g (10,000 rpm) to elute.

7. If the expected RNA vyield is >30 g, repeat the elution step (step 6) as described with a second
volume of RNase-free water. Elute into the same collection tube. To obtain a higher total RNA
concentration, this second elution step may be performed by using the first eluate (from step 6.
The yield will be 15-30% less than the yield obtained using a second volume of RNase-free
water, but the final concentration will be higher.

3.3.2 RNeasy mini protocols for isolation of total RNA from animal
cells

Determining the correct amount of starting material

It is essential to use the correct number of cells in order to obtain optimal RNA yield and purity with
RNeasy columns. A minimum of 100 cells can generally be processed with RNeasy mini columns.
The maximum number of cells that can be used depends on the specific RNA content of the cell
line used, which varies greatly between cell types. Two main criteria limit the maximum number of
cells to use:

The binding capacity of the RNeasy mini column (100 pg RNA)

The volume of Buffer RLT required for efficient lysis. The maximum volume of Buffer RLT that can
be used in the RNeasy procedure limits the amount of starting material to an absolute maximum of
1 x 10’ cells.

The following examples illustrate how to determine the correct maximum amount of starting
material:

COS cells: High RNA content (approximately 35 pg RNA per 10° cells)

No more than 3 x 10° cells can be used. Otherwise the binding capacity of the RNeasy mini column
will be exceeded

Hela cells: Average RNA content (approximately 15 pg RNA per 10° cells)
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No more than 7 x 10° cells can be used. Otherwise the binding capacity of the RNeasy mini column
will be exceeded.

NIH/3T3 cells: Low RNA content (approximately 10 pg RNA per 10° cells)

The maximum number of cells (1 x 10") that can be processed with the RNeasy mini column can be
used.

If you have no information about the RNA content of your starting material, we recommend starting
with no more than 3-4 x 10° cells. Depending on yield and purity, it may be possible to increase the
cell number in subsequent preparations.

Do not overload the column. Overloading will significantly reduce yield and purity.
RNeasy Mini Protocol for Isolation of Total RNAfro ~ m Animal Cells (Spin Protocol)
Remarks:

Cell pellets can be stored at-70C for later use or used directly in the procedure. Determine the
number of cells before freezing. Frozen cell pellets should be thawed slightly so that cell pellets can
be dislodged by flicking in step 2. Homogenized cell lysates (in Buffer RLT, step 3) can be stored
at-70 C for several months. To process frozen lysates, thaw samples for 15-20 min at 37C in a
water bath to dissolve salts. If any insoluble material is visible, centrifuge for 5 min at 3000-5000 x
g. Transfer supernatant to a new RNase-free glass or polypropylene tube, and continue with step 4.

b-Mercaptoethanol (b-ME) must be added to Buffer RLT before use. ( -ME is toxic; dispense in a
fume hood and wear appropriate protective clothing. Add 10 pul (b-ME per 1 ml Buffer RLT. Buffer
RLT is stable for 1 month after addition of b-ME.

Buffer RPE is supplied as a concentrate. Before using for the first time, add 4 volumes of ethanol
(96-100%), as indicated on the bottle, to obtain a working solution.

Generally, DNase digestion is not required since the RNeasy silica-membrane technology
efficiently removes most of the DNA without DNase treatment. However, further DNA removal may
be necessary for certain RNA applications that are sensitive to very small amounts of DNA (e.qg.,
TagMan RT-PCR analysis with a low-abundant target). In these cases, the small residual amounts
of DNA remaining can be removed using the RNase-Free DNase Set (cat. no. 79254) for the
optional on-column DNase digestion (see page 99) or by a DNase digestion after RNA isolation.
For on-column DNase digestion with the RNase-Free DNase Set, prepare the DNase | stock
solution as described on page 99 before beginning the procedure.

Buffer RLT may form a precipitate upon storage. If necessary, redissolve by warming, and then
place at room temperature.

Buffer RLT and Buffer RW 1 contain a guanidine salt and are therefore not compatible with
disinfecting reagents containing bleach. Guanidine is an irritant. Take appropriate safety measures
and wear gloves when handling.

All steps of the RNeasy protocol should be performed at room temperature. During the procedure,
work quickly.

METHOD

Total RNA

It is not necessary to precipitate total RNA following isolation or cleanup with RNeasy Total RNA
isolation kit. Please adjust elution volumes from the RNeasy column to prepare for cDNA synthesis
based upon expected RNA yields from your experiment.

Precipitation Procedure
1. Add 1/10 volume 3 M NaAc, pH 5.2, and 2.5 volumes ethanol.*
2. Mix and incubate at -20C for at least 1 hour.

3. Centrifuge at >12,000 x g in a microcentrifuge for 20 min at 4C. 4. Wash pellet twice with 80%
ethanol.

4. Air dry pellet. Check for dryness before proceeding.
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5. Resuspend pellet in DEPC-treated H,0.

The appropriate volume for resuspension depends on the expected yield and the amount of RNA
required for the cDNA synthesis. Please read ahead to the cDNA synthesis protocol in order
to determine the appropriate resuspension volume at this step.

Quantification of RNA

Quantify RNA vyield by spectrophotometric analysis using the convention that 1 OD at 260 nm
equals 40 pg RNA per ml.

The absorbance should be checked at 260 and 280 nm for determination of sample concentration
and purity.
The Ax0/A280 ratio should be close to 2.0 for pure RNA (ratios between 1.9 and 2.1 are acceptable).

Note on yield : Affymetrix recommends starting the cDNA synthesis protocol with a minimum of 1 pg
poly(A)+ mRNA, or 5ug of total RNA in order to obtain sufficient quantity of labelled cRNA for
target assessment and hybridization to GeneChip® expression probe arrays. There are two major
advantages to starting with at least the recommended amount of material:

Enough material to check sample yield and quality at the various steps of this protocol.
Production of enough cRNA for hybridization of the target to multiple probe arrays.
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3.4 Protocol for Formaldehyde Agarose Gel Electrophoresis®’

The following protocol for formaldehyde-agarose (FA) gel electrophoresis is routinely used and
gives enhanced sensitivity for gel and subsequent analysis. A key feature is the concentrated RNA
loading buffer that allows a larger volume of RNA sample to be loaded onto the gel than
conventional protocols (e.g. Sambrook, J. et al., eds. (1989) Molecular cloning - a laboratory
manual, 2nd ed. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press).

1.2% FA gel preparation

To prepare FA gel (1.2% agarose) of size 10 x 14 x 0.7 cm, mix:

1.2 g agarose

10 ml 10x FA gel buffer (see composition below)

Add RNase-free water to 100 ml

If smaller or larger gels are needed, adjust the quantities of components proportionately.

Heat the mixture to melt agarose. Cool to 65°C in a water bath. Add 1.8 ml of 37% (12.3 M)
formaldehyde* and 1 pl of a 10 mg/ml ethidium bromide* stock solution. Mix thoroughly and pour
onto gel support. Prior to running the gel, equilibrate in 1 x FA gel running buffer (see composition
below) for at least 30 min.

RNA sample preparation for FA gel electrophoresis

Add 1 volume of 5x loading buffer (see composition below) per 4 volumes of RNA sample (for
example 10 pl of loading buffer and 40 pl of RNA) and mix.

Incubate for 3-5 min at 65, chill on ice, and loa d onto the equilibrated FA gel.

Gel running conditions
Run gel at 5-7 V/cm in 1 x FA gel running buffer.

Composition of FA gel buffers

10x FA Gel buffer

200 mM 3-[N-morpholino]propanesulfonic acid (MOPS) (free acid)
50 mM sodium acetate 10mM EDTA pH to 7.0 with NaOH
Toxic and/or mutagenic. Take appropriate safety measures.

1 x FA Gel Running Buffer

100 ml 10x FA gel buffer
20 ml 37% (12.3 M) formaldehyde*
880 ml RNase-free water

5x RNA Loading Buffer

16 pl saturated aqueous bromophenol blue solutions
80 NI 500 mM EDTA, pH 8.0

720 pl 37% (12.3 M) formaldehyde*

2 ml 100% glycerol

3084 pl formamide

4 ml 10 x FA gel buffer RNase-free water to 10 ml

7 Contributed by Norbert Hiibner, Max-Delbriick-Center, Berlin, Germany
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Stability: Approximately 3 months at 4C

* Toxic and/or mutagenic. Take appropriate safety measures.

To make a saturated solution, add solid bromophenol blue to distilled water. Mix and continue to
add more bromophenol blue until no more will dissolve. Centrifuge to pellet the undissolved
powder, and carefully pipet the saturated supernatant.

3.5 Synthesis of Double-Stranded cDNA™®

For the synthesis of double-stranded cDNA from total RNA or mRNA we recommend the cDNA
synthesis system kit von Roche (Cat. No. 1 117 831 Kit for 10 reactions).

Remarks:
Read all information and instructions that come with reagents and kits.

Use the T7-(dT),4 oligomer (described below) for priming first-strand cDNA synthesis in place of
the oligo (dT) or random primers provided with the Superscript Kit.

It is recommended that each step of this protocol be checked by gel electrophoresis.
T7-(dT)p4 primer:
5'- GGCCAGTGAATTGTAATACGACTCACTATAGGGAGGCGG-(dT)p4 - 3'

Note: Affymetrix strongly recommends HPLC purification of the T7-(dT),s primer. (HPLC-
purified T7-(dT),4 primer is essential not only for good double-stranded (ds)cDNA synthesis,
but also for the in vitro transcription (IVT) reaction.)

Before you begin

Procedure Time

1. strand synthesis 60 min
2. strand synthesis 2 hours
Handling

Successful cDNA synthesis demands an RNase-free instructions environment.

Use only RNase-free, autoclaved tubes, aerosol-free pipette tips and use only DEPC-treated water
and autoclaved or filter sterile solutions. Wear gloves to avoid RNase contamination during
handling with RNA.

Control RNA
A control RNA (Neo mRNA) is included in the cDNA

Synthesis System as an aid in verifying that the system performs in your hands. If you decide to
use the control RNA, simply substitute your RNA with 5 pl (1 ug) control RNA in the first strand
reaction.

Sample

Construction of an optimal ds cDNA begins with the preparation of high-quality RNA. Thus, it is
important to optimize the isolation of total RNA or mRNA out of eukaryotic tissues or from cell
cultures and to prevent adventitious introduction of RNases into a preparation.

Analysis of RNA

The quality of RNA used as template will influence profoundly the yield and size distribution of the
first strand product. After preparation of total RNA respectively mRNA, examine the integrity on a
formaldehyde denaturing agarose/EtBr gel. Preparation of mRNA shows a smear from approx. 7 kb
down to 200 bp (see trouble shooting guide). The gel should reveal a smear of fluorescent material

18 Contributed by Norbert Hiibner, Max-Delbriick-Center, Berlin, Germany
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centered in the 1-3 kb range for mRNA with some discrete fragments corresponding to abundant
MRNAs or residual 18S or 28S rRNA. For total RNA the major bands will be 18S rRNA (ca. 2 kb)
and 28S rRNA (ca. 5 kb) as well a background smear centered in the 1-3 kb range. If neither rRNA
is visible nor the distribution of mMRNA is centred at 1-3 kb range, then you will need to consider
troubleshooting for RNA isolation or cell storage.

First strand reaction

AMV reverse transcriptase is used for first strand cDNA synthesis. The initiation of the first strand
synthesis depends upon hybridization of a primer to the mRNA, usually at the poly(A) tail.

In the kit two different oligo dT primers are included. Oligo (dT);s primer for standard cDNA
synthesis followed by cloning or restriction enzyme digestion and oligo [(dT),4 T7promotor]es
primer for dsDNA synthesis followed by in vitro transcription of the cDNA population by T7 RNA
polymerase.

The reaction conditions for first strand synthesis have been optimized for yield and size of the
cDNAs. The optimal temperature for reverse transcription is 42<C.

The amount of mRNA in an assay can be as high as 2 pg, the amount of total RNA up to
20 pg.

1. Thaw all necessary components and place them on ice.

2. Pipetin a sterile 1.5 ml reaction tube, when using 40 pl total RT reaction volume.
For 20 pl total RT reaction volume, we recommend using a thin-walled PCR tube and a thermal
cycler for the first strand synthesis.

Component Vol. Final conc.
Total RNA X ul 1 to 20 ug (15 ug for Affymetrix chips)
MRNA X ul 0.3to 2 ug
oIigo[(_dt)24 T  promotor]65 | 2 pl 200 pmol
primer
Redist water X pl
Total volume 21 pl

3. Incubate at 70T for 10 min in a water bath, the n place the tube immediately on ice.
4. Add the following components:

Component Vol. Final conc.
RT buffer, 5x conc. 8 ul 1x
DTT,0.1 M 4 pl 10 mM
Supercript RT 3l 50U
RNase Inhibitor, 25 U/ul 1l 25U
dNTP-Mix, 10 mM each 4 ul 1 mM each

Note: The total volume should now be 40 pl. Mix gently.
5. Incubate 60 min at 42<C.

6. Place the tube on ice to terminate the reaction.
7. Continue immediately with the second strand reaction as described below.
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Second strand synthesis

The first and second strand syntheses are performed in the same tube which speeds the synthesis
procedure and maximizes recovery of cDNA. Synthesis for the second strand takes place using the
DNA/RNA hybrid as substrate. Mild treatment with RNase H inserts nicks into the RNA, providing
SOH-primers for DNA polymerase | present in the 2.strand enzyme cocktail.

The 5'- 3' exonuclease activity of DNA polymerase | removes the primer stretches in the direction of
synthesis, which are then replaced with new nucleotides by the polymerase activity. E.coli Ligase
links the gaps to a complete ds cDNA strand.

The last step in the cDNA synthesis is to ensure that the termini of the cDNA are blunt. This is done
by adding T4 DNA polymerase which does remove any remaining overhanging Sends on the ds
cDNAs.

1. Thaw all necessary components and place them on ice.
2. Pipet into the first strand reaction tube on ice, following components:

Note: Volumes are calculated for 1 reaction

Component Volume
cDNA from RT reaction 40 ul
2' strand buffer, 5x conc. 30u
dNTP-mix, 10mM each 1.5 ul
2"d strand enzyme blend 6.5 ul
redist water 72 pl
Total volume 150 ul
Mix gently.

3. Incubate 2 h at 16<.
4. Add 20 pl (20 U) T4 DNA Polymerase.
5. Stop reaction by adding 17 ul EDTA 0.2 M pH 8.0.

Digestion of RNA

For total RNA as starting material, digestion of residual RNA after ds cDNA synthesis is
recommended:

1. Add 1.5 pl (15 U) RNase H to the reaction tube.
2. Digest 30 min at 37<C.

3. Add 5 pl (3 U) Proteinase K to the reaction.
Incubate another 30 min at 37<C.

4. Follow the previous step to clean the double stranded cDNA.
Note: It is important to use phenol for cleaning procedure, to eliminate safely the RNase and
Proteinase K.

The second strand reaction is generally efficient, and yields of 80% to 100% are common (relative
to the amount of first strand cDNA synthesized). The distribution of second strand cDNA products
should look like the distribution of the first strand cDNA products when analyzed by alkaline
agarose gel electrophoresis. The performance of the system components can be checked by the
control reaction (control RNA) supplied with the kit.

Cleaning the ds cDNA
The proper cleaning of ds cDNA is important for all following steps.
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MATERIAL

Phenol

TE buffer (10 mM Tris/HCI, pH 8; 1 mM EDTA pH 8.0)
Phenol/chloroform/isoamylalcohol (25:24:1)
Chloroform/isoamylalcohol (24:1)

M NH40Ac

100 % ethanol (-15 to -25C)

70% ethanol

Double dist. water

METHOD

1. Add 200 pul phenol, vortex 10 s, centrifuge 15 s and transfer supernatant to a new tube.

2. Wash phenolphase by adding 50 pl TE (to mini mize loss of DNA), vortex 10 s, centrifuge 15 s
and save supernatant.

3. Combine supernatant from step 1 and 2.

4. Add 200 pl phenol/chloroform/isoamylalcohol (25:24:1) vortex 10 s, centrifuge 15 s and transfer
supernatant to a new tube.

5. Wash the supernantant with 200 pl chloroform/ isoamylalcohol (24:1) vortex 10 s centrifuge 15
s, save supernatant.

6. Repeat step 5 once more.

7. Precipitate DNA by adding 0.6 vol of 5 M
NH40Ac and 2.5 vol of 100 % ethanol (-15 to -25C).

8. Store approx. 1 hour at -60<C or below.

9. Pellet the DNA by centrifugation at high speed for 10 min, discard the supernatant carefully.
10. Wash pellet by overlaying with 300 pl 70% ethanol (-15C to -25<C).

11. Centrifuge at high speed for 10 min, discard the supernatant carefully.

12. Air dry pellet by evaporating residual ethanol.

13. Dissolve pellet in an appropriate volume with double dist. water depending on the following
procedure.

Analysis of cDNA products
Monitoring

The synthesis of cDNA respectively double-stranded cDNA can be monitored if control mRNA or
MRNA was used by running a 1% agarose gel. Use an aliquot calculated from starting amount of
100 ng mRNA.

Note: If total RNA has not been digested after ds cDNA synthesis the analysis of cDNA on a gel
is not possible due to the high background smear of the starting RNA.

Downstream applications

ds cDNA from up to 20 g total RNA can be used for in vitro transcription and labelling of cRNA
by incorporation of modified UTP (e.g. DIG-11-UTP*, Biotin-16UTP*, Fluorescein-12-UTP*).

For in vitro transcription and labelling we recommend using total RNA for the cDNA synthesis.
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3.6 In vitro transcription®

3.6.1 Synthesis of biotin-labelled cRNA

For Synthesizing Biotinylated cRNA we recommend the use of with PerkinElmer's nucleotide
analogs & Ambion's MEGAScript T7 kit.

Below is a protocol for making biotinylated amplified RNA (CRNA) using Ambion's MEGAscript™
T7 Kit and PerkinElmer's biotinylated ribonucleotides. The reaction incorporates 2 different
biotinylated nucleotides for maximum sensitivity.

Each 20 pl reaction should contain:

15 ds cDNA template

2 ul 75 mM ATP

2 ul 75 mM GTP

15 75 mM CTP

15 75 mM UTP

3.75 10 mM Bio-11-CTP

3.75 i 10 mM Bio-16-UTP or Bio-11-UTP
2 ul 10 x reaction buffer

2 ul T7 RNA Polymerase

20 u total volume

Note: Increased yields may be observed by increasing the reaction volume to 40 pl (2X).

1. Assemble the reaction in the order shown. Do not assemble the reaction on ice, since
spermidine in the reaction buffer can lead to precipitation of the template DNA. If multiple reactions
are needed a "master mix" can be prepared by multiplying the volume of each reagent by the
number of reactions.2.Mix the reaction by flicking the tube and briefly microfuge to collect all of the
reaction mixture at the bottom of the tube. Incubate at 37<C for 6 hrs or more (overnight incubation
may increase yields).3.After incubation, add 1 pl DNase | (included in the MEGAscript Kit) to
remove the DNA template. Incubate at 37<C for 30 min. 4.Purify the cRNA by precipitation or by
using an Ambion RNAqueousTM column.5.PerkinElmer™ Life Sciences (NEN)

Catalog # Product Pack size

NEL-542 Biotin-11-CTP 10mM, 250 nmol in 25pl
NEL-543 Biotin-11-UTP 10 mM, 250 nmol in 25 pl
NEL-999 Biotin-16 UTP 10 mM, 250 nmol in 25 pl

19 Contributed by Norbert Hiibner, Max-Delbriick-Center, Berlin, Germany
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MEGAScript T7 kit (40 labeling reactions)_Catalog #1334

Affymetrix recommends the following kit: Enzo RNA Transcript Labeling Kit BioArray (BioArray
HighYield RNA Transcript Labeling Kit, P/N 900182)

3.6.2 IVT cRNA Cleanup and Quantitation

In Vitro Transcription Clean Up

It is essential to remove unincorporated NTPs so that the 260 nm absorbance can determine the
guantity of cRNA.

DO NOT phenol-chloroform the biotinylated RNA extract. The biotin will cause some of the RNA to
partition into the organic phase. This will result in low yields.

Save an aliquot of the unpurified IVT product for analysis by gel electrophoresis.

We suggest purifying one half of the IVT reaction product and checking yields before purifying the
second half for two reasons:

1. If the sample is lost during the purification, the second portion can be used.

2. When IVT product yields are high, the amount of RNA in the whole reaction may exceed the
capacity of the device used for purification. Therefore, purifying one half of the reaction may
result in better overall yields.

Recommended Methods for In Vitro Transcription Clea  n Up
1. RNeasy spin columns from QIAGEN (Preferred method) QIAGEN, P/N 74103, 74104, 74106.

2. CHROMA SPIN-100 (size exclusion spin columns) + Ethenol precipitation. IVT Cleanup
Protocol Using QIA GEN RNeasy Columns

Follow the instructions for RNA cleanup from the QIAGEN handbook included in every kit. Depending
on recovery, ethanol precipitation may be required to concentrate cRNA.

Suggestions for increased yield
1. Pass the sample over the column two times before the wash and elution steps.
2. After adding water to the column for RNA elution, wait one minute before centrifuging.

Note: If 1 ug DNA template was used in the IVT reaction, expect 30 to 50 ug RNA for one-half IVT
reaction.

Quantifying the cRNA (IVT Product)

1. Use spectrophotometric analysis to determine the RNA yield. Apply the convention that 1 OD at
260 nm equals 40 pg/ ml RNA.

2. Check the OD at 260 nm and 280 nm to determine sample concentration and purity.
Maintain the A,go/Pog ratio close to 2.0 for pure RNA (ratios between 1.9 and 2.1 are acceptable).

4. For quantification of cRNA when using total RNA as starting material, an adjusted cRNA vyield
must be calculated to reflect carryover of unlabelled total RNA. Using an estimate of 100%
carryover, use the formula below to determine adjusted cRNA vyield:

adjusted cRNA yield = RNA,, - (total RNA)(y)
RNA,,, = amount of cRNA measured after IVT (ug) total RNA; = starting amount of total RNA (ug)
y = fraction of cDNA reaction used in IVT

w
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Example: Starting with 10 pg total RNA, 50% of the cDNA reaction is added to the IVT, giving a
yield of 50 ug cRNA. Therefore, adjusted cRNA yield = 50 ug cRNA - (10 pg total RNA) (0.5 cDNA
reaction) = 45.0 ug.

Checking Unfragmented Samples by Gel Electrophoresi s

Gel electrophoresis of the IVT product is done to estimate the yield and size distribution of labelled
transcripts. Parallel gel runs of unpurified and purified IVT product can help determine the extent of
a loss of sample during the clean-up process.

Analyze 1% of each sample by gel electrophoresis through a 1% agarose gel or 1.2% FA gel.
Mix RNA (samples or markers) with loading dye and heat to 65C for 5 min before loading on the

gel.
Ethidium bromide can be used to visualize the RNA in the gel.

Alternatively, gels can be stained with SYBR Green Il at a 1:10,000 dilution in 1X TBE buffer.
SYBR Green Il stains single stranded RNA better than ethidium bromide, but it requires a special
photographic filter available from Molecular Probes to photograph stained bands.

By running a denaturing gel a more accurate estimation of the RNA size distribution is obtained.

3.6.3 Fragmenting the cRNA for target preparation

MATERIAL

Affymetrix recommends that the RNA used in the fragmentation procedure be sufficiently
concentrated to maintain a small volume during the procedure. This will minimize the amount of
magnesium in the final hybridization cocktail. The cRNA must be at a minimum concentration of
0.6 pg/ul. If it is not, it can be precipitated with ethanol. It can then be resuspended in a smaller
volume of RNase-free water.

cRNA Fragmentation Reagents

Trizma Base, Sigma Chemical, P/N T 1503

Magnesium acetate (MgOAc), Sigma Chemical, P/N M 2545
Potassium acetate (KOAc), Sigma Chemical, P/N P 5708
Glacial Acetic Acid, Sigma Chemical, P/N A 628

5X RNA Fragmentation Buffer
200 mM Tris-acetate,

pH 8.1, 500 mM KOAc,

150 mM MgOAc)

The fragmentation buffer is made with RNase free reagents. Tris-containing solutions should not be
treated with DEPC; however, once H,0 has been DEPC-treated and autoclaved it can be used for
making the Tris solution.

Combine the following components to a total volume of 20 ml.

4.0ml I M Tris acetate pH 8.1 (Trizma Base, pH adjusted with glacial acetic acid)
0.64 g MgOAc

0.98 g KOAc

DEPC-treated 50 to 20 ml
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Mix thoroughly and filter through a 0.2 pm vacuum filter unit. This reagent should be aliquotted and
stored at room temperature.

METHOD

1. Add 2 ul of 5X Fragmentation Buffer for every 8 pl of RNA plus H.,0.

2. The final concentration of RNA in the fragmentation mix can range from 0.5 pg/pl to 2 pg/ul.
The following table shows an example of a fragmentation mix for a 20 ug cRNA sample at a
final concentration of 0.5 ug/ul.

3. For fragmentation, use unadjusted cRNA concentration.

Example for 0.5 pg/ul final concentration:

Component Volume
20 pg cRNA 1to 32ul
5X FragmentationBuffer 8 pl
RNase-free water 1to 40 pl
4. Incubate at 94T for 35 min. Put on ice followin g the incubation.
5. Save an aliquot for gel analysis.
6. At least 1 pg fragmented cRNA is needed if using ethidium bromide for staining the gel. Less
RNA can be used with SYBR Green Il staining.
7. The standard fragmentation procedure should produce a distribution of RNA fragment sizes from
approximately 35 to 200 bases.
8. Store undiluted, fragmented sample RNA at -20T until ready to perform the hybridization.
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3.7 EsiRNA production protocol

3.7.1 Generation of PCR products for in vitro transcription of
substrate RNAs®

The template for in vitro transcription can be generated either by amplification of cDNA inserts from
clones using primers specific for the vector-backbone or from cDNA preparations using target-
specific primers appended with T7 promoter sequences.

When choosing cDNA clones or designing cDNA-specific vectors it should be taken into account
that the amplicon length is critical for the yield of dSRNA. We observed highest yields with amplicon
lengths between 400 and 1500 bp. While shorter templates appear to require longer RNase Il
digestion times, we occasionally observed annealing problems of the two ssRNAs when using
templates longer than 1500 bp.

Here we describe the preparation of the template for in vitro transcription for the endogenous
mouse gene Eg5 and the reporter gene EGFP. Please note that PCR reaction conditions and
cycling parameters depend on the amplicon. Therefore, amplification conditions and buffer
composition for other targets may need to be optimized.

MATERIAL

Taq DNA polymerase and buffers

Forward and reverse primers with T7 promoter sequence 5-CGTAATACGACTCACTATAGGG
added 5’ to a gene-specific or vector-backbone-specific primer sequence; internal T7 promoter
sites that are often present in vector backbones can be utilized by choosing a primer to these sites.

Thermal cycler
Gene-specific template plasmid

METHOD

1. Mix the following reagents in a PCR tube:
5 m 10 x PCR buffer

1.5 m 50 mM MgCl,
4 m 10 mM dNTP mix

1 m Forward primer (10 nM)5’-cgtaatacgactcactatagggtgagcaagggcgagga (for EGFP) or 5'-
?(for Eg5)

1 m Reverse primer (10 M) 5'-cgtaatacgactcactatagggtacagctcgtccatgccga (for EGFP) or
5'-? (for Eg5)

2 m Taq DNA polymerase (1 U/m)

1-10 ng plasmid template (IMAGE clone 1429404 for Eg5 and for EGFP, pEGFPLuc;
Clontech or any other plasmid containing the EGFP gene)

PCR grade water to 50 ni.

%0 Contributed by Frank Buchholz, Max-Planck-Institute of Molecular Cell Biology and Genetics,
Dresden, Germany
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2. Amplify as follows: initial denaturation step of 94°C for 3 min; then 40 cycles of 94°C/30 sec,
60°C/30 sec and 72°C/90 sec (Eg5) or 72°C/30 sec (EGFP); final elongation step of 72°C
for 10 min.

3. Analyze products by standard agarose gel electrophoresis.

3.7.2 In vitro transcription and the production of dsRNA#

PCR products can be used directly for in vitro transcription reactions without purification. We
routinely use 2.5 m of the PCR product directly in in vitro transcription reactions. The production of
dsRNA including the synthesis of the two RNA strands and their annealing is performed in a single
tube. We have further streamlined this step by skipping the conventional purification steps such as
removal of DNA, nucleotides and precipitation after in vitro transcription.

MATERIAL
MEGAscript™ in vitro transcription kit (Ambion)

METHOD

1. Prepare a 10 ni reaction mix at room temperature as follows:

10 x transcription buffer 1.0ou

75 mM ATP, GTP, CTP, and UTP 1.0ul each

PCR product 2.5 ul (~ 0.5 ng DNA template)
Nuclease-free water 1.5

T7 RNA polymerase enzyme mix 1.0u

2. Incubate the reaction at 37°C for 4-12 h.

3. Perform annealing in a thermal cycler as follows: 90°C for 3 min, ramp to 70°C with 0.1°C/sec,
70°C for 3 min, ramp to 50°C with 0.1°C/sec, 50°C for 3 min, ramp to 25°C with 0.1°C/sec.

3.7.3 Digestion and purification of dsRNA

Long dsRNA is partially digested to esiRNAs with a length of about 18-25 bp. The subsequent
purification effectively removes remaining DNA template, unincorporated nucleotides and dsRNAs
longer than 40 bp.

While the amount of GST-RNase Il for the limited digestion of dsRNA is fixed, we recommend
performing a pilot digestion with every new preparation to determine the optimal ratio of dsRNA and
GST-RNase Il

MATERIAL

dsRNA digestion buffer, pH 7.9 (20 mM Tris-HCI, 0.5 mM EDTA, 5 mM MgCl,, 1 mM DTT, 140 mM
NacCl, 2.7 mM KCI, 5% (v/v) glycerol)

L Contributed by Frank Buchholz, Max-Planck-Institute of Molecular Cell Biology and Genetics,
Dresden, Germany
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0.5 M EDTA, pH 8.0

4% (w/v) agarose in 1 x TBE electrophoresis buffer

25 bp DNA ladder (e. g., HyperLadder V from Bioline)

TE buffer, pH 7.9 (10 mM Tris-HCI, 1 mM EDTA)

Isopropanol

70% (v/v) ethanol

Micro Bio-Spin Chromatography Columns (BioRad Laboratories)
Q Sepharose FastFlow (Amersham Biosciences)

Equilibration buffer, pH 8.0 (20 mM Tris, 1 mM EDTA, 300 mM NacCl)
Wash buffer, pH 8.0 (20 mM Tris, 1 mM EDTA, 400 mM NacCl)
Elution buffer, pH 8.0 (20 mM Tris, 1 mM EDTA, 520 mM NacCl)
Ethidium bromide, 10mg/ml (Sigma-Aldrich)

Orange G (Sigma-Aldrich); marker dye for esiRNAs

METHOD

1. Mix 10 mi of the in vitro transcription reaction (~25-50 nmg dsRNA) with 3 ng of GST-RNase llI
protein in 90 m digestion buffer.

2. Incubate at 23°C for 4 h.

3. Run a 2-4 nm aliquot in 4% (w/v) agarose gel along with a 25 bp DNA ladder to check the size
range of digestion products. If the size range is not appropriate (i. e., digestion products are too
long) incubate for additional 2 h at 37°C and check again.

4. Purify the digestion products immediately as follows, or terminate the reaction by adding 4 m
0.5 M EDTA.

5. Prepare spin columns for purification: Add 200 mi Q-Sepharose and 500 m equilibration buffer
to the column. Spin at 1000 g for 1 min and discard the flow-through. 6. Again, add 500 m
equilibration buffer, spin at 1000 g for 1 min and discard the flow-through.

7. Load all of the digested dsRNA on the column and incubate for 5 min at room temperature.
8. Spin at 1000 g for 1 min and discard the flow-through.

9. Add 500 m wash buffer, spin at 1000 g for 1 min and discard the flow-through.

10. Add 300 ni elution buffer, spin at 1000 g for 1 min and collect the flow-through.

11. Repeat step 10.

12. Add 500 ni isopropanol to the 600 n eluted esiRNA and vortex. Store on ice for at least for 30
min.

13. Spin at 16,000 g for 15 min at 4°C. Discard the supernatant, and wash the pellet twice with cold
70% (v/v) ethanol.

14. Air-dry the esiRNA pellet for 10-15 min at room temperature and dissolve in 50 m of 1 x TE
buffer.

15. Run a 2-4 ni aliquot on a 4% (w/v) agarose gel, and measure ODyg in order to quantify the
esiRNA concentration.
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3.7.4 Transfection of esiRNA and analysis of silencing in cultured
mammalian cells®

Optimal transfection conditions for esiRNA are highly dependent on the cell line used. Here we
describe the silencing of the endogenous gene Eg5 in mouse ES cells. The knock-down of Eg5
results in a mitotic arrest phenotype within 24 hours after transfection, and is, therefore, suitable for
optimizing transfection conditions in mouse ES cell lines. We also describe inhibition of the reporter
gene EGFP in ES cell line Oct4-EGFP, in which EGFP is specifically expressed in undifferentiated
cells. Other ES cell lines expressing EGFP should also work accordingly. These two genes can
serve as the template for designing other esiRNAs directed against specific genes of interest.
However, one should also consider the following when designing esiRNAs against specific genes:
(i) each esiRNA directed against a specific gene may have a different silencing capacity. This
silencing capacity can be evaluated by quantitative RT-PCR, northern blot or western blot
analyses: (ii) each gene product has a different half-life within the cell. Therefore, some phenotypes
may be observed earlier then others. Hence, cells should be examined at different time points post
esiRNA transfection: (iii) RNAI leads to gene knockdown and not knockout. Therefore, some gene
product may still be present in the cell at sufficient concentrations to fulfil its function.

The experiments described here are for transfections in 6-well dishes. Adjust volumes and amount
of reagents for tissue culture dishes of a different size

MATERIAL

Oligofectamine and Lipofectamine 2000 (Invitrogen); other transfection reagents and protocols
should work accordingly

Dulbecco's Mod Eagle Medium (DMEM) (InVitrogen)
Fetal bovine serum (FBS) (InVitrogen)
Other tissue culture ingredients; L-Glutamine, penicillin/streptomycin (InVitrogen, Sigma-Aldrich)

METHOD

Knockdown of an endogenous gene (Eg5)

1. Plate cells ~16 h before transfection in a 6 well culture dish to obtain 60-70% confluency on the
day of transfection.

2. Change the medium (10% (v/v) FBS, 2 mM glutamine, 100 U/ml penicillin, 100 ng/ml
streptomycin, GMEM) before transfection. The volume of the medium for transfection should be
800 ni.

Dilute 1ng of esiRNA directed against Eg5 with 185 i of serum-free GMEM.

Dilute 4 m of Lipofectamine 2000 with 11 ni of serum-free medium, and incubate at RT for 5
min.

Add diluted esiRNA to diluted Lipofectamine 2000. Incubate at RT for 20 min.
Add esiRNA/ Lipofectamine 2000 mix to the cells. Gently mix and incubate at 37°C for 4 h.
Add 1000 m serum-containing medium.

Observe knockdown of Eg5 by light microscopy within 24 h post transfection. At this time, many
of the cells should be arrested in mitosis, indicated by the rounded up appearance (Figure 1-2).
Most of the cells should die within 48 hours post transfection.

> ow
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2 Contributed by Frank Buchholz, Max-Planck-Institute of Molecular Cell Biology and Genetics,
Dresden, Germany
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Knockdown of EGFP expressed from a plasmid

1. Plate cells ~16 h before transfection in a 6 well culture dish to achieve 80-90% confluency on
the day of transfection.

2. Change the medium (10% (v/v) FBS, 2 mM glutamine, 100 U/ml penicillin, 100 ng/ml
streptomycin, DMEM) before transfection. The volume of the medium for transfection should be
2000 m.

3. Dilute 1 ng of esiRNA directed against EGFP or a control esiRNA (e. g., firefly luciferase) and 3
ngy of EGFP expression plasmid with 250 mi of serum-free DMEM.

4. Dilute 10 n of Lipofectamine 2000 in 250 m of serum-free medium, and incubate at RT for 5
min.

5. Add diluted esiRNA-plasmid to diluted Lipofectamine 2000. Incubate at RT for 20 min.

6. Add esiRNA-plasmid/Lipofectamine 2000 mix to the cells. Gently mix and incubate at 37°C for
4 hours.

7. Add 1000 m serum-containing medium.

8. Observe the cultures using appropriate filter sets for GFP visualization 24 h post-transfection.
One should see a clear fluorescence intensity difference between cells transfected with control
esiRNA and EGFP esiRNA.

3.7.5 Alternative method of esiRNA transfection in ES cells?

Experiments were performed in 24 well plates.

ES cells maintained for 24h in medium without any antibiotics, were trypsinised and transfected, in
suspension, at day 0 and day 3 with 100 or 250 ng of the following esiRNA librairies : oct4, STAT3,
nanog and luciferase (negative control), with 1 m of lipofectamine 2000, in 500 microliter medium
total (containing serum and LIF).

Briefly, the adoc quantity of esiRNA (gsp 50 mi DMEM without serum ) was mixed with 1 m of
lipofectamine in 50 m of DMEM without serum , and let for 5 min at room temp. This 100 m were
added to the 400 m of freshly trypsinised cells, in complete medium (with serum and LIF).

Medium was changed 24h after each round of transfection.

Commercial SIRNA (40 and 100 nM final), bought from Dharmacon ("smart pool" OCT4, "smart
pool* STAT3 and FITC-labelled scrambled non specific RNAI) were transfected in parallel.

With the FITC-RNAI we could estimate the efficiency of transfection to 40 to 60%.

Observations were done every day up to 6 days. Then cells were stained with alcaline
phosphatase. Pictures of cells in the various conditions were recorded.

Conclusions:

1) We observed differentiation of cells transfected with esiOCT4 (many giant cells and other types),
with esi STAT3 (cells have a fibroblast and epithelial-like shape) and esiNANOG. In the controls,
almost no differentiation at all was observed.

2) We observed slightly better effects with esiRNA than with commercial SIRNA.

3) The strongest effect was detected with esiOCT4, which is in good agreement with known OCT4
behaviour.

8 Contributed by Héléne Boeuf and Xavier Gauthereau, CNRS, Bordeaux, France
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4) The specificity of the SIRNA or esiRNA effects was demonstrated by co-transfection experiments
using ES cells expressing various EGFP-fusion proteins (here is shown EGFP-Zfp36) and the
siRNA-Zfp36 or unrelated siRNA or esiRNA (here is shown esi-luciferase), 100nM .

The same field of phase contrast or fluorescence picture is shown.

1 ng pCAG - EGFP-Zfp36 1 ng pCAG - EGFP
+esiRNA luciferase +siRNA Zfp36 +esiRNA luciferase +siRNA Zfp36
100nM 100nM 100nM 100nM
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3.8 DNA engineering using Red®/ET® Recombination technology?

MATERIAL

All are antibiotics available from Sigma. Stock solutions are stored at -20°C. For selective LB

medium, the antibiotic is dissolved in LB medium to the indicated working concentration:

1. Chloramphenicol stock solution ¢ = 30 mg/ml dissolved in ethanol. Working concentration 15
ng/ml for BAC and 50 ng/ml for high copy plasmids.

2. Ampicillin stock solution ¢ = 100 mg/ml dissolved in 50% ethanol. Working concentration 50
ng/ml for BAC and 100ng/ml for high-copy plasmid.

3. Tetracycline stock solution ¢ = 10 mg/ml dissolved in 75% ethanol. Working concentration for
low copy plasmids like pSC101-BAD-gbaA 3 mg/ml, for high copy plasmids 10 pg/ml.
Tetracycline is light sensitive.

4. Kanamycin stock solution ¢ = 30 mg/ml dissolved in ddH,0. Working concentration 15 ng/ml for
BAC and 50 ng/ml for high copy plasmids.

5. Streptomycin stock solution ¢ = 50 mg/ml dissolved in ddH,0. Working concentration 50 mg/ml.

Selective LB plates are made by adding 15 g agar to 1 | LB medium. After boiling, cool to approx

50°C, add the required antibiotics to the working concentration and pour into petri dishes.

METHOD
PCR Reaction for Red®/ET® Recombination

Oligo design
Consider the advice in the section “Oligonucleotide Design for Red®/ET® Recombination.

PCR reaction

The oligonucleotides are suspended in dH,O at a final concentration of 25 pmol/ |. We provide
here a standard PCR protocol but every other PCR protocol might yield satisfying results.

PCR reaction (in 50 )

39,5 | dH,0O

5.0 10 x PCR reaction buffer
2.0 5 mM dNTP

1.0 upper oligonucleotide

1.0 lower oligonucleotide
1.0 template (1 to 5 ng)
0.5 Taq polymerase (5 U/ )

If necessary add 150 to 200 | of mineral oil on top of the reaction to avoid evaporation.

An annealing temperature of 57°C to 62°C is optimal.

Thirty cycles; 1’ 95°; 1’ 57°-62° C; 1’ or longer 72° C
If a linear or non-replicatable template is used for the PCR reaction, the product can be used
directly without any further purification. If a replicatable circular plasmid is used as a template for

4 contributed by Francis Stewart, Technical University Dresden, Germany
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the PCR reaction, further purification is required (e.g. Qiagen® PCR purification kit followed by Dpnl
digestion). The following protocol should be used for all of the experiments.

Check 3 pl PCR product on a gel to ensure the PCR was successful.

Precipitate using 5 | of 3 M NaAc pH 7.0 and 150 pl of 100% Ethanol. Mix well and if the
amount of PCR product is quite low, precipitate for 5 min at -80CC or 30 min at -20C. Spin
down the DNA at maximal speed for 5 min.

Carefully wash the pellet once with 500 | of 70 % ethanol. Be sure not to wash it away. You
should see an obvious pellet at the bottom or along the walls of your tube.

Dry the pellet at 37C using a heating block for 5 to 10 min or vacuum dry for 2 min.
Resuspend in 5 | of 10mM Tris-HCI, pH 8.0 (0.2t0 0.5 ¢/ I).

For high copy plasmid modification, mix 3 m (0.2-0.5 ng/m) of targeting plasmid with 3 m of
PCR product.

Transformation of the Red/ET expression plasmid
Before starting

Chill dH,0 on ice for at least 2 hours (preferably overnight).
Chill electroporation cuvettes (1 mm).
Cool an Eppendorf centrifuge to 2°C.

Set up an overnight culture. Pick at least ten colonies carrying the BAC and inoculate them
together in an Eppendorf tube containing 1.0 ml LB medium with 15 g/ml chloramphenicol or
selective medium fitting your experimental design (puncture a hole in the lid for air). Incubate at
37°C over night with shaking.

Next day

E

10.

Set up 2 Eppendorf tubes containing fresh 1.4 ml LB medium conditioned with the same
antibiotics as in step 1 and inoculate with 30 ul of fresh overnight culture.

Culture for 2-3 hours at 37°C, shaking at 1000 rpm.
Prepare the cells for electroporation

Centrifuge for 30 sec at 11,000 rpm in a cooled Eppendorf benchtop centrifuge (at 2C).
Discard the supernatant by quickly tipping out the supernatant twice, and place the tube on ice.
Resuspend the pellet with 1 ml chilled dH,O, pipetting up and down three times to mix the
suspension. Repeat the centrifugation and resuspend the cells again. Centrifuge and tip out the
supernatant once more; 20 to 30 | will be left in the tube with the pellet. Keep the tube on ice.

Take the Red/ET recombination protein expression plasmid (e.g. pSC101-BAD-gbaA). With a
small pipette add 1 1(0.2 to 0.5 @) to your cell pellet. Mix briefly. Keep the tube on ice. Fitting
a larger pipette to the same tip, transfer up to 30 | of cell suspension from the tube to the
chilled electroporation cuvette.

Electroporate at 1350 V, 10nF, 600 Ohms. This setting applies to an Eppendorf®
Electroporator 2510 using a 1 mm electroporation cuvette. Other devices can be used, but
1350V and a 5 ms pulse are recommended.

Resuspend the electroporated cells in 1 ml LB medium without antibiotics and return them to
the Eppendorf tube.

Incubate at 30°C for 70 min, shaking at 1000 rpm. (The Red/ET expression plasmid e.g.
pSC101-BAD-ghaA will be lost at 37<C).

Using a small loop, plate 100 | cells on LB agar plates containing the appropriate antibiotics
e.g. tetracycline (3 g/ml) for the pSC101-BAD-gbaA-tetra plasmid plus chloramphenicol (15
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g/ml) for the BAC. Incubate the plate at 30C overnight (or for at least 15 hours). Protect the
plate from light by wrapping it up, because tetracycline is sensitive to light. Make sure the cells
stay at 30°C, or else the plasmid will be lost.

11. At the same time, use a loop to streak the control culture, which already contains both a BAC
and the expression plasmid, (e.g. BAC-control+pSC101-BAD-gbaAtet) on Cm + Tet (15 g/ml
+ 3 g/ml) plate and incubate at 30°C over night. Protect the plate from light by wrapping it up

Insertion of non-selectable gene or a point mutation in a BAC

Inserting the SV40-em7-BSD cassette into a BAC firs  t

Within this step electrocompetent cells will be prepared from the BAC hosts that contain the Red/ET
plasmid, shortly after inducing the expression of the recombination proteins (gbaA). In advance, the
linear DNA fragment (the rpsL-neo counter-selection cassette) with homology arms that you will insert
into your BAC has to be prepared.

Before performing the experiment below, PCR product carrying SV40-em7-BSD cassette should be
generated. See chapter 3.3.7.2.1 PCR Reaction for Red®/ET® Recombination.

Before starting:

Chill dH,0 on ice for at least 2 hours (preferably overnight).
Chill electroporation cuvettes (1 mm).
Cool down an Eppendorf centrifuge to 2°C.

1. Set up 4 punctured Eppendorf tubes containing 1.4 ml fresh LB medium containing Tetracyclin (3
g/ml) and chloramphenicol (15 g/ml) and inoculate each of them with 30 pl of fresh overnight
culture. Incubate the tubes at 30T for 2 hours sha king at 1100 rpm until OD600 ~ 0.2.
Do not let them overgrow beyond the indicated OD of 0.2!

2. Add 20 |10% L-arabinose to half of the tubes giving a final concentration of 0.1% - 0.2 %. This
will induce the expression of recombinases. Don’t use D-arabinose! Leave the other tubes without
induction as negative controls.

3. Transfer the tubes to a 37T heating block and s hake them for 45 to 60 min. until OD600 ~ 0.35 -
0.4. Do not let them overgrow beyond the indicated OD of 0.4!

4. Prepare the cells for electroporation.
Centrifuge for 30 sec at 11,000 rpm in a cooled Eppendorf benchtop centrifuge (at < 2T). Discard
the supernatant by quickly tipping out the supernatant twice, and place the pellet on ice.
Resuspend the pellet with 1 ml chilled dH,O, pipetting up and down three times to mix the
suspension.

5. Repeat the centrifugation and resuspend the cells again. Centrifuge and tip out the supernatant
once more; 20 to 30 | will be left in the tube with the pellet. Keep the tube on ice

6. Add1l [(0.2-0.3 g) of your prepared linear SV40-em7-BSD fragment with homology arms to the
pellet in the Eppendorf tube, and pipette the mixture into the chilled electroporation cuvette.

7. Electroporate at 1350 V, 10n¥, 600 Ohms. This setting applies to an Eppendorf® Electroporator
2510 using an electroporation cuvette with a slit of 1 mm. Other devices can be used, but 1350V
and a 5 ms pulse are recommended

8. Add 1 ml LB medium without antibiotics to the cuvette. Mix the cells carefully by pipetting up and
down and pipette back into the Eppendorf tube.

9. Incubate the cultures at 37<C, shaking for 70 mi n. Recombination will now occur.

10. Streak the cultures with a loop (100 pl is sufficient) onto LB agar plates containing the appropriate
antibiotics for the BAC (e.g. chloramphenicol; 15 g/ml, Blasticidin 50 g/ml).
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11.

12.

13.
14.

Incubate the plates at 37C overnight. The Red® /ET® recombination protein expression
plasmid (pSC101-BAD-gbaA) would get lost at 37<C.
The ratio of induced:uninduced bacterial colonies should exceed 100 : 1.

Pick 10 colonies from the plates (induced) and inoculate them in 2 ml of LB medium with

Cm+BSD (15+25 ng/ml). BSD is more toxic in liquid culture and only 25 ug/ml of final
concentration is used.

Pick 2 colonies from original BAC plate and inoculate in 2ml of LB medium with Cm (15 ng/ml).
Incubate at 37 with shaking at 1100 rpm over night.

Nearly all colonies growing on the agar plates conditioned with the appropriate antibiotics
(chloramphenicol (15 g/ml) and Blasticidin (50 g/ml)) will have successfully undergone Red®/ET®
Recombination. BAC DNA should be prepared to verify the restriction pattern.

Note: Below is a short protocol for preparation of BAC SNA for analytical purposes.

Preparation of BAC DNA for analytical purposes
(Next day)

N e

© N gk w

10.

11.

12.

13.

14.
15.

Spin down the cultures for 1 min at 11,000 rpm.

Discard the supernatant as much as possible and re-suspend the cell pellet with 0.20 ml of
buffer P1 with RNase (from QIAGEN DNA Maxi-preparation Kit).

Add 0.20 ml of buffer P2 and mix by inverting the tube several times.

Add 0.20 ml of buffer P3 and mix by inverting the tube several times.

Spin down the white lysate at highest speed for 4 min.

Transfer the clear supernatant into a new 1.5ml-Eppendorf tube and add 0.50 ml of 2-propanol.
Mix by inverting the tube and spin down the DNA at highest speed for 5 min.

Discard the supernatant and add 1 ml of 70% ethanol to rinse the pellet (be careful not to loose
the small white pellet).

Clean the inner wall of the tube with a piece of tissue or cotton stick.

Dry the pellet under the speed vacuum for 2 min. or 5 to 10 min on the bench until the DNA
pellet is completely dried. Do not over dry the pellet, otherwise the DNA will become difficult to
re-dissolve.

While the DNA is drying prepare a master mix for the subsequent restriction digest (Xhol):

(n+1)x 1.2 pl 10x restriction buffer (NEB2)
(n+1)x 1.0 ul RNase water 10 pug/ml
(n+1)x 0.3 plrestriction enzyme

(n+1)x 9.5uldH,0

(n+1)x12.0 plin total

Mix well and carefully resuspend the dry DNA pellet in 12 m digestion mix. Incubate at 37°C for
2 to 3 hours.

Run the samples on an agarose gel with Imm slots at less than 80 V for 3 hrs (for better
resolution, less than 40 V should be applied).

Add 4 m of EtBr (c = 10 pg/ml) in the buffer if necessary for longer run.
Take a photo of the gel and compare the restriction pattern with the map.
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3.7.6 Application: Insertion of a loxP site to generate a knock-out

construct

Insertion of a floxed PGK-gb2-neo cassette
Before starting:

10.
11.
12.

13.

14.
15.
16.

Chill dH,0 on ice for at least 2 hours (preferably overnight).
Chill electroporation cuvettes (1 mm).
Cool down an Eppendorf centrifuge to 2°C.

Use a loop to streak pSC101-BAD-gbaAtet strain HS996 carrying pSC101-BAD-gbaA on a LB
agar plate with Tetracyclin (3 pg/ml) from the glycerol culture.

Set up 4 punctured Eppendorf tubes containing 1.0 ml fresh LB medium with Tetracyclin (3
g/ml) and inoculate them with a single colony each.

Set up 4 punctured Eppendorf tubes containing 1.4 ml fresh LB medium conditioned with the
same antibiotics like in step 2 and inoculate each of them with 30 pl of fresh overnight culture.
Incubate the tubes at 30T for 2 hours shaking at 1 100 rpm until OD600 ~ 0.2. Do not let them
overgrow beyond the indicated OD of 0.2!

Add 20 | 10% L-arabinose to 3 tubes giving a final concentration of 0.1% - 0.2 %. This will
induce the expression of recombinases. Don’t use D-arabinose! Leave the other tubes without
induction as negative controls.

Transfer the tubes to a 37<C heating block and s hake them for 45 to 60 min. until OD600 ~
0.35 - 0.4. Do not let them overgrow beyond the indicated OD of 0.4!

Prepare the cells for electroporation.

Centrifuge for 30 sec at 11,000 rpm in a cooled Eppendorf benchtop centrifuge (at < 2C).
Discard the supernatant by quickly tipping out the supernatant twice, and place the pellet on
ice. Resuspend the pellet with 1 ml chilled dH,O, pipetting up and down three times to mix the
suspension

Repeat the centrifugation and resuspend the cells again. Centrifuge and tip out the supernatant
once more; 20 to 30 | will be left in the tube with the pellet. Keep the tube on ice.

Add 1 1(0.2-0.3 g) of your prepared linear PGK-Tn5-neo fragment with homology arms plus
1pl of the targeting plasmid to the pellet in the Eppendorf tube, and pipette the mixture into the
chilled electroporation cuvette.

Electroporate at 1350 V, 10nF, 600 Ohms. This setting applies to an Eppendorf®
Electroporator 2510 using an electroporation cuvette with a slit of 1 mm. Other devices can be
used, but 1350V and a 5 ms pulse are recommended.

Add 1 ml LB medium without antibiotics to the cuvette. Mix the cells carefully by pipetting up
and down and pipette back into the Eppendorf tube.

Incubate the cultures at 37<C, shaking for 70 m in. Recombination will now occur.

Streak the cultures with a loop (100 pl is sufficient) onto LB agar plates containing kanamycin
(15 g/ml) and ampicillin (100 g/ml). The plates should not contain tetracycline, otherwise the
Red/ET expression plasmid (pSC101-BAD-gbaA) will persist in the next step.

Incubate the plates at 37C overnight. The Red®/ET® expression plasmid (pSC101-BAD-
gbaA) will disappear at 37<C.

The ratio of induced to uninduced bacterial colonies should exceed 100 : 1.

Pick some colonies in 0.25 ml of LB with 100 mg/ml of Ampicillin and 30 ng/ml of Kanamycin,
culture them for 5 hours or over night at 37<C to p repare DNA for analytical purposes (s. below).

Add 250 | of buffer P2 and mix by inverting the tube.
Add 250 | of buffer P3 and mix by inverting the tube.
Spin down the white lysate at highest speed for 5 min.
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17. Transfer the clear supernatant into a new tube and add 600 | (or 0.8 volume) of 2-propanol.
18. Mix by inverting the tube and spin down the DNA for 5 min at high speed.

19. Discard the supernatant and add 1 ml of 70% ethanol to rinse the pellet (be careful not to lose
the small white pellet).

20. Clean the inner wall of the tube with a piece of tissue.

21. Dry the pellet under a speed vacuum for 2 min or 5-10 min in a heating block.
22. Suspend the pellet in 8 ul of 10mM Tris, pH8.0 buffer.

23. Transfer 5 m of the DNA solution into a new tube.

24. Set up a digestion with Hindlll (and RNAse A) to confirm the successful recombination. Take
Plasmid pCDP3 as positive control.

(n+)x 2nm dH,0O

(n+)x 1n RNase buffer (10 ug/ml in H,O)
(n+)x 1m 10x Restriction enzyme buffer
(n+1)x0.2n Restriction enzyme (Hindlll)

25. Mix well and add 5m of above mix into each tube and incubate at 37°C for 1-2 hours.
26. Add 2 m of loading dye and load the reaction on a gel.

Site specific recombination to remove the selection marker

705-Cre plasmid is designed for use in Cre-mediated genomic manipulations. The plasmid has a
pSC101 origin which maintains low copy and replicate at 30°C. The plasmids will not propagate
and will get lost when incubated at 37°C. The expression of the Cre-recombinase is driven by the
thermosensitive promoter cI578 (I pr promoter). Therefore, the expression of Cre is repressed at
30°C and induced between 37-42°C. The plasmid is carrying a chloramphenicol resistance.

1. Combine from the correct clones the remaining plasmid DNA.
2. Thaw up frozen HS996 electro-competent cells on ice and chill an electroporation cuvette.

3. Mix 1 | of DNA mixture from step 1 and 1 m of 705-Cre, and place mixture into the chilled
electroporation cuvette with a 1 mm slit.

4. Electroporate at 1200 V, 10nF, 600 Ohms. This setting applies to an Eppendorf®
Electroporator 2510 using an electroporation cuvette with a slit of 1 mm. Other devices can be
used, but 1200V and a 5 ms pulse are recommended

5. Add 1 ml LB medium without antibiotics to the cuvette. Mix the cells carefully by pipetting up
and down and pipette back into the Eppendorf tube.

6. Incubate the culture at 30C, shaking for 60 min .

7. Streak the cultures with a loop (100 pl is sufficient) onto LB agar plates containing kanamycin
(15 g/ml) and Chloramphenicol (15 ng/ml).

8. Incubate the plates at 30T overnight.

9. Streak in addition the cultures with a loop (20 ul is sufficient) onto LB agar plates containing
kanamycin (15 g/ml) alone to obtain the intact targeting vector containing the loxP-PGK-neo-
loxP cassette. Incubate at 37<C.

10. Pick 10 colonies from the co-transformation plate and 2 from control plate and grow them in 0.4
ml of LB medium containing ampicillin (50 mg/ml) at 30°C for 2 hours.

11. Shift the temperature to 37°C and incubate overnight. During incubation at 37°C, Cre

recombinase will be expressed and recombine the loxP sites. In the same time, 705-Cre
plasmid will stop propagation.

12. Prepare plasmid DNA and digest part of the DNA to check the successful recombination by
comparing the restriction patterns (s. below).
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Verification of successfully modified plasmid

Transfer 150 ni of the overnight culture into a new tube.

Add 150 | of buffer P2 and mix by inverting the tube.

Add 150 | of buffer P3 and mix by inverting the tube.

Spin down the white lysate at highest speed for 5 min.

Transfer the clear supernatant into a new 1.5ml Eppendorf tube and add 400 | of 2-propanol.
Mix by inverting the tube and spin down the DNA for 5 min at highest speed.

Discard the supernatant and add 1 ml of 70% ethanol to rinse the pellet (be careful not to lose
the small white pellet).

Clean the inner wall of the tube with a piece of tissue.
9. Dry the pellet under the speed vacuum for 2 min or 5-10 min in a heating block.
10. While the DNA is drying prepare a master mix for the subsequent restriction digest (HindlII):

No aM~wDdDPE

©

(n+1)x 1.0 pl 10x restriction buffer (NEB2)
(n+1)x 1.0 ul RNase water 10 pug/ml
(n+1)x 0.2 pl restriction enzyme

(n+1)x 7.8puldH,0

(n+1)x 10.0 plin total

11. Mix well and carefully resuspend the dry DNA pellet in 10 m digestion mix. Incubate at 37°C for
1-2 hours.

12. Add 2pl of loading dye and run the samples on an agarose gel.

3.7.7 Application: Subcloning of a gene from BAC

In advance, prepare a linear vector DNA fragment (“minimal vector”) flanked by homology arms
corresponding to the gene you would like to subclone from the BAC. After transformation of your BAC
host cells with the Red/ET plasmid (pSC101-BAD-gbaA) as described in the Transformation protocol,
the fragment of choice can be subcloned into the linear vector in one step.

Before starting:

Chill dH,0 on ice for at least 2 hours (preferably overnight).
Chill electroporation cuvettes (1 mm).

Cool down an Eppendorf centrifuge to 2°C.

1. To start overnight cultures, pick colonies from the control plate (Hoxa BAC host with pSC101-
BAD-gbaA) and inoculate Eppendorf tubes containing 1.0 ml LB medium plus tetracycline (3
og/ml) and the appropriate antibiotics for the BAC [e.g. chloramphenicol (15 g/ml) for the
control]. Pick at least 10 colonies of each. (Puncture a hole in the lid for air). Incubate the
cultures while shaking at 30T overnight.

2. The next day, set up punctured Eppendorf tubes containing 1.4 ml fresh LB medium
conditioned with the same antibiotics as in step 1 and inoculate each with 30pl fresh overnight
culture. Incubate the tubes at 30T for 2 hours sha king at 1100 rpm until OD600 ~ 0.2.

Do not let them overgrow beyond the indicated OD600 of 0.2!
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3. Add 20 |10% L-arabinose to half of the tubes, giving a final concentration of 0.1%-0.2%. This
will induce the expression of recombinases. Don’t use D-arabinose. Leave the other tubes
without induction as negative controls. Incubate at 37<C, shaking, for 1 hour until OD600 ~ 0.35
- 0.4. Do not let them overgrow beyond the indicated OD of 0.4!

4. Prepare the cells for electroporation.

Centrifuge for 30 sec at 11,000 rpm in a cooled Eppendorf benchtop centrifuge (at < 2C).
Discard the supernatant by quickly tipping out the supernatant twice, and place the pellet on
ice. Resuspend the pellet with 1 ml chilled dH,O, pipetting up and down three times to mix the
suspension. Repeat the centrifugation and resuspend the cells again. Centrifuge and tip out the
supernatant once more; 20 to 30 | will be left in the tube with the pellet. Keep the tube on ice.

5. Add 1 1(0.2-0.3 g) of linear vector fragment with homology arms (PCR product) to the pellet
in the Eppendorf tube, and pipette the mixture into the chilled electroporation cuvette.

6. Electroporate at 1350 V, 10 F, 600 Ohms. This setting applies to an Eppendorf®
Electroporator 2510 using an electroporation cuvette with a slit of 1 mm. Other devices can be
used, but 1350V and a 5 ms pulse are recommended.

7. Add 1 ml LB medium without antibiotics to the cuvette. Mix the cells carefully by pipetting up
and down and pipette back into the Eppendorf tube. Incubate the cultures at 37<C with shaking
for 70 min. Recombination will now occur.

8. Streak the cultures with a loop (100 pl is sufficient) onto LB agar plates containing ampicillin
(100 g/ml). The plates should not contain tetracycline, otherwise the Red/ET Recombination
protein expression plasmid (pSC101-BAD-gbaA) will persist in the next step. Incubate the
plates at 37C overnight. The Red®/ET® recombinatio n protein expression plasmid (pSC101-
BAD-gbaA) will disappear at 37C. The ratio of correctly to incorrectly recombined BACs
should exceed 9:1.

Around 1,000 colonies per reaction can be regularly achieved.

9. Pick 12 colonies and grow them in 1 ml of LB medium containing ampicillin (50 ng/ml) over
night at 37<C.

10. Prepare plasmid DNA and analyze the clones by Bgl | digestion. The restriction pattern of
pSub-Hoxall for Bgl | is 7759bp, 3485bp, 1959bp, 1836bp, 1730bp, 692bp and 422bp.

3.7.8 Application: BAC vectors for lineage selection®

We would like to insert Puromycin IRES2 EGFP-SV40 polyA-Psy40e+SV40 ori-KanR/NeoR-HSV
TK polyA in the BAC in such a way that the ATG....NNN of the first exon of the marker gene we

intend to modifiy will be replaced with the ATG.... of puromyin coding sequence exactly in the right
frame.

Advantages of this Construct

This insertion will help us in the following way.

The Puromycin and EGFP will be following the promoter of the marker gene of our interest which is
differentially expressed. When the promoter is active during the differentiation process, then the
cells will Puromycin resistant and they will fluoresce in green. This will help us to localise the
expression of the gene in EBs and at one point, we can harvest only the Puromycin resistant cells
in which the promoter and hence the gene is active and will be studied more extensively.

The neo/Kan resistance gene following the SV40 promoter will be having the following advantages:

1. The expression of this gene provides the bacterial cells to be resistant to kanamycin. So,
positive clones will be kanamycin resistant and will be picked up relatively very easily.

2. During the transfection of the modified BAC constructs in ES cells, this gene will make the
transfected ES cells resistant to neomycin and hence the neomycin resistant clones are the
ones which harbour the BAC construct and easily picked by neomycin selection.

» Strategy proposed by University of Cologne (source: “Blue Print of BAC Modification Cassette Intending to
Use in Our Lab.” — “Design of the target construct”, WG. Prof. A. Sachinidis, University of Cologne)

© FunGenES Consortium Page 58



D10: Handbook of work methods (public version) FunGenES LSHG-CT-2003-503494
FGS-UKOE-D10-HANDBOOK-R2 04 March 2008

METHOD

Cloning of pPurolRES2 EGFP

1. The puromycin cassette was amplified from pIRESpuro3 by PCR with Pfu polymerase and
inserted at the blunt ended (klenowed) BamH1 site on MCS of pIRES2EGFP

2. Now this construct with puromycin inserted is called pPurolRES2EGFP.

3. The region spanning from the ATG of Puromycin to poly A of neomycin cassette in this vector
is around 3kb marked in blue line in the figure on the right side. This is the DNA segment, we
wish to put in BAC

ET subcloning

1. Since the DNA fragment we wish to put in BAC constructs is 3kb, PCR amplification for the
generation of this fragment with BAC homology arms is risky since there can be more possible
point mutations because of the limitations with PCR.

2. To rule out the possible point mutations in the targeting construct by PCR, GeneBridges is
suggesting to do a ET subcloning for the construction of the targeting vector.

3. Accordingly, the following construct was designed with 2 steps.

To generate the linear minimal vector with 2 homology arms corresponding to the
pPurolRES2EGFP vector. In between these plasmid arms, the homology arms will be
included for the later BAC madification step.

Then ET subcloning is performed with the generated linear minimal vector and the
pPurolRES2EGFP vector in E.coli by homologues recombination using the GeneBridges ET
subcloning protocol and the kits provided by them.

Generation of the linear minimal vector for ET subc  loning

Basically this is the PCR step to amplify p15A-amp from the template pACYC177 supplied by NEB
to get the amplified PCR products as substrates for the ET subcloning.

Primers to be used:

Primer 1
N40 N5g RS1 FP
Ng4o  The 50bp of the sequence following the poly A from pPurolRES2 EGFP
N5o0  The 50bp BAC homology arm that is distant from the promoter of the gene
to be modified
RS1 - A suitable restriction site for the later excision of the targeting frame from
the minimal vector.
FP The forward primer for the p15A-amp template
Primer 2

N4g N5g RS2 RP

N4o  The 40bp of the sequence starting from ATG of the puromycin cDNA of
PurolRES2EGFP frame from the vector pPurolRES2EGFP
N50  The 50bp BAC homology arm that comprises the part of
the promoter of the gene, the coding sequence of which should be
replaced withPurolRES2EGFP construct be modified. The sequence
should end with ATG of the gene's 1st exon. So, this sequence comprises
the 47bp upstream to ATG and includes ATG at the end. This is a total of
50bp.

RS2 -  The second suitable restriction site for the later excision of the targeting
frame from the minimal vector.
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RP The reverse primer for the p15A-amp template

ET subcloning

This step is to construct the minimal vector with the PurolRES2EGFP polyA SV40 kan®/Neo
polyA flanked on both ends with suitable restriction sites as given in the next page.

R

The template:
The pACYC177 template provided by New England Biolabs

ET Subcloning:
GeneBridges protocol for ET subcloning will be followed

The targeting construct

poby A

pIRESZ-EGFP
53 kb EGFP
Kan?
Moo’
VA0 ori SWan
P f Poly A

5o
5

P ari
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3.7.9 Application: Electroporation of BAC DNA into ES cells®®

MATERIAL

Buffers and Solutions

PBS (w/o Ca®*/Mg®") (Invitrogen, cat. no. 14190-094)
Trypsin/EDTA (Invitrogen, cat. no. 25300-054)

Blasticidin, 50mg/ml (Invitrogen, cat. no. R210-01)
Geneticin (G418) 50mg/ml (Invitrogen, cat. no. 10131)
ES cell medium supplemented with LIF

Disposables

15ml Falcon tubes (Falcon, cat. no. 35-2097)

50ml Falcon Tubes (Falcon, cat. no. 35-2098)
Electroporation cuvettes (Bio-Rad, cat. no. 165-2088)
Cell culture dishes ££6cm (Nunc, cat. no. 150288
5ml pipettes (Sarstedt/ Merck, cat. no. 35-6543)

10ml pipettes (Sarstedt/ Merck, cat. no. 35-6551)
Cell counting chamber (Neubauer/ Merck)

Cells

Exponentially growing culture of early-passage CGRS8 cells. For one transfection 1.4x10" cell are
used. This is equivalent to two 60-80% confluent /£L0cm cell culture dishes.
DNA preparation

80-100pg CsCl purified linearized BAC DNA in TE. After linearization BAC DNA should be purified
by phenol/chloroform extraction and ethanol precipitation.

METHOD

1. Begin with an exponentially growing culture of early-passage ES cells. Change the medium
~3hours before harvesting the cells.

2. Trypsinize the cells, add ES cell culture medium with serum to inhibit the action of the
trypsin, and pipette the cells up and down to produce a single-cell suspension.

3. Centrifuge the cells gently to pellet (1000rpm for 5min), wash once with PBS and
resuspend as a single-cell suspension at a density of ~1,4 x10 cells/ml in Ca®*/Mg**-free
PBS.

4. For each electroporation, place 700ul of the cell suspension in a 0.4cm wide sterile,
cuvette (Bio-Rad 165-2088). Add 80-100ug of linear BAC DNA dissolved in 100ul TE and
mix well.

5. Leave cuvette with cells and DNA on ice for 5 minutes.

6. Apply a single pulse to the cells (Biorad Gene Pulser Xcell System, cat. n0.165-2661 or
equivalent electroporation unit). Conditions for a typical single pulse are 250V, 500uF.
(Alternatively, 800V, 3uF has been used successfully.) Approximately 50% cell death is to
be expected with optimal transfection efficiency.

7. Leave cells 15-20min on ice.

8. Resuspend cells in 25 ml prewarmed ES cell medium. Be sure to rinse the cuvette to

recover all of the cells.

% Contributed by Tobias Nolden, Max-Planck-Institute for Molecular Medicine, Berlin, Germany
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9. Plate cells at a density of ~2x10° cells per gelatinized 6cm plate in 5 ml nonselective ES
cell medium (5 dishes).

10. Start drug selection 24 hours after electroporation. Change media every day. For selection
of neo” ES cells use 400pg/ml Geneticin, for bsd® ES cells use 5ug/ml BSD.

11. Pick ES cells when colonies appear (after 6-8days of selection).
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3.8 How to identify a BAC clone with a specific gene of
interest”’

1) Goto
www.ensembl.org

2) Click on "Mouse"

3) Type in the gene
of interest
(e.g. otx2)

%" Contributed by Francis Stewart, Technical University Dresden, Germany

© FunGenES Consortium Page 63



D10: Handbook of work methods (public version) FunGenES LSHG-CT-2003-503494
FGS-UKOE-D10-HANDBOOK-R2 04 March 2008

4) Click on "gene is
located in sequence”

5) Locate the otx2
gene.

Compare the
location of otx2 with
the BAC clone
annotation at the
bottom.

Identify the BAC
clone with the region
of interest (clone
RPCI23-153H20)

6) Order the clone
online at
resgenorders@invitr
ogen.com

Invitrogen does not
carry the library
RPCI24, only RPCI
23.
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3.9 Methods for detecting DNA binding proteins

3.9.1 Chromatin Immunoprecipitation (Protocol 1) ?®

MATERIAL

Phosphate buffered saline (PBS): 140 mM NaC1, 2.5 mM KC1, 8.1 mM Na,HPOQy,,
Crosslinking solution: 37% formaldehyde
Quenching solution: 2.5 M (w/v) glycine (Sigma) in PBS

RIPA buffer:

50 mM HEPES pH 7.5,

1 mM EDTA

140mM NacCl,

1% Triton X100

0.1% (w/v) Sodium Deoxycholate

Protease Inhbitor : Benzamidine (stock 500mM, final concentration is 5mM), Complete™ protease
inhibitor (Roche)

Antibodies
protein G-sepharose beads in PBS (Roche)
TE: 10 mM Tris/HCI pH 8.0, | mM EDTA

Wash bufferl:

50 mM HEPES pH 7.5,

1 mM EDTA

500 mM NacCl,

1% Triton X100

0.1% (w/v) Sodium Deoxycholate

Wash buffer2:

10mM Tris/HCI pH 8.0

0.25M LiCl

0.5% NP-40

0.5% (w/v) sodium Deoxycholate
1mM EDTA

Elution buffer:

50mM Tris/HCI pH8.0
10mM EDTA

1% (w/v) SDS

LiCl solution:
5M LiCl
5mM Tris/HCI pH 8.0

8 Contributed by Shuhua Chen, University of Koeln, Koeln, Germany
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20 mg/ml Proteinase K
glycogen (Img/ml)

Phenol:chloroform:isoamyl alcohol 25:24:1
100% and 70% Ethanol (-20C)

Before starting, pre-cool the centrifuges to 4C, place PBS, RIPA, proteinase inhibitor (Complex
and Benzamidine) on ice.

METHODS

1. Harvest 5 x 10% cells by centrifuging at 1000rpm 5 min. and resuspend them in 48ml| PBS.

2. Add 1.39 ml of 37% formaldehyde solution (final concentration formaldehyde 1%) to the 50 ml
cell resuspension. Mix rapidly and incubate for 10 min. at RT with agitation.

3. Quench the crosslinking reaction by adding 2.5 ml quenching solution (final concentration is
125mM). Continue incubation for about 5 min. at RT with agitation.

4. Centrifuge the cells down with 4000rpm for 5 min. and discard the medium.

5. Wash once with 25ml ice-cold PBS, centrifuge with the same condition as last step.

6. Re-suspend the pellet with 700m RIPA buffer containing proteinase inhibitors (Benzamidine
(5mM), Complete™ protease inhibitor (Roche).

7. Lyse cells: Resuspend cell pellet gently with a pipette in 10ml RIPA buffer with protease
inhibitors and incubate on ice for 30min. Further disrupt cells by passing them through a 21
guage needle. Add 100m 10mg/ml PMSF and incubate on ice for another 30min. Transfer
lysate to 2ml microcentrifuge tubes (1ml lysate/tube).

9. Re-suspend the cell lysate and ready for sonication.

10.Sonication, in the beginning, one can transfer the samples to a 15ml falcon tube to avoid spill
out. With the output of 30% for 10 seconds, 3 times with 30 seconds interval to cool down
samples.

11.Centrifuge the samples with 13,000rpm, for 30 minutes at 4 degree.

12.Transfer the supernatant to a clean eppendorf tube. This is called whole cell extract (WCE).
Take out 30ni from it and keep for input control. The rest is for chromatin IP test.

13.To reduce non-specific background, pre-clear the WCE with 50 m of CL4B beads suspension

(CL4B beads are kept in PBS and 0.01% sodium azide, one can stir the surface of the beads
and take suspension) for 30 min at 4 degree on a rotating wheel.

14.Pellet the CL4B beads for 5 min at 8000rpm (eppendorf bench centrifuge) and collect the
supernatant.

15.Add 1ng antibody to the pre-cleared crude extracts, label these tubes as “IP”. Incubate for 3
hours at 4 degree on a rotating wheel.

16.Meanwhile equilibrate the protein G beads. Use 20 m of 50% protein G sepharose suspension
per sample analyzed. Rinse the protein G beads two times in 1ml TE and collect them at each
washing step by a 5 min. centrifugation at 8000 rpm with eppendorf bench centrifuge.

17.Add 20m protein G beads suspension to the crude extract-antibody solution and further incubate
for 1 hour at 4C.

18.Pellet down the beads with 8000rpm for 5min. (Eppendorf, bench centrifuge). Keep the
supernatant for checking IP efficiency.

19.Wash the pellet by adding 500 m RIPA buffer contained proteinase inhibitor (lysis buffer). Place
it on rotating wheels for 20 min.

20.Centrifuge down the pellet by 8000rpm for 5 min. Discard the supernatant. Add 500m wash
buffer 1. Place it on rotating wheels for 20 min.
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21.Centrifuge down the pellet by 8000rpm for 5 min. Discard the supernatant. Add 500m wash
buffer 2. Place it on rotating wheels for 20 min.

22.Centrifuge down the pellet by 8000rpm for 5 min. add 500 M TE. Discard the supernatant.
Place it on rotating wheels for 20 min.

23.Add 100m elution buffer and incubate at 65C for 15 min. to elute the Ag-Ab from protein G
beads.

24.Centrifuge down the pellet by 8000rpm for 5 min. Transfer the supernatant to a fresh tube and
incubate at 65T for overnight.

25.Allow the sample to cool and collect the condensate at the lid of the tubes by brief
centrifugation.

26.Add 2ni stock glycogen (1mg/ml), 5m proteinase K (from stock 20mg/ml) and 120 m TE.
Incubate at 37<C for 1 hour.

27.Add 25ni 5M LiCl solution and 250 m Phenol:chloroform:isoamyl alcohol in each tube, vortex 10
sec.

28.Centrifuge 13,000 rpm for 10 min. with bench centrifuge.

29.Transfer the water phase to a new tube, and add 750n absolute ethanol.

30.Incubate at -20C for 20 min.

31.Pellet the nucleic acids by centrifugation for 30 min at 13,000rpm with bench centrifuge.

32.Remove the supernatant and wash pellet once with 1 ml 70% ethanol, spin again for 5 min. at
13,000 rpm.

33.Discard the 70% ethanol and air-dry.

34.Re-suspend pellet in 100 m of TE. Store at -20C. DNA is ready for checking with real time
PCR.

3.9.2 Chromatin Immunoprecipitation (Protocol I1) %

Materials

2XRIPA wash : 2% Triton X-100, 0,2% DOC, 0,2 SDS, 1M NaCl, 2mM PMSF
2XRIPA: 2% Triton X-100, 0,2% DOC, 280mM NaCl, 2mM PMSF

Lysis Buffer : 1% SDS, 10mM EDTA, 50mM Tris P.H. 8, 1ImM PMSF

T.E. buffer : 10mM Tris P.H. 8, 1ImM EDTA.

Beads: protein G agarose, UPSTATE

Day 1:

A. Chromatin preparation
For ES cells

1. Start with 100mm plates containing approximately 10° cells. Fix cells by adding 1%
formaldehyde directly into the medium. Inubate for 15’ at room temperature.

# Contributed by E. Karantzali and A. Kretsovali, Institute of Molecular Biology and Biotechnology,
Heraklion, Greece
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2. Stop the cross-linking reaction by adding 0.125mM glycine.

3. Remove medium and wash once with 10 ml PBS supplemented with 1ImM PMSF. Scrape
cells with a rubber policeman and wash two more times with PBS/PMSF. Centrifuge cells
at 1500rpm for 5’ at 4°c.

4. Add lysis buffer (100ul/10° cells) containing 1mM PMSF and incubate for 10’ in ice.

5. Sonicate samples for 5 repeated times of 45" at 50-70% of intensity (sonics, vibra cell,
model VC 130PB), varying according to volume conditions.

6. Centrifuge samples at 14.000 rpm for 15’ at 4°C and keep supernatant.

7. Split the supernatant in 200ul aliquots and store at -80°C.

For embryoid bodies

1.

w

o

Day 2

For equivalent amounts of cells, use 12 plates (each plate containing approximately 150
EBs coming from 3 lids of hanging drops) for 4-day EBs and 6 plates for 8-day EBs. Collect
EBs in a falcon tube, add 1% formaldehyde and incubate for 15’ at room temperature by
mixing gently every 2-3 minutes.

Stop the cross-linking reaction by adding 0.125mM glycine.

Remove medium and wash three times with 10 ml PBS supplemented with 1ImM PMSF.
Do not centrifuge, allow EBs to drop by gravity.

Add lysis buffer (100u|/106 cells) containing 1ImM PMSF and incubate for 10’ in ice.

Sonicate samples for 5 repeated times of 45" at 50-70% of intensity (sonics, vibra cell,
model VC 130PB), varying according to volume conditions.

Centrifuge samples at 14.000 rpm for 15’ at 4°C and keep supernatant.
Split the supernatant in 200ul aliquots and store at -80°C.

Chromatin immunoprecipitation

Mix 50ul chromatin, 250ul 2xRIPA buffer, 200ul H,0, 1ImM PMSF and ~5ug
of antibody.

Rotate O/N at 4°C.

Keep 10ul from each chromatin as INPUT.

Blocking of beads

Use 20ul of beads for each sample. Wash three times with 1xRIPA buffer supplemented
with ImM PMSF. Centrifuge at 6.000rpm for 1’ at 4°C in rotation.

For every 20 ul of beads add 100ug BSA, 10ug salmon sperm DNA, 50ul 2xRIPA buffer,
20ul H20, 1mM PMSF. Incubate O/N at 4°C in rotation.

Mix each chromatin sample with 100ul of beads. Incubate for 3h at 4°C in rotation.
Wash 6 times with 1ml 1xRIPA wash buffer. Centrifuge at 6.000 rpm for 1’ at 4°C.

Add 95,5ul TE buffer, 2,5ul SDS 20% and 20ul proteinase K (10mg/ml). Add the same
amount to INPUTS.
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4. Incubate for 3h at 55°C and O/N at 65°C.

Day 4

1. Add 100ul of phenol and vortex. Centrifuge at 14.000 rpm for 10’ at room temperature.

2. Keep the upper phase and add 100ul of chloroform. Centrifuge at 14.000 rpm for 10’ at
room temperature.

3. Keep the upper phase and add 1/10 of the volume CH;COONa (3M, P.H 5.2) and 1/100 of
the volume glycogen (20mg/ul). Mix well and add 2V of ethanol.

4. Incubate for 10’ at -80°C and centrifuge for 10 minutes at 14.000rpm at 4°C.

5. Remove the supernatant and resuspend the sample pellet in 50ul of T.E. buffer and the
INPUT pellet at 250ul of T.E. Store samples at -20°C.

6. Use 5ul of sample for each PCR reaction.

3.9.3 Real Time Quantitative PCR*

MATERIAL

Primers:Ordered from Applied Biosystem

Otherwise when designing new primer pairs, check the conditions for a primer pair: no primer
dimmers; Minimal propensity of 3' annealing dimer (delta G not below —1.9kcal/mol); Td(using the
nearest neighbor method) of 67+/-1 degree; PCR products has a length of about 80-110bp (optimal
condition) when not possible, the length of products are not longer than 300bp.

TagMan Universal PCR Master Mix (2x), No AmpErase UNG
METHODS

All the steps are done on ice.

Make a plan on PCR plates. Prepare right volume of reaction mix. Calculate 10% more than
needed.

1. Prepare reaction mix

cDNA+RNase-free water: 9.0m

TagMan Gene Expression Assay (20x): 1.0 m

TagMan Fast Universal PCR Master mix

(2x), No AmpErase UNG: 10.0 m
200 m

2.Seal the plates well. Centrifuge the plate with 900g for 30 sec.
3.Set up a new plate document. Determine each well’'s task as Target or Endogous control as well
as the detector.

% Contributed by Shuhua Chen, University of Koeln, Koeln, Germany
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4. Running program:
stepl 95 degree 20sec
step2 95 degree 3 sec
step3 60 degree 30sec
step 2 to 3 for 40 cycles

6. Select the filter A and D (at least) for expert model on ABI 7500 Fast Real Time PCR system.
7. Analysis of data

Calculations are based on Ct numbers. The program calculates each set of mean Ct and its
standard deviation.

Formulars for further calculation:

Enrichment of the protein =2 (Ctbkg'Ctlp)
Standard deviation =EnrichmentIn2*SQRT(SQ(SDip)+SQ(SDhig))

*--times

Ct—Average Ct numbers of each sample
SD—standard deviation
IP—immunoprecipitation sample
bkg—background samples (without antibody)
SQ: square

SQRT: square root

3.10 Lentiviral knockdown of gene expression in ES cells®

INTRODUCTION

The described procedure aims to generate lentiviral vectors suitable for stable RNA interference,
then to knockdown gene expression in ES cells and to analyse knockdown effects on self-renewal
in a clonal assay.

MATERIAL

CGRS8 ES cell line (ECACC 95011018)
293FT cell line (Invitrogen, R700-07)

31 Contributed by INS, Iréne Aksoy
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G418 (Sigma, Ref. A1720)

BLOCK-iT™ U6 RNAi Entry Vector Kit (Invitrogen, Ref. K4944-00)
BLOCK-iT™ lentiviral RNAi Expression System (Invitrogen, Ref. K4945-00)
LipofectaminewI 2000 Reagent (Invitrogen, Ref. 11668)
Opti-MEM® | Reduced Serum Medium (Invitrogen, Ref. 31985)
Naphtol AS-MX phosphate (Sigma, Ref. N4875)

Fast Red TR saltTM (Sigma, Ref. F2768)

QIlAprep Spin Miniprep Kit (Qiagen, Ref. 27106)

GMEM (Glasgow-MEM)-BHK21 (Invitrogen, Ref. 21710025)
DMEM (Dubbelco’s-MEM) (Invitrogen, Ref. 41966052)
Non-essential amino-acids (Invitrogen, Ref. 11140035)

Sodium Pyruvate (Invitrogen, Ref. 11360039)

b-mercaptoethanol (Invitrogen, Ref. 31350010)
Penicilin-Streptomycin-Glutamine (Invitrogen, Ref. 10378016)

METHODS

| - Vector construction

A — Design of single-stranded DNA oligonucleotides

siDesignO center (www.dharmacon.com) was used to design the shRNA sequences.
Characteristics of sShRNA sequences are as follows :

- 19 nucleotides
- target coding region
- GC content of 35-55%

Select sequences with best results according to the statistial test. Perform a blast analysis to
ensure that the chosen sequences are unique in the genome. Design three to five shRNA
sequence for each gene.

To insert coding sequences of shRNAs into the pENTRTM/UG vector, oligonucleotides are designed
as described below :

Top strand :
loop

5" — CACC-G-sense target sequence-TTCAAGAGA -antisense target sequence — 3’

sequence required for

cloning

G must be added if the target sequence does not start with G (transcription of the U6 snRNA
initiates at a G)

Bottom strand :

5 — AAAA -reverse complement of top strand oligo sequence-C-3
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C must be added at the end if a G is present in the top strand oligonucleotide sequence.

B — Generation of double-stranded oligonucleotides (ds-oligo)

Sense and antisense oligonucleotides are annealed according to the following protocol :

1. In a 0.5 ml sterile microcentrifuge tube, set up the following annealing reaction at room
temperature :

Reagent Amount

Top strand DNA oligo (200nmM) 5n
Bottom strand DNA oligo (200niM) | 5 ni

10x Oligo Annealing Buffer 2n
Dnase/Rnase-Free water 8Sm
Total volume 20 i

2. Incubate the reaction at 95T for 4 minutes on a heat block.

3. Shut down the heat block and let the temperature cooling down to 25C — 30T to allow single-
stranded oligonucleotides to anneal.

4. Centrifuge briefly and mix gently.

5. Dilute the 50 nM ds-oligo mixture 100-fold into Dnase/Rnase-free water to obtain a final
concentration of 500 nM (0.5 m of 50 nM ds-oligo mixture into 49.5 ni Dnase/Rnase-free water).
Vortex to mix thoroughly.

6. Dilute the 500 nM ds-oligo mixture 100-fold into 1x Oligo Annealing Buffer to obtain a final
concentration of 5 nM. Vortex to mix thoroughly.

ds-oligo stocks should be stored at —20<C.

C — Cloning ds-oligo into pENTR™/U6 vector

Ligation

1. Set up a 10 i ligation reaction at room temperature in the following order :

Reagents Amount
5x Ligation Buffer 2m
pENTR™/U6 DNA (0.5 ng/ni linearized DNA , supplied with the kit , thaw on ice before |1 ni
use) 0.5m
ds oligo (5nM = 1/10,000 dilution) 6 ni
Dnase/Rnase-free water 05ni

T4 DNA Ligase (1 U/ni, supplied with the kit)
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Total volume 10 m

2. Mix the reaction well by pipetting up and down, do not vortex.
3. Incubate 1-2 hours at room temperature (you may store the ligation reaction at —20°C overnight).

Tranformation of One Shot TOP10 chemically competent E.coli

1. Add 1.5 m of the ligation reaction to 25 ml of One Shot TOP10 chemically competent E.coli
(thawed on ice) and mix gently.

2. Incubate on ice for 5 to 30 minutes.

3. Heat-shock the cells for 45 seconds at 42C (do not shake) and immediatly transfer the tubes on
ice.

4. Add 150 n of S.0.C. medium at room temperature.
5. Cap the tube gently and shake the tube horizontally at 37<C for at least 1 hour.

6. Spread all the transformation reaction on a LB agar plate containing 50 ng/ml kanamycin and
incubate overnight at 37<C.

Analysis of transformants

1. Pick 3-5 kanamycin-resistant colonies and culture them overnight in 4 ml LB medium containing
50 nmg/ml kanamycin.

2. Isolate plasmid DNA with the QIAprep Spin Miniprep Kit

3. Verify the plasmid by digestion of 300 ng of DNA with Pvull restriction enzyme (fragments
expected : 1942 bp and 912 bp).

4. Sequence 3-5 pENTRTM/U6-dsOIigo clones to verify the orientation and the sequence of the ds-
oligo insert. Use the U6 Forward and/or M13 Reverse primers for sequencing :

Primer Sequence
U6 Forward 5-GGACTATCATATGCTTACCG-3
V5(C-term) Reverse | 5-ACCGAGGAGAGGGTTAGGGAT-3’

5. Amplify the selected pENTR™/U6-dsOligo clone by maxipreparation of your choice.

D — Transfection of pENTR™/U6-dsOligo vectors into ES cells to assess interference

1. Mix 2.5 ng of pPENTR™/U6-dsOligo DNA + 250 m Opti-MEM ( solution A)
Mix 7.5 m Lipofectamine 2000 + 250 m OptiMEM (  solution B)

2. Incubate 5 minutes at room temperature

3. Mix solution A and B and incubate 20 minutes at room temperature

4. Remove gelatine from 6-well plates. Add 1.10"6 ES cells in 1 ml of medium (without antibiotics)
to each well. Add the DNA/Lipofectamine mixture (500 pl) and incubate overnight

5. Refeed with ES cell medium and incubate 24 hours
5. Scrapp the cells off the wells and pellet by centrifugation
6. Analyse expression by semi-quantitative or real-time PCR.
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E - Construction of pLenti/BLOCK-iT-DEST vectors

The procedure consists in a recombination reaction between the pENTRTM/U6 clone and the empty
pLenti/BLOCK-iT-DEST vector.

1. Add the following components to 0.5 ml microcentrifue tubes at room temperature :

Component Sample
pENTR™/U6-dsOligo DNA (50 ng/m) im
pLenti/BLOCK-iT-DEST vector DNA (75 ng/ ) | 1 m
Tris 10mM, EDTA 1mM, pH 8.0 (TE) 2m

2. Remove the LR Clonase Il enzyme mix from - 80°C and thaw on ice ( + 2 minutes )
3. Vortex the LR Clonase Il enzyme twice briefly (2 seconds each time).

4. Add 1 m of LR Clonase II. Mix well by pipetting up and down

5. Incubate the reaction overnight at room temperature

6. Add 1 nm of 10 mg/ml Proteinase K and incubate for 10 minutes at 37C

7. Transform One Shot Stbl3 TM Competent E.Coli :

a. Add 1.5 nl of the LR recombination reaction to 25 m of One Shot StbI3 chemically
competent E. coli (thaw on ice) and mix gently

b. Incubate on ice for 30 minutes

c. Heat-shock the cells for 45 seconds at 42T (do not shake) and immediatly transfer the
tubes on ice for 2 minutes.

d. Add 150 ni of pre-warmed S.O.C. medium.
e. Cap the tube gently and shake the tube horizontally at 37<C for 1 hour.

f. Spread all the LR recombination reaction on a LB agar plate containing 100 ng/ml
ampicillin and incubate overnight at 37C

8. Analyse at least 4 transformants with the minipreparation kit of your choice by digesting plasmid
with EcoRlI restriction enzyme. Fragment expected : 8676 bp

9. Sequencing the construct is not required. However, if you wish to sequence it, use the U6
Forward and/or V5(C-term) Reverse primers.

Il - Production of lentivirus, infection of ES cells and clonal assay

A — Production of lentivirus by transient transfection of 293FT cells

1. Mix 0.5 g of pLenti/BLOCK-iT-DEST-shRNA vector + 1.5 ng Viral packaging mix + 250 m Opti-
MEM (Solution A)

Mix 6 m Lipofectamine 2000 + 250 m Optimem (Solution B)
Incubate Solution A and Solution B 5 minutes at room temperature
2. Mix solution A + B and incubate 20 minutes at room temperature

3. Remove gelatine from 6-well plates. Add 1.1076 293FT cells in 1 ml of medium (without
antibiotics) to each well. Add the DNA/Lipofectamine mixture (500 ul) and incubate overnight
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4. Refeed the cells with 293FT medium supplemented with ImM Sodium Pyruvate and incubate 24
hours.

6. Collect supernatant, centrifuge at 3000 rpm for 5 minutes at +4<C to pellet cell debris. Use the
supernatants for infection of target cells within 4 hours following harvesting.

B — Infection of CGR8 ES cells and antibiotic selection of infected cells

1. Prepare a cell suspension containing 100,000 CGR8 ES cells/ml
2. Remove gelatin from 24-well plates

3. Add 100 m of cell suspension (10,000 ES cells) to 900 m of viral supernatant, and incubate 24
hours

4. Refeed with complete medium and incubate 24 hours
5. Trypsinize the cells and replate at a density of 1,000 cells/10 cm dish. Incubate for 24 hours
6. Add 250 ng/ml G418 and further incubate for 7 days to Kill all non infected cells

C — Self-renewal assay

Alkaline phosphatase staining :

Wash dishes twice with PBS 1X
Fix cells 30 minutes with methanol.
Aspirate and allow to air dry.

Per 10ml buffer (0.1M Tris, pH 9.2), add 2 mg Naphtol AS-MX phosphate and dissolve.
Add 10 mg Fast Red TR salt™ and dissolve ( final concentrations : Naphtol, 200 ng/ml ;
Fast Red, 1 mg/ml)

Add 8ml per dish and incubate for 10-15 minutes

6. To stop reaction rinse cells twice with distillated water and air dry.

7. Analyse the morphology of the colonies by microscope inspection and classify them as
(Figure 1) :

- undifferentiated colonies (AP +): they stain red and retain a compact and largely
spherical appearance

- differentiated colonies (AP -) : they stain white and are composed of flat cells.

- mixed colonies (AP+/AP-) : they stain red in the center (undifferentiated cells) and white in
the periphery (differentiated cells)

ApwbdPE

o
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Figure 1 : Picture of ES cell colonies after staining for alkaline phosphatase activity. U =
undifferentiated , M : mixed and D : differentiated colonies.
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4 Conclusion

In this Handbook several techniques optimized and applicable for the embryonic stem cell field are
collected. It contains optimal culturing and differentiation protocols, techniques for generation of
cellular and molecular tools required for transgenic ES cell lines, methods for “loss of function” and
“gain of function” studies on ES cells and finally optimised protocols for large scale DNA array
expression studies on ES cells.

These protocols and techniques are standardised and optimised according to the long-term
working experience of the experts of the FunGenES partners and to standard operation procedure
(SOP).

The Handbook defines a platform for consistent reproducible studies in the ES field and may
contribute to get reliable findings and to avoid unnecessary repetitive work .

ES cell research is a rapidly developing field. Novel and improved methods are coming in very
short time periods. By means of this handbook, we are happy to contribute to the development of
the embryonic stem cell field in order to utilize this knowledge for future stem cell-based therapy of
degenerative severe diseases such as neuronal and cardiovascular diseases.
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