Protocol for culture and differentiation mouse embryonic stem cells (ESC)
An Xie 07/01/2018
1. Culture of ES cells
1). 1st day:   Plating of PMEF feeder layer
A. Recovery of 1 vial of frozen cells (-80C or liquid nitrogen tank) into 6 (35mm) 0.1% gelatin T25 flask.
- Thawing: Rapidly thaw the vial in 36C water bath (or palm hand). 10 ml warm DMEM 15% media (see part 6) was used and cells were transferred into tube with medium and mixed.
- Cells were centrifuged at ~1000xg for 5min.
- The media was aspirated and the cell pellet was resuspended in 6 ml medium.
- 1ml cells were then transferred to each plate (35 mm) and 1.5 ml media was added. The plates were mixed with gently movement. Total 10ml will added to T25 flask
- 2 plates were placed in incubator (37C, 5% CO2).
2) 2nd day: 
- If the confluence of feed cells is less than 95%, trypsinized (4 min) the cells again (35mm dish: 0.5-0.75 ml/trypsin or ~10,000 cells, T25: 1.5 ml/trypsin or ~25,000 cells, T75: 3 ml).
-One vial of R1 ES cells from cryo stored in liquid nitrogen tank (shelf 1, layer 3) was thawed. 10 ml warm DMEM 15% medium was used and cells were transferred into tube with medium and mixed.
-Spin down occurred @ 500-1000xg / 5min.
-Resuspended gently in 3 ml DMEM 15% medium.
-Added to feeder cell plate (Before adding ES cells, washes plate 2 times by KO-medium (2x-2ml).). Add LIF 5 µl/ml only to ES cells from 2nd day. LIF was thawed and held on ice. It was then added @ 6 l/ml in 2 ml per dish.
-Cells evaluated on 3rd day and many typical cell masses were seen attached to the feeder layer.
-The cells were washed with medium (2x-2ml, DMEM 15% media) and media was added. Add LIF 5 µl/ml only to ES cells.
I ml of LIF in 49 ml DMEM, stored as 1ml aliquot @-20oC.
3) 4th day.
-Splitting ES cells. Add LIF 5-6 µl/ml only to ES cells.
Trypsinized (4 min) the ES cells (35mm dish: 0.5 ml, T25: 1.5 ml, T75: 3 ml, 4 min). 10xdiluted by media. 1.2-1.3x106 cells (for T50 thaw) will be frozen into one vial. 
5rd day The cells were washed with medium

4) 6th day (until get enough cells): 
- Begin differentiation or slitting once more.





2. Differentiation of ES cells
6th day.Trypsinized (5 min) the ES cells (35mm dish: 0.5-0.75 ml, T25: 1.5-2 ml, T75: 3 ml, 4 min). 10xdiluted by media.
~250,000 cells were moved from the total and placed in a round bottom sterile tube (BD Falcon, 352063 -5 ml or 352018-14 ml, 25,000X1 or 25,000X2 cells/ml).
And Iscove 20% medium was added to a final volume of 10 ml and hanging drops was carried out on the lid of 3 100mm Petri dishes (not Petri culture dishes). 

- Use Finnpipette (Thermolabsystem ) N80605 (4540) for 20 l (~500    
   cells) setting of 2. Stepper tips: 0.5 ml tip (702384. PD-tips, BRAND).
   USA Scientific (usascientific.com, 800-522-8477, Item No.: 4784-0050 for  
   Manual repeating pipet, Item No.: 4736-8025)
	- 10 ml sterile PBS was placed in the bottom of each dishes.
	- 20 l drops spaced to the cover upside-down lid-spacing important.
	- Turned onto the plate and placed into incubator.

8th day.
- The cells previously prepared in hanging drops (5 large Petri dishes) were   washed from the lids by using 7 ml warm Iscove medium (2 ml was added to the fresh dishes and only 5 ml was used to wash hanging drops) and transferred to additional Petri dishes (100 mm). Tilting angle should be less than 15º to prevent media overflowing during washing hanging drops from the cover lid of Petri dish.
- The only interesting point is to completely as possible recover the small cell colonies without significant loss. 
- The colonies will normally tend to collected at the interface of medium and air and should be visualized and carefully drawn up and transferred to the fresh Petri dishes.
- Swirl to collect in the center of the plate is desirable. But close proximity is not desired.
	
12th day. Change media
15th day. Change media
17th day. Change media
19th day. Change media
21th day. Change media


day 7- post hanging drop and the beginning of plating
	- Move the each plate to a fresh gelatin-coated 60 mm tissue culture plate (part 6).
 0.1% gelatin coated at lest 30min. Aspire gelatin solution. Add 4-5 ml 20%  
 Iscove media. Swirl 100mm Petri dish to gather EBs into the center of dish. Then 
 move EBs to 60 mm dish by 5 ml pipette. Shake to spread EBs evenly distributed 
 to the bottom of dish.
	- Don’t move for 3 days. Then exam for beating.
- Beating/ Contraction of cells were in 10-20 of EBs on day 7- post hanging drop production.
- On day 7 plus 1. Several contracting EBs were identified.
- On day 8 ( 7 plus 1). The medium was changed in the AM and ~ 4hrs later 

3. Isolation of ES cells-Derived Cardiac Cells
  Isolation of ES cells-Derived Cardiac Cells started at Monday (16 days after plating.

-Isolated the beating areas of EBs (n=5-10) mechanically using a microscapel under an inverted microscope.  And collected EBs in a 15 ml tube and allowed to settle down following a brief gentle trituration by using a 1 ml tips with pipette.  

- The Iscove medium was carefully aspirated and 5 ml PBS was added with minimal pipetting to wash.
-  Again the cells were allowed to settle down. 
- Centrifuged at ~1000xg for 1 min and aspirate the supernatant.
- Collagenase B (total volum from previously prepared tube ~ 200 l) was added.
- The cells were placed at 37C water bath.
- After 15 min of incubation, the cells were dissociated with a gentle flicking of the tube and the cells were placed back in the 37C water bath.
- 5 min prior to the end of the desired incubation period of 25 min, the cells were centrifuged for 1 min at 1000xg.
- The solution was aspirated and pellet was resuspended in the total volume (previously frozen aliquot) ~ 200 l of KB medium. Incubated with mixing for ~ 90 min at 37C.
- The complete manipulation of cells was carried out in the same 15 ml tube.
- Finally, 6 ml Iscove medium was added and the total volume was pipetted up and down  for several times. And plated on 12 Petri dishes (0.5 ml volume each).
- The medium was changed at the next morning to remove cell debris.
- The cells can be used to record from 18-20 days after hanging drop.

-On Tuesday, the remaining 3 petri dishes of isolated EBs were processed as described above except that recovery period in the KB medium was extended to 90 min. The medium was changed 4 hr later and the cells were held until Friday.



4. Feeder
: Primary mouse embryo fibroblast
http://www.millipore.com/catalogue/item/pmef-n
Ordering Information
· Catalogue Number : PMEF-N
· Qty/Pk : 5 vials
EmbryoMax® Primary Mouse Embryo Fibroblasts, Neo Resistant, Strain FVB, passage 3
Description: 
EmbryoMax® Primary Mouse Embryo Fibroblasts, Neo Resistant, Strain FVB, passage 3
Product Overview: 
PMEF feeders are treated with Mitomycin-C and can be directly plated onto gelatin coated (See ES-006-B) culture vessels. 
PMEF's Neo Resistant - Mitomycin C treated


Mitomycin C (M4287-2mg, sigma) treated Mouse Embryo Fibroblasts
1. Thaw 1-2 vial (5x106) untreated cells into 3 T175 flask (each have 30 ml media).  (Cat#: PMEF-NL from Millipore)  
2. Next day: Change media.
3. Two days later: If the cell density > 90%, treated with Mitomycin C (stock solution: 2 mg powder in 10 ml PBS to get a concentration of 200µg/ml, syringe filtered and light-sensitive protection. 4°C. Treatment by 1:20 in media, 1.5 ml stock solution in 30 ml media.) for 2-3 hrs after PBS gently washout x 1. Followed by PBS gently washout 2 times. Then recovery in medium overnight. If the cell density < 90%, change media and keep in growing.
4. Next day after Mitomycin C treatment: PBS (No Ca) gently washout x 1. Trypsinize (7 ml) cells by 4 min. FBS 1:1 (7 ml)stop digestion. Count and freeze cells in the number of 3x106 which is for 5 dishes (35mm) use.
5. Media:      			500 ml 	                        200 ml 
FBS      	  50 ml				  20	
DMEM	440 ml	(11995 Gibco)		178
PEN/STREP	    5 ml				    2	
Glutamate	    5 ml	
DMEM: HyClone Cat#SH30027.01 from Thermo Scientific
	
5. Culture Media

-Mercaptoethanol (-ME, Sigma: M7522-100ml):                    10ml
   Stock Solution (10mM):          -ME     7 l
                                                            PBS     10 ml
Prepare fresh weekly and store at 4C.


Gelatin Solution (Millipore: ES-006-B; 500ml)
Add 1ml 0.1% Gelatin solution to one 35 mm dish. Add 20 µl laminin (L2020 sigma, 20µg/10cm2) to 1ml Gelatin solution if laminin needed with a coating of >1hr.


LIF (Leucemia Inhibitory Factor: Chemicon (Millipore): ESG1107, ESGRO)
107 units/1 ml
   Stock Solution:		           LIF          1 ml
                                                           DMEM  49 ml
0.2-0.3 ml Aliquots. Store in frozen aliquots
Final concentration   1:200               5 l / ml

Minimum Essential Aminoacids (MEM, Thermo Fisher Scientific:Cat#: 11140050; 10 mM 100X  100ml)

Trypsin-EDTA (Thermo Fisher Scientific: 25300-054)
Sterile 5-10ml aliquots.
Trypsin vial in use should not be thawed more that 5 times.

DPBS (Thermo Fisher Scientific:A12856-01, 1L, DPBS)
without CaCl2, without MgCl2

Penicilline/Streptomycine (Thermo Fisher Scientific: 15140122, 100ml)
Stock Solution (10 000U/ml)
Final concentration   1:200               250 l / 50ml   Aliquots of 1.5 ml

ES cell knockout serum (Thermo Fisher Scientific: 10828028) 500ml, 10828-010-100ml

DMEM  (Thermo Fisher Scientific: Cat#:10566-016)

Iscove  (Thermo Fisher Scientific:Cat#: 31980-030)

6. Solutions for Cell Culture


1) MEM
             Stock Solution  100X
             Final Solution       1X   => 10 l/ml

2) LIF (Leucemia Inhibitory Factor, ESGRO):
           107 units/1 ml
            Stock Solution:
                                                           LIF          1 ml
                                                           DMEM  49 ml
           0.2-0.3 ml Aliquots. Store in frozen aliquots
           Final concentration   1:200               5 l / ml

3) Penicilline/Streptomycine (invitrogen: 15140122, 100ml)
Stock Solution (10 000U/ml)
Final concentration   1:200               250 l / 50ml
	Aliquots of 1.5 ml


4) DMEM  15%	(1%)	             250        200           100  	  50 ml       1 week
KO serum	 37.5        30  (2)     15 ml	  7.5 ml (0.5)
DMEM	207.5     166(193)   83 ml	41.5 ml (48.5)
MEM		   2.5          2   (2)    1   ml	  0.5 ml (0.5)
-ME 		   2.5          2   (2)    1   ml	  0.5 ml (0.5)      PEN/STREP               1.25          1    (1)    0.5ml        250l (0.25)
ADD LIF INTO DISHES!!! KO serum invitrogen: 10828-028-500ml or                            
   							  10828-010-100ml
5) Iscove 20%	                          250       200           100  	  50 ml     for 1 week
HL1 (FCS)    	    50        40            20 ml	  10 ml
Iscove  	  195      156            78 ml	  39 ml
MEM		   2.5          2            1   ml	  0.5 ml
-ME 		   2.5          2            1   ml	  0.5 ml       PEN/STREP               1.25          1             0.5ml        250l 
HL1 (FCS) is from SAFC Biosciences. (or Sigma Cat #: 12103C-500 ml, Cat#: F2442, with the Lot #: Batch 8A0177 or Batch 058K8426, respectively. Reservation #: 21025944) or FBS used by Matthew at Page 10 Ln28

6)  Freezing Media		                         	10 ml
For 10 ml        KO serum (FBS)	  9 ml 
		DMSO			  1 ml
Apply directly to pellet, gently resuspend and freeze at -80C overnight. Transfer next day to Cryo.	 invitrogen: 12648-010
     11)  
             
	Digestion solution
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	100 mL

	
	Concentration(mM)
	Compound
	MW
	mass(g)

	
	120
	
	NaCl
	58.44
	0.7013

	
	5.4
	
	KCl
	74.55
	0.0403

	
	5
	
	MgSO4
	102.4
	0.0512

	
	20
	
	Glucose
	180.16
	0.3603

	
	5
	
	Na-pyruvate
	110.04
	0.055

	
	20
	
	taurine
	125.15
	0.2503

	
	10
	
	HEPES
	238.3
	0.2383

	
	1
	
	EGTA
	380.35
	0.038

	
	
	
	
	
	

	(pH 6.9 by NaOH)
	
	
	
	

	
	0.03
	
	CaCl2
	(300 mM stock, Add 10 μl)

	
	1 mg/ml
	
	Collagenase B 

	
	
	
	
	Roche(11088807001) 100mg

	
	
	
	
	Stock 10mg/ml (in Digestion solution)



  Water: Lonza  Cat#: 17-724F. Autoclave measuring cylinder and beaker.  Wash stir bar and pH meter probe by 70% EtOH.

    12)

	High K+ solution (KB medium)
	
	

	
	
	
	
	
	

	
	
	
	
	
	100 mL

	
	Concentration(mM)
	Compound
	MW
	mass(g)

	
	85
	
	KCl
	74.55
	0.6337

	
	5
	
	MgSO4
	102.4
	0.0512

	
	30
	
	K2HPO4
	174.2
	0.5226

	
	1
	
	EGTA
	380.35
	0.038

	
	5
	
	Na-pyruvate
	110.04
	0.055

	
	20
	
	taurine
	125.15
	0.2503

	
	5
	
	Creatine 
	131.13
	0.0656

	
	20
	
	Glucose
	180.16
	0.3603

	(pH 7.4)
	2
	
	Na2ATP
	      551.14
	     0.1102

	
	
	
	
	
	





13) Laminin  Sigma L2020   1mg/ml         20µl (20µg)/ 35 mm dish (10cm2)

      -20C  aliquot to 20 µl/ tube
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