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2. MATERIALS AND METHODS


2. Materials and Methods

2.1 Materials

Enzymes

DpnI






Roche, Mannheim

Lysozyme





SIGMA, Taufkirchen



pfu DNA polymerase



Stratagene, Amsterdam

Proteinase K





SIGMA, Taufkirchen
RNase A





SIGMA, Taufkirchen

RNase T1





Roche, Mannheim

RNase inhibitor




Stratagene, Amsterdam
SP6 RNA polymerase



Stratagene, Amsterdam 

Taq DNA polymerase 



Genecraft, Münster

T4 DNA ligase




MBI Fermentas, St. Leon-Rot

T7 RNA polymerase



Stratagene, Amsterdam
T3 RNA polymerase



Stratagene, Amsterdam

All other restriction enzymes


MBI Fermentas, St. Leon-Rot


Chemicals and kits

Agrose





peqLAB, Erlangen

acetic anhydride




SIGMA, Taufkirchen

All-trans-RA 





SIGMA, Taufkirchen

Ampicillin





SIGMA, Taufkirchen

BCIP 






Roche, Mannheim
BM purple





Roche, Mannheim

BSA 






SIGMA, Taufkirchen



Cap-Scribe





Roche, Mannheim

Digoxigenin RNA mix or florescein-mix 

Roche, Mannheim
Ficoll 400





SIGMA, Taufkirchen

Fluorescein-12-UTP



Roche, Mannheim

Formamide





SIGMA, Taufkirchen

Gene Ruler ™ 1kb ladder



MBI Fermentas
Goat Serum (GS)




GibcoBRL, Karsruhe

HCG






Schering, Berlin

Hepariin





SIGMA, Taufkirchen

Kanamycin





SIGMA, Taufkirchen


Leibovitz L-15




GibcoBRL, Karsruhe 

NBT






Roche, Mannheim

Penicillin





SIGMA, Taufkirchen

Polyvinylpyrrolidone (PVP-40)


SIGMA, Taufkirchen

Qiagen Midi-preparation Kit


Qiagen, Hilden

Qiagen QIAquick purification kit


Qiagen, Hilden
Qiagen RNeasy kit




Qiagen, Hilden

RNA-Clean™




HYBAID, Egelsbach

Sephadex G50




SIGMA, Taufkirchen
streptomycine sulfate



SIGMA, Taufkirchen 

Torula RNA





SIGMA, Taufkirchen

X-gal 






SIGMA, Taufkirchen

All other chemicals used in this study were from Fluka, Merck.



General stock solutions and reagents

LB broth (1L):


20 g

Luria Bertani medium, SIGMA

LB agar (1L):



35 g

SIGMA, Taufkirchen

NZY broth (1L):


21 g

GibcoBRL, Karsruhe


NZY agar (1L):


21 g 

GibcoBRL, Karsruhe

NZCYM broth (1L): 


22 g

GibcoBRL, Karsruhe

5( TBE (1L): 


54 g 

Tris

27.5 g 
boric acid






20 mL 
EDTA (0.5 M, pH 8.0)

TE: 




10 mM 
Tris pH7.4






1 mM

EDTA






Bacteria and animals


E.coli XL1-Blue MRF’ 
Stratagene, Amsterdam

E.coli XLOLR
Stratagene, Amsterdam

Xenopus laevis
Snake farm, South Africa
Vectors 

PBK-CMV
Stratagene, Amsterdam

pCS2+ 
Turner, 1994

pCSMTEnR
Turner, 1994

Hardwares

Petriperm™Petri dish
Heraeus 

Microloader
Eppendorf

Spectrum photometer
Pharmarcia
UNOII thermo cycler
Biometra

Micromanipulator
Singer Comp., UK

PV830 Pneumatic PicoPump
World Precision Comp., USA

Stereomicroscope
Zeiss

Axioplanmicrocope
Zeiss

Progressive 3 digital camera
Sony

Axiocam HRC digital camera
Zeiss


 

MC100 optical camera 
Zeiss

Orthomat-camera
Leitz

LS-100 slide scanner
Nikon

Thermal cycler
Biometra

Primers (All following primers employed for RT-PCR were synthesized by Roth).

	Genes
	Primer sequences
	Authors

	XAT
	Fw: 5’-GCAATGGAATCCACCTCCTA-3’
	Zhao et al., 2001a

	
	Re: 5’-GGTTACTCCCCCAACTCCAT-3’
	

	XMLP
	Fw: 5'-GTCTAATGGCTCCGCTGAAG-3' 
	Zhao et al., 2001b

	
	Re: 5'-GCTTCTGGAGATGCTTCCAC-3'
	

	XXBP-1
	Re: 5’-TCACTTGCTGTTCCAGTTCA-3'
	Zhao et al. unpublished

	
	Fw: 5’-GCCCCCAAAGTGATCTTTAT-3'
	

	goosecoid
	Fw: 5’-AGGCACAGGACCATCTTCACCG-3'
	Blumberg et al., 1991

	
	Re: 5’-CACTTTTAACCTCTTCGTCCGC -3'
	

	Xnot
	Fw: 5’-GAATCCGCACAGTGTTCACCCC-3'
	von Dassow et al., 1993

	
	Re: 5’-TCCTCGTCCTCCTCAGTCTCCC-3’ 
	

	Xwnt-8
	Fw: 5’-GAGAGAAGAAGCTGCAAGAGGC-3'
	Smith and Harland, 1991

	
	Re: 5’-GGCAAACAAATCCACTGGCCCG-3'
	

	Muscle actin
	Fw: 5’-GCGGCTTTGGACTTTGAGAATG-3'
	Mohun et al., 1984

	
	Re: 5’-TCAGCAATACCAGGGTACATGG-3’
	

	MyoD b
	Fw: 5’-AACTGCTCCGATGGCATGATGGATTA-3’
	Hopwood et al., 1989

	
	Re: 5’-AATGCTGGGAGAAGGGATGGTGATTA-3'
	

	Xvent-1
	Fw: 5’-GCATCTCCTTGGCATATTTGG-3’ 
	Gawanka et al., 1995

	
	Re: 5’-TTCCCTTCAGCATGGTTCAAC-3’
	

	Otx2
	Fw: 5’-GGATGGATTTGTTACATCCGTC-3’
	Blitz et al., 1995

	
	Re: 5’-CACTCTCCGAGCTCACTTCCC-3’
	

	BMP-4
	Fw: 5’-GCATGTACGGATAAGTCGATC-3’
	Dale et al., 1992

	
	Re: 5’-GATCTCAGACTCAACGGCAC-3’
	

	XAG1
	Fw: 5’-CTGACTGTCCGATCAGAC-3’
	Sive et al., 1996

	
	Re: 5’-GAGTTGCTTCTCTGGCAT-3’
	

	Xbra
	Fw: 5’-GGATCGTTATCACCTCTG-3’
	Xenopus MMR

	
	Re: 5’-GTGTAGTCTGTAGCAGCA-3’
	

	NCAM
	Fw: 5’-CACAGTTCCACCAAATGC-3’
	Xenopus MMR

	
	Re: 5’-GGAATCAAGCGGTACAGA-3’
	

	H4
	Fw: 5’-CGGGATAACATTCAGGGTA-3’
	Steinbeisser et al., 1995

	
	Re: 5’-TCCATGGCGGTAACTGTC-3’
	

	ODC
	Fw: 5’-GGAGCTGCAAGTTGGAGA-3’
	Xenopus MMR

	
	Re: 5’-ATCAGTTGCCAGTGTGGTC-3’
	

	Xvent-2
	Fw: 5’-TGAGACTTGGGCACTGTCTG-3’
	Onichtchouk et al., 1996

	
	Re: 5’-CCTCTGTTGAATGGCTTGCT-3’
	

	Xhox3
	Fw: 5’-ATATGATGAGCCACGCAGCAG-3’
	Ruizi Altaba and Melton et al., 1989

	
	Re: 5’-CAGATGCTGCAGCTCTTTGGC-3’
	

	Epidermal Keratin
	Fw: 5’-CACCAGAACACAGAGTAC-3’
	Xenopus MMR

	
	Re: 5’-CAACCTTCCCATCAACCA-3’
	

	chordin
	Fw: 5’-CCTCCAATCCAAGACTCCAGCAG-3’
	Piccolo et al.,1996

	
	Re: 5’-GGAGGAGGAGGAGCTTTGGGACAAG-3’
	


2.2 Embryos and explants manipulation

2.2.1 Preparation of Xenopus laevis embryos

1.
Aliquots of 3000-5000 IU of human chorionic gonadotropin (HCG) were kept in vials at 4ºC. Dissolve an aliquot in 0.4% NaCl solution immediately before the injection to Xenopus.

2.
In the evening before the experiment, inject two adult female frogs with 600-800 IU (depending on the individual size) of HCG into the dorsal lymph sac, i.e. a semicircle of small slits on the dorsal side of the frog just above the junction of the back leg and the body, below which is a membrane joins the outer skin to the body wall. Hold the syringe such that the needle is almost parallel to the skin and push it through just on the ‘leg side’ of the marks, ensuring that it stays between the two layers. Penetrate the membrane under the marks and inject.

3.
Keep the injected frogs overnight at 19-21ºC. Generally 6-8 h later, the frogs begin to lay eggs.

4.
Kill an adult male frog, and remove the testes. Trim any extraneous tissue from them, rinse off any blood, and place in medium, either in 1( MBS (or 1( Barth’s) solution if they are to be used in the next 3 days or modified L-15 medium if they are to be kept longer (up to 2 weeks). Store at 4ºC.

5.
Crush one piece of the testis in 0.2 mL of 0.1( MBS (or 0.1( Barth’s) with forceps and then take the resulting suspension up and down in 1-mL pipette tip until the tissue is well suspended.

6.
Squeeze the female frogs gently but firmly around the abdomen so that they lay eggs into a Petri dish; move the frog so that the eggs fall into small groups.

7.
Using a pipette, squirt the crushed testis over each group of eggs and then shake the dish to form a single layer of the eggs.

8.
Leave the eggs for 5 min, then rinse and incubate in 0.1( MBS (or 0.1( Barth’s).

9.
After the eggs have rotated and the animal pole is uppermost (about 20-40 min post fertilization), discard the MBS and dejelly eggs with 20 mL of 2% cysteine solution. Detach the eggs from the plate by swirling the Petri dish vigorously. Notice that when the jelly coats are removed, the eggs lie close to one another, whereas before that the thick jelly separates them. Once all are in contact, wash them with at least four changes of 20 mL of 0.1( MBS (or 0.1( Barth’s) and keep in a fresh Petri dish. 

10.
Incubate the eggs at 14-25ºC until they develop into the desired stages for microinjection.

1( MBS:







88 mM
NaCl





2.4 mM
NaHCO3


 

1 mM
KCl


10 mM
HEPES





0.82 mM
MgSO4





0.41 mM
CaCl2





0.33 mM
Ca(NO3)2 


 

pH 7.4
1( Barth’ Solution:







88 mM
NaCl

2.4 mM
NaHCO3 

1 mM 
KCl 

5 mM
HEPES

0.82 mM
MgSO4
0.41 mM
CaCl2
0.33 mM
Ca(NO3)2 

0.2 mM
Na2HPO4
pH 7.4
2% Cysteine

Dissolve cysteine hydrochloride with sterile Millipore H2O to a final concentration of 2% and adjust pH to 8.0 with 5 M NaOH.

penicillin/streptomycin stock solution (1000():

Dissolve penicillin, 100,000 units/mL, and streptomycine sulfate, 100 mg/mL, in sterile Millipore water. Store frozen.

L-15 solution for testis storage:


5 mL
L-15 



1 mL
calf serum



4 mL
sterile Millipore H2O 



100 (L
penicillin/streptomycin stock solution

2.2.2 UV, LiCl and ATRA treatments

For UV treatment, fertilized eggs were dejellied thoroughly within about 20 min of the insemination, then immediately transferred to Petriperm™ Petri dishes with UV-permeable bottom and treated with UV transilluminator for 45 sec–1 min depending on the illumination intensity. The eggs were allowed to be settled quietly for 2 h or at least until the first cleavage at room temperature.

LiCl treatments were carried out with fertilized eggs at the 32-128-cell stage to obtain the dorsoanterior enhancement. The embryos were treated with 0.3 M LiCl solved in 0.1( Barth’s solution for 5-10 min, afterwards washed several times with 0.1( MBS and cultured until the desired stages.

All-trans-RA stock (10-2 M) solved in DMSO was diluted with 0.1( Barth’s solution to a final concentration of 10-6 M. Embryos were incubated in this solution from the stage 8 to stage 11, afterwards were washed several times with 0.1( Barth’s solution and cultured until the desired stages.

2.2.3 Explantation of animal caps and marginal zones

2.2.3.1 Animal cap

1.
Transfer the stage 9 embryos to a Petri dish covered with 1% Agar and filled with Holtfreter’s solution. 

2.
Grasp the membrane with the very tips of one pair of forceps in the marginal or vegetal region while bracing the embryo against the side of the other forceps. With the other forceps, grasp the membrane close to the place where the first one penetrates; hold the membrane and pull away to remove it.

3.
After the removal of vitelline membrane, roll the embryo animal pole up and gently push it back into shape in order to maintain a good blastocoel.

4.
Insert into the blastocoel with sharp glass needles and excise the cap. Care must be taken to take only the animal cap tissue and not the marginal zone material.

5.
The harvested animal caps finally were transferred into 1( Barth’s solution and kept until the desired stages.

Holtfreter’s Solution:

60.00 mM
NaCl

0.60 mM
KCl

0.90 mM
CaCl2
0.20 mM
NaHCO3

5 mM
HEPES
pH 7.4

2.2.3.2 Dorsal and ventral marginal zone

Dorsal and ventral marginal zones (DMZs and VMZs) were isolated from embryos at stage 10-10.5 with the blastopore lip marking the dorsal side. Vitelline membrane was removed from the animal halve and the explants were isolated with glass needles. DMZs corresponded to an ~60º arc of marginal zone tissue centered on the dorsal lip midline, and VMZs, analogously the region opposite the DMZs. Both then were cultured in 1( Barth’s solution till expected stages.
2.2.4 Microinjection

1.
Place a needle into the holder on the micromanipulator.

2.
Cut off the end of the needle at the point where the needle tip becomes less flexible using watchmaker forceps under the microscope.

3.
Spin mRNA (from 2.5.1) for 5 min in a microcentrifuge to remove any debris that might block the needle, and then pipette 2-5 (L of the mRNA into the needle. Take up the RNA sample in to the needle from the back of the needle using a long-tip microloader. 

4.
Set the injector to the required volumes. It is suitable to use a volume of approximately 4 nL for embryos at the 1-4-cell stages. In general, an injection pressure of 10 psi and an injection time period of 0.3-0.6 sec are required, which gives excellent survival rates.

5.
Transfer embryos used for the injection into a Petri dish covered with 1% agar and filled with 4% ficoll (dissolved in 1( MBS or 1( Barth’s solution).

6.
Drive the needle tip through surface of the embryo, give pressure to the needle and inject. Wait for a moment, and then withdraw the needle gently.

7.
Once a set of embryos has been injected, pipette the embryo up gently and place them in the same medium as in step 5 in a fresh Petri dish. 

8.
Incubate the embryos at 18-21ºC.

9.
After 1-2 h, replace the medium with 0.1( MBS and remove any unhealthy embryos.

10.
Culture as in step 8 for the appropriate cell stages. 

Notes:

Dorsal blastomeres determination:

Because of the cortical rotation, the future dorsal side tends to be lighter in colour than the ventral side, but this difference is an imprecise and unreliable indicator of where the future dorsal side will form.

Injection volumes determination:

The inject volume must be calibrated carefully. The following protocol describes the calibration procedure for a pressure injector.

1.
Backfill the needle using a microloader fitted with a long narrow tip (of the kind used for loading sequencing gels) and mount on the injector. 

2.
Break the needle tip to produce an orifice of approximately 10 (m.

3.
Place a small drop of paraffin oil on a microscope slide and mount the slide on the stage of a dissecting microscope.

4.
Calibrate the eyepiece micrometer for the appropriate magnification and perform a trial injection into the drop of oil. The injected liquid forms a sphere within the oil droplet.

5.
Measure the diameter of the sphere using the eyepiece micrometer and calculate the injected volume (V=4/3πr3, where V is the volume and r is the radium of the sphere).

The different methods are employed for calibrating the injection volume including deposition of the drop directly on the stage micrometer (note that micrometer must siliconized for the drop to be near spherical). The injected volume can then be calibrated as described in step 5 above. Alternatively, allow the drop to hang at the end of the needle, where its diameter can be measured using an eyepiece micrometer. The drop must be measured quickly because evaporation causes it to shrink rapidly. Anther method is to inject the drop into a dish of paraffin oil. Approximate the volume of the drop by using the equation V=4/3πr3 (see above) or using the figures shown in Table 2-1 below. Once the appropriate pressure has been established, the duration of the pressure burst can be used to control the volume precisely.

Table 2-1. The injection volume and the corresponding drop diameter and radius.

	Diameter of drop ((m)
	Radius of drop ((m)
	Volume (nL)

	125
	62.5
	1.03

	140
	70
	1.44

	150
	75
	1.07

	160
	80
	2.15

	170
	85
	2.58

	180
	90
	3.06

	200
	100
	4.20

	225
	112.5
	5.90

	250
	125
	8.20


2.2.5 Morpholino preparation for microinjection

2.2.5.1 Principle 

As a new loss-of-function approach, morpholino antisense oligos have been adopted to the study of gene functions in the recent 3 years. In contrast to the traditional posphorothioate oligos, the morpholino antisense oligos (Figure 2-1) are non-toxic and when injected into fertilized eggs they prevent translation of the proteins in both cytosolic and membrane-associated fractions through the neurula stage (Summerton et al., 1997). Generally, an antisense morpholino oligo, typically 18 to 25 genetic letters in length, binds the sense mRNA and prevents synthesis of the protein coded by that mRNA. A normal gene function and the inhibition of this gene function by an antisense oligo are illustrated in Figure 2-2. This new approach has been successfully used to deplete the (-catenin in Xenopus laevis (Heasman et al., 2000).
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Figure 2-1. The chemical formula of morpholino (MO).
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Figure 2-2. The blockage of protein translation imposed by morpholino. In the absence of morpholino, the protein will be synthesized by ribosome naturally according to codons in the mRNA. However in the presence of morpholino designed to bind to the complementary sequence in this mRNA, the protein initial site will be sequestered by the morpholino, hence no protein product will be synthesized finally (Cited from protocol of GeneTool.
 2.2.5.2 Experimental procedures

Dissolve the morpholino in 1( Barth’s with a concentration of 4 ng/nL as the stock solution, and store it at -20ºC. Dilute the stock solution to the working solution with 1( Barth’s just before microinjection. The microinjection of morpholino was performed the same as that of mRNA.

2.2.6 Embryos fixation with MEMFA or HEMFA

Embryos were fixed in HEMFA or MEMFA at room temperature for 1 h with shaking, afterwards washed with 100% ethanol twice or three times and stored at –20ºC in 100% ethanol.

10( MEM:




MEMFA:
1M MOPS pH 7.4



0.1M
MOPS pH 7.4

20 mM EGTA




2 mM
EGTA


10 mM MgSO4




1 mM
MgSO4
3.7%
formaldehyde

10( HEM:




HEMFA:
1M HEPES pH 7.4



0.1M
HEPES pH 7.4

20 mM EGTA




2 mM 
EGTA

10 mM MgSO4




1 mM
MgSO4


3.7%
formaldehyde

The 10( stock solutions without formaldehyde can be prepared and stored after filtration to remove bacteria. These solutions turn into yellow if autoclaved or aged.

2.2.7 LacZ staining

1.
Fix embryos in MEMFA for 1 h.

2.
After rinsing with 1( PBS twice for 10 min each, transfer the embryos to the X-gal staining solution and stain for 1.5-6 h at room temperature until the blue appears.

3.
Wash the embryos with 1( PBS twice with shaking for 10 min each.

4.
Refix the embryos with MEMFA for 40 min.

5.
Rinse the embryos with 100% ethanol twice for 5min each, afterwards store them at –20ºC till whole-mount in situ hybridization. 
X-gal staining solution (in 1( PBS, 10 mL): 

1 mg/mL 
X-gal
0.25 mL 
40 mg/mL X-gal (in DMSO)

5 mM
K3Fe(CN)6
0.10 mL
500 mM K3Fe(CN)6


5 mM
K4Fe(CN)6
0.10 mL
500 mM K4Fe(CN)6 
 

2 mM
MgCl2
0.20 mL
100 mM MgCl2 

Add 1( PBS to 10 mL



2.3 Bacteria manipulation

2.3.1 Preparation of competent cells

1.
Grow a single bacterial colony in 100 mL of fresh LB broth at 37ºC for 16-20 h with vigorous shaking. 

2.
Dilute (1:100) the culture above to a certain volume of fresh LB broth and grow to early log phase (O.D.600 = 0.2-0.4) at 37ºC for approximately 2-2.5 h with vigorous shaking. 

3.
Aseptically transfer the cells to sterile, disposable and ice-cold 50ml-polypropylene tube (Falcon). Cool the culture to 0ºC by storing the tube on ice for 10 min (This procedure could prolong if the culture volume is very large.). All subsequent steps were carried out aseptically.

4.
Collect cells by centrifugation at 3000 rpm at 4ºC for 10 min.

5.
Decant the medium, and stand the tube in an inverted position for 1 min to allow the last traces of media to drain away.

6.
Wash the pellet with 10 mL of ice-cold 0.1 M CaCl2 and keep the cells ice cold in all further steps.

7.
Collect cells as in step 4 and resuspend the cell pellets with 1/25 original culture volume of 0.1 M chilled CaCl2.
8.
Add 140 (L of DMSO per 4 mL of resuspended cells. Mix gently by swirling and hold on ice for 15 min. Then add another 140 (L of DMSO to each suspension, mix gently and keep on ice bath. 

9.
Dispense aliquots of the suspensions into chilled, sterile 1.5-mL Eppendorf tube quickly, afterwards fast freeze in liquid nitrogen and store at -70ºC.

2.3.2 Transfomation

1.
Thaw 50 -200 uL of bacteria per transformation and keep them on ice.

2.
Gently mix cells by hand.

3.
Add 0.1ng-50 ng of DNA (or approximately 1/2 ligation) to cells, swirl gently, and put it on ice for 30 min.

4.
Afterwards heat shock at 42ºC for 90 sec and then hold it on ice for 2 min.

5.
Add 0.8 mL of LB and shake at 37ºC for 40 min.

6.
Plate on LB-agar plates containing antibiotic, and keep the plates overnight at 37ºC.

2.4 DNA techniques

2.4.1 Extraction of plasmid DNA

2.4.1.1 Mini-preparation with TELT

1.
Harvest the bacterial cells from a 1.5-mL culture by centrifugation at 6000 rpm for 5 min at room temperature.

2.
Remove supernatant completely with vacuum system and resuspend the bacterial pellet in 150 (L of TELT solution.

3.
Add 15 (L of freshly prepared solution of lysozyme (10 mg/mL in H2O) to the cells, vortex and incubate at room temperature for 5 min.

4.
Keep the cells in boiling water for 2 min and then cool them down on ice for 5 min.

5.
Remove bacterial debris with a sterilized toothpick after full speed centrifugation at room temperature for 8 min.

6.
Extract the supernatant with 100 (L of isopropanol with vortex.

7.
Centrifuge with full speed for 15 min at room temperature. Discard the supernatant with pipette and wash the pellet with 200 (L of 70% ethanol.

8.
Centrifuge as in step 7. Suck off the supernatant and dry the pellet in a vacuum desiccator for 5min.

9.
Dissolve DNA in 30 (L of TE (pH 8.0) containing RNAse A (10 ng/(L). Incubate first for 2-5 min at room temperature, and then 5 min at 65ºC.

10.
Spin down and collect the supernatant. 

TELT:

50 mM
Tris/HCl pH 7.5

10 mM
EDTA

3.2 M
LiCl

0.5%
Triton X-100

RNase A stock:

1. Dissolve RNAase A in TE (pH7.8) to a final concentration of 10 mg/mL.

2. Boil for 10 minutes before use. 

3. Store RNase A stock solution in aliquots of 50 (L at -20ºC.

2.4.1.2 Midi-preparation with Qiagen Kit

Plasmid DNAs midi-preparation was carried out using Qiagen Midi-preparation Kits and following the supplied protocol. 
2.4.2 Recovery of DNAs from gel

The DNAs recovery from agrose gels were carried out using Qiagen QIAquick purification kits and following the supplied protocol.  

2.5 RNA manipulation

2.5.1 Preparation of mRNA for microinjection
Capped mRNAs used for microinjection were in vitro transcripted with the Cap-Scribe as described below. 

Mix the following component in order on ice:


To a total volume of 20 (L:

4 (L

the Cap-Scribe 5( buffer 


0.5 ng

linearized template DNA 

              Add to 
18 (L

DEPC-H2O


2 (L 

RNA polymerse 

After incubation for 2 h at 37ºC, add 2 (L of a solution of DNase I (10 U/(L) to remove the DNA template. Purify the RNA product with Qiagen RNeasy kit and determine the concentration with spectrum photometer. Aliquot the RNA sample into convenient volumes (depending on the concentration measured) and place at -70ºC.

2.5.2 Preparation of RNA probe for whole–mount in situ hybridization.

1.
Add the following components into a 0.2-mL Eppendorf tube on ice, mix and then incubate for 2 h at 37ºC.

 To a total volume of 25 (L:

10 (L
template (1µg linear DNA)


5 (L
5( transcription buffer

1 (L
DTT (0.75 M)

0.5 (L
RNase black (40 U/(L)

4 (L 
Digoxigenin RNA mix or florescein-mix

0.5 (L
RNA polymerase (20 U/(L)

4 (L 
DEPC-H2O


2.
Add 2 (L of a solution of DNase I (10U/(L) to digest the template DNA for 15 min at 37ºC.

3.
Purify the RNA product with Qiagen RNeasy kit according to its protocol.

2.5.3 Whole-mount in situ hybridization

In principle, whole-mount in situ hybridization was performed as described by Harland (Harland, 1991) and Oschwald (Oschwald et al., 1991).

2.5.3.1 Preparation of solutions

PTw:

1( PBS

0.1% Tween 20

20( SSC:

175.3 g
sodium chloride

88.2 g
sodium citrate

Dissolve in 800 mL of sterile Millipore water, adjust pH to 7.0 with NaOH, and adjust the volume to 1 liter.

100( Denhart’s Solution:

2%

BSA

2%

polyvinylpyrrolidone (PVP-40)

2%

Ficoll 400

Hybridization Buffer:

50%
formamid

5(

SSC

1 mg/mL
Torula RNA (Type IX, Sigma)

100 µg/mL
heparin (Sigma)

1(

Denhart’s solution

0.1%
Tween 20

0.1%
CHAPS

10mM
EDTA

5( MAB (Maleic Acid Buffer):

0.5 M
Maleic acid

0.75 M
NaCl

pH 7.5

10% BMB:

Weigh Boehringer Mannheim Blocking Reagent in 1( MAB for a final concentration of 10% (m/v), and autoclave immediately. The BMB will be dissolved after the autoclave.

APB (Alkaline Phosphatase Buffer):

100 mM
Tris/HCl pH 9.5

50 mM
MgCl2
100 mM
NaCl

0.1%(v/v)
Tween20

Freshly prepare the APB immediately before use. 
NBT/BCIP:

nitro blue tetrazolium (NBT): 75 mg/mL in 70% dimethylformamide.

5-bromo-4-chloro-3-indolyl-phosphate (BCIP): 50 mg/mL in 100% dimethylformamide.
Goat Serum (GS):

Heat deactivates the complement for 30min at 55ºC. Store as aliquots of 10 mL at -20ºC.

2.5.3.2 Experimental procedures

Embryos were fixed in MEMFA (or HEMFA) for 1 h at room temperature. Replace the MEMFA (or HEMFA) with absolute ethanol twice or three times for 5 minutes each, and store in 100% ethanol at –20ºC.

Day 1:

Rehydration. The embryos were then rehydrated by washing with following solutions in order.

(1)
100%
ethanol



5 min

(2)
75%
ethanol



5 min

(3) 
50%
ethanol



5 min

(4)
25%
ethanol in PTw


5 min

(5)
100%
PTw 



5 min
4 times

Proteinase K treatments. The embryos in each vial were treated with 2 mL of PTw containing 10 µg/mL proteinase K for 10-30 min at room temperature depending on the cell stage they were in, the number of embryos and the temperature. It is approximately 20 min for gastrula-stage embryos, and a long period of 20-30 min for tailbud-stage embryos.

Acetification. After the proteinase K treatment, the embryos were immediately subject to the treatment of acetylate which neutralizes free amines and helps to prevent electrostatic interaction between the probe and basic proteins in the embryo.
(1)
4 mL 
0.1 M triethanolamine pH 7.5
5 min twice

(2)
4 mL
0.1 M triethanolamine pH 7.5 

+ 12.5 (L
acetic anhydride

5 min 

+ 12.5 (L
acetic anhydride

5 min

(3)
PTw 




5 min twice

Refixation. The embryos were refixed by incubating with following solutions in order. 

(1)
PTw + 4% formaldehyde
 20 min

(2)
100% PTw 
5 min
5 times.
Hybridization.

(1)
Remove approximately all 1 mL of PTw from the vial and add 250 (L of hybridization buffer (without mixing).

(2)
Once embryos have settled through the dense layer of the buffer, remove the entire buffer and replace with 0.5 mL of fresh hybridization buffer per vial. Incubate for 10 min at 60ºC in a shaking water bath.

(3) 
Replace hybridization buffer and prehybridize for 6 h at 60ºC.

(4)
Remove hybridization buffer and replace it with fresh hybridization buffer containing 0.5 µg-1µg/mL of probes. Hybridize overnight at 60ºC. The rest probe can be stored at -20ºC.

Day2:

Washing the embryos.

(1)
Rinse the embryos for 10 min with 2 mL of fresh hybridization buffer and then wash with 4 mL of 2( SSC three times for 20 min each at 60ºC.

(2)
Replace the washing solution with 4 mL 2( SSC containing 20 µg/mL of RNase A and 10 U RNase T1. Incubate vials for 1 h at 37ºC.

(3)
Remove excess RNase by washing the embryos with 4 mL of 2( SSC once for 10 min at room temperature, and then with 4 mL of 0.2( SSC twice for 30 min each at 60ºC.

(4)
Wash with 4 mL of 1( MAB twice for 15 min each at room temperature.

Antibody Incubation. All subsequent steps were carried out at room temperature except those indicated.

(1)
Replace 1( MAB with 4 mL of 1( MAB + 2% BMB, and keep shaking for 15-60 min.

(2)
Change the solution to 4 mL of fresh 1( MAB + 2% BMB + 20% goat serum, and keep it for 1 h.

(3)
Replace the solution with 1.5 mL of fresh 1( MAB + 2% BMB + 20% goat serum containing 1/5000 dilution of the antibody. Rock the vials for 4 h.

(4)
Remove the excess antibody by washing with 4 mL of 1( MAB twice for 30 min each.

(5)
Change with 40 mL of fresh 1( MAB and keep shaking the vial overnight at 4ºC.

Day 3:

Color reaction.

(1)
Wash the embryos with 4 mL of 1( MAB twice for 30 min each at room temperature.

(2)
Replace the solution with 4 mL of APB twice for 5 min each at room temperature.

(3)
Replace the last washing solution with 0.5-2 mL of BM purple or APB containing 2 µg/mL of NBT and 3.5 µg/mL of BCIP per vial and incubate at 4ºC until staining becomes apparent.

Bleaching. 

(1)
Wash the embryos with 2 mL of 100% methanol for 1-5 min.

(2)
Rinse the sample with 2 mL of Millipore H2O several times for 1-5 min each.

(3)
Transfer the embryos to methanol containing 10% H2O2 and keep at 4ºC until pigment disappears. 

(4)
Rinse the embryos with 2 mL of Millipore H2O, then keep them in 2 mL of MEMFA or HEMFA.

2.6 RT-PCR

2.6.1 Isolation of total RNA from embryos, animal cap, or marginal zone explants.

1.
Homogenize 10 embryos with 1000 (L of RNA-Clean™, (for minimum RNA preparation, 2 embryos use 200 (L of RNA-Clean, 20 animal caps, 200 (L, and 10 marginal zone explants, 200 (L). Keep the samples on ice before preparation. 

2.
Add 100 (L of chloroform per 1000 mL of homogenate, cover the samples tightly, shake vigorously for 15 sec and hold on ice for 5 min.

3. 
Spin at 12000g for 15 min at 4 ºC.

4.
Transfer the upper aqueous phase to a fresh 1.5-mL Eppendorf tube. Add the equal volume of isopropanol. 

5.
Let stand at -20ºC for at least 1 hour or overnight to precipitate the RNAs.

6.
Spin the samples at 12000g for 15 min at 4ºC. Carefully remove the supernatant without disturbing the RNA pellet.

7.
Wash the RNAs pellet once with 70% ethanol (0.8 mL of ethanol per 100 µg of RNA), i.e. vortex the RNAs pellet for several seconds and spin at 7500g for 8 min at 4ºC. Repeat the washing step with 500 (L of prechilled 70% ethanol.

8.
Dry the RNAs pellet in air (about 10 min). It is important that the RNAs pellet does not dry out completely, as this will affect solubility and quality of the RNA.

9.
Dissolve the RNAs pellet in 50 (L of DEPC-H20.
10.
Determine concentration of the RNAs by spectrum photometer. The OD260/A280 ratio should be in the range from 1.6 to 1.9.

11.
For the RNAs storage, add 3 volume of prechilled absolute ethanol at -20ºC and 1/10 volume of 3 M NaAc solutions (pH 5.2). Keep the RNA at -20ºC.

2.6.2 Isolation of total RNA from adult tissues

1.
Various organs and tissues were taken from an adult sacrificed frog and then ground in a meat grinder with liquid nitrogen and stored at -80ºC. 

2.
Add 500 (L of lysis buffer containing 200 µg/mL of proteinase K for 200 (L of tissue powder.

3.
Thoroughly homogenize the tissue power with the lysis buffer by pipetting with a fine needle, afterwards incubate for 45 min at 45ºC.

4.
Extract the sample once or twice with 0.5 mL of phenol/chloroform and three times with 0.5 mL of chloroform.

5.
Precipitate the RNAs with 3/4 volume of 8 M LiCl at -20ºC.

6.
Dissolve the sample in 100 (L of DEPC-H2O after washing with 80% ethanol.

7.
Reprecipitate the RNAs with 3 volume of absolute ethanol and 1/10 volume of 3M NaAc (pH 5.2) and resuspende in 45 (L of DEPC-H2O.

8.
After centrifugation, treat 40 (L of the samples with 2 (L of DNase I (10 U/(L) for 30 min at 37ºC.

9.
Store the sample at -20ºC.

2( Lysis Buffer:

1%



SDS

10 mM


EDTA

100 mM


Tris/HCl pH 7.5

100 mM


NaCl

Working Lysis Buffer:

2( lysis buffer 

5mL

20 µg/(L Proteinase K
0.5mL (added immediately before use)

DEPC-H2O


4.5mL

2.6.3 Reverse transcription

1.
To a total volume of 12 (L, add the following components to a nuclease-free 0.2-mL microcentrifuge tube: 

1 µg 

total RNA 

2 (L

0.1 mM Hexamer random primer 

9 (L

DEPC-H20

2.
Mix well, incubate for 10 min at 70ºC, and then quickly chill on ice. Collect the contents in the tube by brief centrifugation, to which following components were then added and incubated for 10 min at 25ºC.

4 (L

5( First strand buffer 

2 (L

0.1 M DTT 

1 (L

10 mM dNTPs mix
3.
Add 1 (L of RNase H-Reverse Transcriptase (200 U/(L). Mix gently and incubate for 50 min at 42ºC, then 15 min at 70ºC to inactivate the reverse transcriptase. Afterwards store the sample at -20ºC. 
2.6.4 PCR reaction
At first, the normalization of cDNA samples was carried out with housekeeping genes such as H4 and ODC using PCR. Keep the sample which gives the weakest band, and add H2O to those sample that give stronger bands until all samples show the same amount of PCR products after a proper amplification. The normalized samples were then applied for PCR with specific primers. Always use 1 (L of reverse transcripts in the subsequent PCR system.

1.
Set up the reaction by mixing the following reagents on ice:



18 (L
sterile Millipore H2O 

1 (L
2.5 (M Primers (forward, reverse primer together) 

2.5 (L
2 mM dNTPs mix 

2.5 (L
10( PCR buffer 

1 (L
reverse transcripts

0.3 (L
Taq DNA polymerase 
Add one drop of mineral oil or without oil in the case of using thin wall tube.

2.
PCR was performed with following cycling parameters (for normal markers with less than 500 bp of products).

1

1( 

denaturation
95ºC
3 min, 

2
20-35( cycle:

denaturation
95ºC
1 min



annealing
55ºC
1 min (depends on primers)



extension
72ºC
1 min 

3

extension
72ºC
10 min

4

end

4ºC


3.
PCR products determination

Add 5 (L of loading buffer to a 25 (L of reaction system after PCR, and load 20 (L of this in 2-2.5% agarose gel. Inspect bands on UV illuminator. 

2.7 cDNA screening

A part of the phage cDNA library prepared from activin-treated ectoderm of Xenopus laevis was converted into a plasmid cDNA library by an in vivo excision of the pBK-CMV phagemid from the ZAP Express vector according the protocol provided by the manufacturer (Stratagene). A large-scale whole-mount in situ hybridization method was then used for screening this plasmid cDNA library.

 After in vivo excision around 10,000 single colonies were picked up from the LB agar plates. Grow the single clones overnight in 2( LB containing 50 µg/mL kanamycine in the wells of a 96-well titration plate, respectively. The bacteria were stored at -80ºC.

2.7.1 Inserts amplification of a single clone to obtain templates for in vitro transcription by PCR

1.
Setting up the reaction system for a large-scale screening cDNA.


To one reaction of 20 (L:


2 (L

10( PCR reaction buffer 


0.16 (L


25 mM dNTPs mix


0.3 (L


10 (M CMV-F


0.3 (L


10 (M CMV-R


16.14 (L

H20


0.1 (L


Taq DNA polymerase


1 (L


Bacteria culture solution

2.
PCR was carried out with 96-well PCR reaction plates in UNOII thermal cycler with the following program using a pair of primers: CMV-F and CMV-R.



95ºC
45 sec

40( cycles:
95ºC
45 sec 



56ºC
45 sec 

72ºC
3   min


72ºC
10 min

CMV-F: CGC GCC TGC AGG TCG ACA CTA

CMV-R: GCA AGG CGA TTA AGT TGG GTA
3.
Store 5 (L of PCR products for the subsequent transcription. The remaining 20 (L of product was loaded for electrophoresis to determine the efficiency of the amplification.

2.7.2 Preparation of the fluorescein labeled probes

1.
Prepare reagents.
rNTPs mix:

50 (L
10mM
rATP


50 (L
10mM
rCTP


50 (L
10mM
rGTP

32.5 (L
10mM
rUTP 

17.5 (L
10mM 
Fluorescein-12-UTP (Roche)

2.
Set up the transcription reaction. 

Transcription reaction mix (total volume of 20 (L):

5 (L
PCR product


0.8 (L
0.75 M DTT

4 (L
5( transcription buffer


2 (L
rNTP mix


0.25 (L
RNase inhibitor (40 U/(L)


7.7 (L
DEPC-H2O


0.25 (L 
T7 RNA polymerase(50 U/(L)


The transcription reaction was carried out with 96-well PCR reaction plate in UNOII PCR thermo cycler for 4 hours at 37ºC. 

2.7.3 Purification of RNA probe

1.
Sephadex G50 preparations: Weigh 40 g of Sephadex G50 into 500 mL of Sephadex G50 medium solution and autoclave. 

2.
Pack such Sephadex G50 into a 96-well column plates and spin down the multi-column plate at 1200-1500 rpm for 30 sec to remove the medium solution. 

3. Equilibrate Sephadex G50 column plate with 1( STE (50 (L for each well) twice.

4.
Discard the flow through, and subsequently load the transcripts on the column plate and place it on a new 96-well microtitration plate (pay attention to the direction). 

5.
Spin down as in step 2 and the purified transcripts were collected in the microtitration plate. Usually 20 (L was obtained in each of the wells. Add the same volume of formamide into each well. Take 5 (L of this mixer from each well respectively and load on an agarose gel without ethidium bromide to determine the efficiency of in vitro transcription.

10( STE (50mL): 

200 mM
Tris/HCl pH 7.5
10 mL
1 M Tris 

20 mM
EDTA


2 mL
0.5 M EDTA

500 mM
NaCl


5 mL 
5 M NaCl

Add DEPC-H2O to 50 mL
Sephadex G50 medium:

10 mM Tris/HCl (pH 8.0) 
5 mL 
1 M Tris/HCl pH 8.0

0.1% SDS
5 mL 
10% SDS 

0.3 M NaCl 
30 mL 
5 M NaCl 

Add DEPC-H20 to 
500 mL

Sephadex G50
40 g 

2.7.4 Large- scale whole-mount in situ hybridization

In principle, all steps are similar to the normal whole-mount in situ hybridization (see 2.5.3). Four sets of a special 24-well device were used for the hybridization instead of the vials. 

To find a compromise between the large-scale throughput and the depth of analysis, a limit was imposed on embryonic stages to gastrula (stage11), neurula (stage13-15), and tailbud (stage28-30).
2.8 Sequences submission

Colonies indicating suggestive expression patterns were selected for sequencing. The sequence data were used to eliminate redundant clones and to compare to the DNA and protein sequences in GeneBank with BLAST (NCBI). Those which were not collected in the database were submitted to GeneBank, and got accession numbers shown in results.

2.9 Constructs used in this study

2.9.1 Primers design for mutagenesis

	Names
	Primer sequences
	Notes

	XXBP-1 subclone
	Fw: 5’-GCGCGAATTCAATGGTGGTCGTGGGAGCC-3'
	E.coRI and XhoI cutting site is in bold

	
	Re: 5’-GCGCCTCGAGTTAAAAATGTACATCAAACTC-3’ 
	

	VP16
	Fw: 5’-GACTCCCAGCAGCC-3’
	XbaI site and the stop codon are in bold

	
	Re: 5’-GCGCTCTAGATTAGTCAATTCCAAGGGCATCGGT-3’
	

	Eve
	Fw: 5’-AGCACGATCAAGGTGTGG-3'
	XbaI site and the stop codon are in bold

	
	Re: 5’-GCGCTCTAGATTACGCCTCAGTCTTGTA GGG-3'
	

	XXBP-1
	Fw: 5’-GCGCGAATTCAATGGTGGTCGTGGGAGCC-3'
	E.coRI cutting site is in bold

	
	Re: 5’-TAGGCCCAATCTTTGGCG-3'
	

	Truncated XXBP1
	Fw: 5’-GCGCGAATTCAATGGTGGTCGTGGGAGCC-3'
	E.coRI and XhoI cutting site is in bold

	
	Re: 5’-GCGCCTCGAGTTATAGGCCCAATCTTTGGCG-3'
	

	XMLP G2A
	Fw: 5’-GCGCGAATTCAATGGCTAGCGTAGAG-3'
	alanine codon is in bold

	
	Re: 5’- GCGCCTCGAGCTATTCCTCCTGTTT -3'
	

	XMLP S83A
	Fw: 5’-CTTGAAAGCGAACCTCTT-3'
	alanine codon is in bold

	
	Re: 5’-AACCTGAAGTTCGGTAAT-3'
	

	XMLP ED
	1: 5’-TGCCTGCTTTCCCGGTGG-3'
	

	
	2: 5’-TTCAAGAACCTGAAGTTCGGTAAT-3'
	

	XMLP subcone
	Fw: 5’-GCGCGAATTCAATGGGTAGCGT-3' 
	E.coRI and XhoI cutting site are in bold

	
	Re: 5’-GCGCCTCGAGCTATTCCTCCTG-3'
	

	CMV
	Fw: 5’-CGCGCCTGCAGGTCGACACTA-3'
	XhoI cutting site are in bold

	
	Re: 5’-GCGCCTCGAGCTATTCCTCCTG-3'
	

	SD
	2: 5’-TTGGTCTGCCTGCTTGTTGCT-3'
	

	
	3: 5’-AAAACCAATGGCGACGCCCCC-3'
	


2.9.2 The constructs for XXBP-1

The coding region of XXBP-1 was subcloned into pCS2+ (Turner et al., 1994) by PCR with the primers of XXBP-1 subclone Rw and Re.

2.9.2.1 XXBP1-VP16

To construct XXBP1-VP16, the sequences encoding VP16 activation domain and the sequence encoding the first 126 amino acids of XXBP-1 containing the bZIP were fused together (Figure 3.2-14). 

The sequence of VP16 activation domain (VP16, 261bp, Friedman et al., 1988) was PCR amplified from VPXvent-1 (Onichtchouk, 1998) by pfu DNA polymerase with the primers, 5’-phosphorylated VP16 Fw and VP16 Re (see 2.9.1). The amplified product was XbaI cut and gel purified. The sequence corresponding to the first 126 amino acids containing the bZIP of XXBP-1 was PCR amplified from pCS2-XXBP-1 by pfu DNA polymerase using primers: XXBP-1 Fw and 5’-phosphorylated XXBP-1 Re (see 2.9.1). The amplified products were EcoR I cut and gel purified. Afterwards the VP16- and bZIP-containing fragments were filled in EcoRI –XbaI cut pCS2+ to get XXBP1-VP16.

2.9.2.2 XXBP1-Eve

To construct XXBP1-Eve, the sequence encoding the even-skipped repression domain (Han and Manley, 1993) was fused with the sequence from XXBP-1 as that for constructing XXBP1-VP16. The even-skipped repression domain sequence (Eve, 777bp) was PCR amplified from EveXvent1 (Onichtchouk et al., 1998) with the primers: 5’-phosphorylated Eve Fw and Eve Re (see 2.8.1). The amplified product was phosphorylated, XbaI cut and gel purified. Afterwards Eve- and the bZIP-containing fragments were colligated with EcoRI –XbaI cut pCS2+ to obtain XXBP-Eve.

2.9.2.3 XXBP1-EnR and truncated XXBP-1

The sequence encoding the first 126 amino acids of XXBP-1 containing the bZIP region with a stop codon at 3’-end was subcloned to pCS2+ to yield truncated XXBP-1. In addition, the bZIP-encoded region was also transferred to pCS2MTEnR to obtain XXBP1-EnR with Drosophila engrailed repressor domain at the carboxyl terminal and 6 myc epitopes tag at the amino terminal. 

2.9.3 The constructs for XMLP

The predicted XMLP open reading frame sequence was subcloned into pCS2+ with PCR using the primers of XMLP subcone Fw, and Re.

XMLP G2A mutant was generated from XMLP-pCS2+ with the primers of XMLP G2A Fw and Re (see 2.9.1) changing glycine at position 2 to alanine. XMLP S83A mutant was obtained by amplifying XMLP-pCS2+ with long distance PCR using a pair of 5’-phosphorylated primers: XMLP S83A Fw and Re. The PCR products were digested with DpnI to remove the parental DNA and afterwards the resultant was blunt-end ligated with T4 DNA ligase. The supposed phosphorylation site serine at position 83 was replaced by alanine. For the XMLP ED mutant, the fragment of 5'-ED was amplified form XMLP-pCS2+ with the primers of XMLP subclone Fw and 5’-phosphorylated ED primer 1, and the fragment of 3'-ED was amplified with 5-phosphorylated ED primer 2 and XMLP subclone Re. Afterwards 5'- and 3'-ED were cut by EcoRI and XhoI, respectively, and then coligated with EcoRI- XhoI- digested pCS2+. For XMLP SD mutant, the subclone was performed in two steps. First, 5'-SD was amplified from XMLP-pbk-CMV containing full sequence of XMLP with two primers: CMV-Fw and 5’-phosphorylated SD primer 2, in turn was cut by EcoRI and gel purified. 3'-SD was amplified with 5’-phosphorylated SD primer 3 and XMLP subclone Re, cut by XhoI, gel purified. The 5' and 3' terminal SD were coligated with EcoRI- and XhoI- cut pCS2+. Second, the resultant was amplified with XMLP subclone Fw and Re, and subcloned into pCS2+.  









