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2. Materials and methods


2. Materials and Methods

2.1 Preparation of embryos
Eggs of Xenopus laevis were obtained by the way of hormone induction. Various doses (250-1,500 IU, depending on the condition of frogs) of chorionic gonadotropin (Sigma, cat.no.: CG-10) dissolved in 0.4% NaCl solution were subcutaneously injected to the dorsal lymph sac of healthy female frogs. In general the injected frogs were kept at room temperature waterbath overnight and began spawning eggs the next morning. In some cases when the frogs wouldn’t give eggs the next morning, then an additional dose of around 500 IU was injected.

Testes used for in vitro fertilization were dissected out from adult male frogs and maintained in L-15 (Leibovitz, Sigma, cat.no.: L-4386) solution (5 ml L-15, 1 ml calf serum (Sigma, C-6204), 4 ml sterile water and 100 µl penicillin/ streptomycin stock solution (10,000 IU/10,000 µg/ml)) on ice or at 4°C. In this way they can be kept for as long as two weeks, still viable of fertilization.

For in vitro fertilization, female frogs were encouraged to lay eggs into a large petri dish by gentle squeezing. Simultaneously a small piece of testis was cut into fine pieces with scissors, suspended in 0.5-1 ml 0.1( MMR (Marc’s Modified Ringer’s Solution; 1(: 100 mM NaCl, 2 mM KCl, 2 mM CaCl2, 1 mM MgCl2, 5 mM HEPES, pH7.4) and transferred onto the eggs. The eggs were gently mixed well with the sperm suspension, spread to a single layer on the bottom of petri dish. Five minutes later, plenty volume of 0.1( MMR was added to the fertilized eggs so that they could be submerged in the solution. About 30-40 min later, fertilization rates can be determined by observing cortical rotation. Embryos were dejellyed with 2% cysteine (Merck, cat.no.: 1.02839.0100) adjusted to pH8.0, washed intensively and cultured in 0.1( MMR until the desired stages (Nieuwkoop and Faber, 1967).

When used for whole mount in situ hybridization, normal or treated embryos at the desired stages were first fixed in HEMFA (0.1 M HEPES, 2 mM EGTA, 1 mM MgSO4, 4% formaldehyde) for 1 hr at room temperature, then dehydrated in 100% ethanol and stored at –20°C. For RT-PCR, embryos were snap-frozen in liquid nitrogen and stored at –80°C.

2.2 Screening of cDNA library using whole mount in situ hybridization

The screening procedure started from a (ZAP ExpressTM cDNA library, which was constructed with endoderm-like tissue induced from disaggregated/ reaggregated Xenopus animal caps treated with activin (Cao et al., 2001). A part of the phage cDNA library was converted to plasmid library by in vivo excision of the pBK-CMV phagemid vector containing cloned insert from the phage vector, according to the manufacturer’s protocol (Stratagene). Single colonies were grown using the phagemid library on LB-kanamycin agar plates (LB agar, Sigma, cat.no.: L-2897). Around 4,000 single colonies were randomly picked out and cultured separately in each well of the 96-well microplate that contained 2( LB medium (LB broth, Sigma, cat.no.: L-3022). The strategy of large-scale whole mount in situ hybridization was employed for library screening.

2.2.1 PCR amplification of cDNA inserts

To prepare antisense RNA probes used for in situ hybridization, cDNA inserts were amplified using PCR with forward primer CMV-F and reverse primer CMV-R. The amplified products contained the whole inserts and T7 promoter, allowing transcription of antisense RNA using T7 RNA polymerase. Amplification was carried out in a volume of 20 µl.    

Preparation of PCR mixture:

sterile millipore H2O





16.14 µl

10( PCR buffer 





2        µl

dATP, dCTP, dGTP, dTTP mix (25 mM each, 

Roche Molecular Biochemicals, cat.no.:1969064)
0.16   µl

CMV-F (10 M)





0.3     µl

CMV-R (10 M)





0.3     µl

single colony culture medium as template

1        µl

Goldstar Taq DNA polymerase (5 U/µl, 

Eurogentec, cat.no.: L026/E01-7)

0.1     µl










20      µl

PCR mixture was loaded to each well of a 200 µl Thermal Cycler (thin walled 96 well) Plate (Whatman, cat.no.: 7703-1901). Amplification program was as follow: predenaturation at 95°C for 4 min; then 40 cycles of denaturation at 95°C for 45 sec, annealing at 56°C for 45 sec, and extension at 72°C for 3 min; afterwards an extra extension of 10 min. Five microliters of the amplification products were directly used for transcription.

Primers:

CMV-F (forward): 5’-CGCGCCTGCAGGTCGACACTA-3’ 

CMV-R (reverse): 5’-GCAAGGCGATTAAGTTGGGTA-3’

2.2.2 Transcription of antisense RNA probes for library screening

For the experiments hereinafter in which RNase was a concern, all solutions were prepared with DEPC (Sigma, cat.no.:D-5758) treated millipore water, and all RNase-free utensils and disposables were used. 

Preparation of rNTP mixture:
rATP (10 mM)





50    µl

rCTP (10 mM)





50    µl

rGTP (10 mM)





50    µl

rUTP (10 mM)





32.5 µl

fluorescein-12-UTP (10 mM, Roche Molecular

 Biochemicals, cat.no.: 1373242)


17.5 µl










200  µl

Preparation of transcription reaction mixture:
PCR product





5      µl

5( transcription buffer



4      µl

DTT (0.75 M)





0.8   µl

rNTP mix





2      µl

RNase inhibitor (40 U/µl, Strategene,

cat.no.: 300151)



0.25 µl

T7 RNA polymerase (50 U/µl, Stratagene,

cat.no.: 200340)



0.25 µl

DEPC-H2O





7.7   µl

20    µl


Transcription was performed at 37°C for 4 hrs. Probes were purified with Sephadex G-50 (medium, Sigma, cat.no.: G-50-150) in 96-well filter plates. The Sephadex G-50 columns were prepared as follow: 50 g of Sephadex G-50 was suspended thoroughly in 700 ml of Sephadex G-50 storage solution (0.1% SDS, 0.3 M NaCl, 10 mM Tris-HCl pH8.0) and autoclaved. This suspension was loaded with full volumes to each well of the 96-well filter plates, which were spun at 1,200 rpm for 10 min to condense Sephadex. Afterwards adequate volumes of STE (50 mM NaCl, 10 mM Tris-HCl pH7.5, 2 mM EDTA) buffer were loaded to each well to equilibrate the Sephadex columns for twice. Centrifuge at 1,200 rpm for 5 min. To purify the probes, transcription products were loaded to the columns and centrifuge at 1,200 rpm for 10 min. Probes were subsequently collected and examined with agarose gel electrophoresis without EtBr.

2.2.3 Whole mount in situ hybridization
The protocols were essentially as described (Harland, 1991; Oschwald et al., 1991; Jowett, 2001). For single hybridizations, digoxigenin-labeled probes were always used and a purplish dark color was developed with chromagen NBT/BCIP; for double hybridization, a digoxigenin-labeled probe and a fluorescein-labeled probe were used simultaneously.

Whole mount in situ hybridization was performed in glass vials with a volume of 5 ml; while large scale hybridization was performed in a special 4(6 well stainless steel plates fitting in 4(6 tissue culture plates (Nalse Nunc International, cat.no.: 146485). The volumes of all solutions used were 4 ml in each glass vial and 500 µl in each well of a plate. All treatments were made at RT unless otherwise indicated in the experimental procedure.

Embryos at three representative stages: gastrula, neurula and tailbud, were used for library screening.

Solutions:

10( PBS: 0.1 M Na2HPO4, 20 mM KH2PO4, 1.4 M NaCl, 28 mM KCl.

PTw: 1( PBS, 0.1% Tween-20 (Sigma, cat.no.: P-1379).

20( SSC: 3 M NaCl, 0.3 M sodium citrate.

100( Denhart’s solution: 2% BSA (Sigma, cat.no.: A-2153), 2% PVP (Sigma, cat.no.: P-5288), 2% Ficoll-400 (Sigma, cat.no.: F-4375).

Hybridization solution: 50% formamide (Sigma, cat.no.: F-7503), 5( SSC, 1 mg/ml Torula RNA (Sigma, cat.no.: R-6625), 100 g/ml heparin (Sigma, cat.no.: H-9399), 1( Denhart’s solution, 0.1% Tween-20, 0.1% CHAPS (Sigma, cat.no.: C-5849), 10 mM EDTA.

5( MAB: 0.5 M maleic acid, 0.75 M NaCl, pH7.5.

10% BMB: 10% Boehringer Mannheim Blocking Reagent (Roche Molecular Biochemicals, cat.no.: 1096176) in 1( MAB, autoclave, aliquot and store at –20°C.

goat serum (Gibcol BRL, cat.no.: 16210-064, or Sigma, cat.no.: G-9023): treat at 55°C for 30 min, aliquot and store at –20°C.

APB: 100 mM Tris-HCl pH9.5, 50 mM MgCl2, 100 mM NaCl, 0.1% Tween-20.

NBT (Roche Molecular Biochemicals, cat.no.: 1087479) stock solution: 75 mg/ml NBT in 70% dimethylformamide, -20°C.

BCIP (Roche Molecular Biochemicals, cat.no.: 1383221) stock solution: 50 mg/ml BCIP in 100% dimethylformamide, -20°C.

NBT/BCIP stock solution (Roche Molecular Biochemicals, cat.no.: 1681451), 4°C.

Magenta phosphate (Molecular Probes, cat.no.: B-8409) stock solution: 50 mg/ml in 100% dimethylformamide, -20°C.

Tetrazolium red (Sigma, cat.no.: T-8877) stock solution: 75 mg/ml in 70% dimethylformamide, -20°C.

Fast Red (Roche Molecular Biochemicals, cat.no.: 1496549) chromagenic solution: 1 Fast Red tablet in 2 ml of 0.1 M Tris-HCl pH8.2.

Day 1

Rehydration of embryos:
100% ethanol








5 min
 1(
75%  ethanol in H2O







5 min
 1(
50%  ethanol in H2O







5 min
 1(
25%  ethanol in PTw







5 min
 1(
PTw









5 min
 4(
proteinase K treatment:
Embryos in each vial were treated with 10 µg/ml proteinase K (Sigma, cat.no.: P-2308) in 2 ml PTw for 15-30 min, depending on different stages. Generally gastrula or early embryos were treated for about 10-15 min, neurulae for 20 min, while longer treatment was used for later stages. The embryos were immediately subject to subsequent steps.

acetification: 

0.1 M triethanolamine (pH7.5) (Sigma, cat.no.: T-1502)
 
5 min
  2(
0.1 M triethanolamine (pH7.5) 4 ml + acetic anhydride 10 µl
5 min   1(
0.1 M triethanolamine (pH7.5) 4 ml + acetic anhydride 20 µl
5 min   1(
PTw









5 min   2(
fixation and washing:
PTw+4%FA








20 min 1(
PTw









5 min   5(
For large-scale hybridization in library screening, a bleaching step was added here to remove the pigments on embryos, so as to facilitate observation of signals immediately after color development. While this bleaching may cause the embryos to be fragile, therefore, in other cases the embryos were only bleached after color development.

bleaching:
5( SSC+50% formamide+1% H2O2
     

light
       5-25 min 1(
5( SSC+50% formamide






10 min 5(
hybridization:
First the embryos in each vial were briefly washed with a mixture of 500 µl PTw and 500 µl hybridization solution, then washed once more with 1 ml hybridization solution at 65°C for 10 min. Afterwards prehybridization was performed in 1 ml hybridization solution at 60°C for 6 hrs. Then hybridization was carried out in 1 ml hybridization solution containing antisense RNA probes at 60°C overnight.

Day 2

Probes in hybridization solution were collected and stored at –20°C for future use up to multiple times. Subsequently the embryos were subject to the following steps.

washing:
hybridization solution 500 µl




60°C   10 min  1(
2( SSC








60°C   20 min  3(
RNase treatment:
20 µg/ml RNase A (Sigma, cat.no.: R-5000) +10 U/ml RNase T1 (Roche

Molecular Biochemicals, cat.no.: 109193) in 2( SSC
37°C
1hr
   1(
again washing:
2( SSC









10 min  1(
0.2( SSC







60°C
30 min  2(
then blocking:
MAB









15 min  2(
MAB+2% BMB







15-60 min  1(
MAB+2% BMB+20% goat serum (Gibcol BRL,

cat.no.: 16210-064, or Sigma, cat.no.: G-9023)

60 min  1(
and antibody incubation:
MAB+2% BMB+20% goat serum+

anti-digoxigenin antidody (1:5000, Roche 

Molecular Biochemicals, cat.no.: 1093274)


4 hrs     1(
again washing:
MAB









30 min  2(
MAB








4°C
overnight

Day 3

chromagenic reaction with NBT/BCIP:
MAB









1 hr      1(
APB









5 min   2(
2 µl of NBT stock/3.5 µl BCIP stock in 1 ml APB 

or every 20 µl NBT/BCIP stock in 1 ml APB

5 min-1 week

After sufficient staining, embryos were treated in absolute methanol for 10 min to make color differentiation. In the case of large scale in situ hybridization, now the stained embryos were ready for observation. Otherwise the embryos would be bleached in methanol/10% H2O2 for one to two weeks. Then embryos were stored in HEMFA or subject to sectioning.

For double hybridization, the fluorescein-labeled probes, which represent more abundant transcripts, must be viewed first. Also, Fast Red should be the first chromagenic reagent if it is used. If magenta phosphate/tetrazolium red is used for double staining, then either magenta phosphate/tetrazolium or NBT/BCIP can be used first, and chromagenic reaction protocol is exactly the same. Albeit magenta phosphate generally produces slight or even no background staining, the signal is weak and much longer time is required for color reaction. The concentration of antibody could vary to some extent. For the detection of rare transcripts, such as the genes expressed in the primary neurons, the concentration of anti-fluorescein antibody can be increased to 1:2,000, and the anti-digoxigenin antibody can be 1:1,000. The following is a protocol for double in situ hybridization:

Day 1-2

The same as described above.
Day 3

chromagenic reaction with Fast Red:
MAB









1 hr       1(
0.1 M Tris pH8.2







5 min    2(
1 Fast Red tablet in 2 ml 0.1 M Tris (pH8.2)



5 min-48 h

or Day 3
chromagenic reaction with magenta phosphate/tetrazolium red:
MAB









1 hr       1(
APB









5 min    2(
3.5 µl of magenta phos stock/4.5 µl tetrazolium red stock



in 1 ml APB







5 min-72 h

When the first signal reached the desired intensity, the following steps were followed for the second signal development.

Day 1

stop the first chromagenic reaction:
PTw                                                           



5 min     2(
inactivation of the first alkaline phosphatase activity (the red signal by Fast Red is unstable in heat and organic solvents, therefore the first alkaline phosphatase activity is killed with low pH instead of heating. While in the case of magenta phosphate, the color precipitate is stable in heat and organic solvents):

0.1M glycine hydrochloride (Sigma, cat.no.: G-2879) pH2.2   
30 min   1(
thorough washing:
PTw









5 min     5(
signal fixing:
PTw+4%FA








20 min   1(
again blocking and anti-digoxigenin antibody incubation:
MAB









10 min    3(
MAB+2%BMB







30 min    1(
MAB+2%BMB+20% goat serum





1 hr         1( 

MAB+2%BMB+20% goat serum

          

+anti-digoxigenin antibody (1:1000)


4 hrs        1(
washing:
MAB









30 min     2(
MAB








4°C 
overnight 

Day 2 

chromagenic reaction with NBT/BCIP:
The same as described above.

For rare transcripts, color reaction was performed at RT or 37°C; while for abundant transcripts, it was carried out at 4°C. Chromagenic reaction was stopped with washing in PTw.

After large scale in situ hybridization, clones that generated staining patterns of potential interests were singled out and respective plasmids were prepared. Around 300-500 bp of inserts in these plasmids were sequenced and compared with Genbank databases. Finally 3 clones were selected to get full sequences of the inserts.

2.3 Plasmid preparation
2.3.1 Using TELT
At some occasions a mini-preparation of plasmids was performed for sequencing or diagnostic purposes, as described below:

1) Harvest cells from 1.5 ml overnight culture by centrifugation at 6,000 rpm for 5 min, using a conventional table-top microcentrifuge;

2) Remove supernatant completely with vacuum sucking and resuspend the cells in 150 µl TELT solution (50 mM Tris-HCl pH7.5, 10 mM EDTA, 3.2 M LiCl, 0.5% Triton X-100); 

3) Add 15 µl of 50 mg/ml lysozyme (Sigma, cat.no.: L-6876) to the cells, mix well by vortexing, and incubate at RT for 5 min;

4) Incubate the cells in boiling water for 2 min and immediately chill on ice for 5 min;

5) Centrifuge at full speed (13,000 rpm) for 8 min. Remove the pellets of cell debris and genomic DNA with sterile toothpicks;

6) Add 100 µl isopropanol to the supernatant and vortex;

7) Centrifuge at full speed for 15 min. Remove supernatant with pipette and wash pellets with 200 µl 70% ethanol;

8) Centrifuge at full speed for 5 min, remove supernatant carefully and air-dry plasmid pellets;

9) Dissolve the pellets in 30 µl of 10 mM Tris-HCl (pH8.5) containing 10 ng/l RNase A, incubate first at RT for 2-5 min and then at 65°C for 5 min;

10) Spin down and transfer the solution into a new tube, store at –20°C.

2.3.2 Using QIAGEN Plasmid Midi Kit

For in vitro transcription, plasmids were prepared using QIAGEN Plasmid Midi Kit (Qiagen, cat.no.: 12143). The protocol provided with the kit was eventually followed. Concentrations of samples were determined with UV-spectrophotometer.

2.4 Agarose gel electrophoresis

The protocol for agarose gel electrophoresis was essentially as described (Sambrook et al., 1989).

2.5 Preparation of antisense probes for functional analyses

Plasmids were linearized with respective restriction endonucleases and purified using QIAquick PCR purification kit (Qiagen, cat.no.: 28104). The protocol provided with the kit was exactly followed. Every 1 µg of the linearized plasmids was used for antisense probe transcription. Afterwards probes were purified using Qiagen RNeasy kit (Qiagen, cat.no.: 74104). The protocol of the kit was essentially followed, with only minor modification in that 400 µl of buffer RLT was used instead of 350 µl. Because it was observed that, for purification of in vitro transcripts, the yield was quite low when 350 µl of buffer RLT was used as recommended by the kit protocol. While 50 µl more of RLT will increase the yield about two folds.

For each whole mount hybridization, 1/2 of the antisense probes prepared from 1 µg linearized plasmids were used in 1 ml of hybridization solution. While in the case of N-tubulin, 1/8 of the antisense probe prepared from 1 µg of linearized plasmid was used in 1 ml of hybridization solution. Empirical experiments showed that higher concentrations of probes brought about heavy background overstaining.

XODC1 (Bassez et al., 1991) was cut with BamHI and transcribed with T3 RNA polymerase, XODC2 was cut with NdeI and transcribed with T7, XCL-2 was cut with EcoRI and transcribed with T7, Chordin and Xsox3 were cut with EcoRI and transcribed with T7, Xbra, XNAP and Xvent-1 were cut with SalI and transcribed with T7, XMyoD was cut with BamHI and transcribed with T7, Xotx2 was cut with BamHI and transcribed with T3, XETOR was cut with EcoRI and transcribed with T7, N-tubulin and Xngnr-1 were cut with BamHI and transcribed with T3, X-Delta-1 was cut with XhoI and transcribed with T7, Xaml1 was cut with SalI and transcribed with T7, XMyT1 was cut with BamHI and transcribed with T7, Xath3 was cut with NotI and transcribed with T7, ESR1 was cut with EcoRI and transcribed with SP6,  Xash3 was cut with NotI and transcribed with T3, and XNeuroD was cut with XbaI and transcribed with T7 RNA polymerase. 
2.6 Histological sections

After whole mount in situ hybridization, embryos were embedded in paraffin and sections were prepared as described (Grunz, 1973; Penzel et al., 1997).

2.7 RT-PCR

2.7.1 Total RNA preparation

Total RNA used for RT-PCR was extracted from whole embryos of stages 0-42 or adult tissues, using RNACleanTM (Hybaid-AGS, cat.no.: RC100) solution.

1) Into a 1.5-ml RNase-free Eppendorf tube put 10 embryos or adequate amount of adult tissues pulverized in liquid nitrogen. Stand the tube on dry ice;

2) Add 1 ml RNACleanTM solution to each tube. Homogenize the embryos by pipetting until no cell clumps can be seen;

3) Add 100 µl (0.1 volume) CHCl3 to each tube, mix well by vortexing;

4) Incubate the tubes on ice for 5 min;

5) Precipitate the homogenate at 13,000 rpm at 4°C for 15 min;

6) Carefully transfer the aqueous phase to a new tube, and add 600 µl of isopropanol, mix well;

7) Incubate the tube at –20°C for 15 min;

8) Pellet RNA at 13,000 rpm at 4°C for 15 min;

9) Wash RNA pellet twice: first with 900 µl of 70% ethanol, and then with 500 µl of 70% ethanol;

10) Air-dry the RNA pellet for about 10 min;

11) Dissolve the RNA pellet in 50 µl of DEPC-H2O, check the purity and concentration with UV-spectrophotometer and the integrity with agarose gel electrophoresis, and store the sample at –80°C.

2.7.2 Reverse transcription   

Reverse transcription was carried out in a total volume of 20 µl.

1) Preparation of Mix1:

Total RNA (0.5 µg/µl)




2   µl

Hexamer random primer p(dN)6 (0.1 mM, Roche


Molecular Biochemicals, cat.no.:1034731)

1   µl

DEPC-H2O






9   µl

 








12 µl

2) Incubate the mixture at 70°C for 10 min. Immediately chill on ice;

3) Preparation of Mix2:

5( first strand buffer

4  µl 

0.1M DTT


2  µl

dNTPs mix (10 mM each)
1  µl






7  µl

4) Add Mix1 and Mix2 together and mix well gently, precipitate briefly, then incubate at 25°C for 10 min;

5) Add 1 µl (200 units) of SuperScriptTMII Reverse Transcriptase (Gibcol BRL, cat.no.: 18064-014) to the above mixture in step 3); for negative control (RT-), add 1 µl DEPC-H2O instead of reverse transcriptase to make a total volume of 20 µl. Mix well;

6) Incubate the transcription mixture first at 42°C for 50 min, then at 70°C for 15 min. Afterwards store the sample at –20°C.

2.7.3 PCR

Amplification was performed in total volume of 50 µl.

Preparation of PCR mixture:
H2O






32.9 µl

10( PCR reaction buffer



5      µl

dNTPs mix (1.25 mM each)


8      µl

forward primer (50 )



1      µl

reverse primer (50 M)



1      µl

RT product





2      µl 

Goldstar Taq DNA polymerase (5 U/µl)

0.1   µl

50    µl

The annealing temperatures and numbers of cycles for amplification were dependent on primers used. For XODC1, the annealing temperature was 55°C and cycle number was 27; for XODC2, 60°C, 29 cycles; XCL-2, 60°C, 31 cycles. Because probably the transcripts of XETOR are very rare, it had been not possible to obtain enough products for detection in one round of amplification even the cycle numbers were increased to as many as 45, therefore temporal expression of XETOR was not analyzed with RT-PCR. For all amplifications, 25 µl of each final product was loaded into 1% agarose gels for electrophoresis detection with EtBr.

2.7.4 Primers used for RT-PCR
XODC1 (product size: 387 bp): 

 
forward:
5’-GGGCAAAGGAGCTTAATGTG-3’

 
reverse:
5’-CATTGGCAGCATCTTCTTCA-3’

XODC2 (product size: 404 bp): 

 
forward:
5’-AGCTGGGAGCTGGATTTGACTG-3’

 
reverse:
5’-GCGTGCATCAGAAATAGCCTGA-3’

XCL-2 (product size: 400 bp):

 
forward:
5’-AGAGGTCGCCAGGAGAAGTTGA-3’

 
reverse:
5’-TACAGCACGGCTCATTGTTCGT-3’

2.8 Generation of complete coding sequences of XCL-2 and XETOR with RACE

Coding sequences of XCL-2 and XETOR were found to be incomplete at their 5’ ends. Therefore 5’RACE (Frohman et al., 1989) was employed to get the complete coding regions from poly(A)+ RNA. 

2.8.1 Preparation of poly(A)+ RNA

About 500 µg of total RNA was extracted from 100 embryos at stage 25 for XCL-2 or stage 30 for XETOR using the RNAcleanTM protocol. An OligotexTM mRNA Mini kit (Qiagen, cat.no.: 70022) was used to extract poly(A)+ RNA from 500 µg of total RNA. The midi-preparation protocol in the kit was essentially followed except that the time for secondary structure disruption and for Oligotex:mRNA hybridization was doubled. In addition, the steps from secondary structure disruption to Oligotex:mRNA complex precipitation were repeated once. Finally the poly(A)+ RNA from 500 µg of total RNA was dissolved in 30 µl elution buffer and checked with agarose gel electrophoresis.

2.8.2 Isolation of 5’ end coding sequence of XCL-2
1) First-strand cDNA synthesis
Preparation of first-strand cDNA synthesis mix:
cDNA synthesis buffer





4   µl
dNTPs mix (10 mM each)





2   µl
gene-specific cDNA synthesis primer 11sp1 (12.5 µM)
1   µl
poly(A)+ RNA







10 µl

AMV reverse transcriptase (20 units/µl, Roche

Molecular Biochemicals, cat.no.: 1495062)

1   µl

RNase-free H2O






2   µl

20 µl

2) The mixture was incubated at 55(C for 60 min and then at 65(C for 10 min.

3) Purification of cDNA: First-strand cDNA was purified using High Pure PCR Product Purification Kit (Roche Molecular Biochemicals, cat.no.: 1732668) according to the instruction manual of the kit. Finally the cDNA was eluted with 50 µl of 10 mM Tris-HCl pH8.5 instead of 1 mM Tris-HCl.

4) Tailing reaction of cDNA: A poly dA tail should be added to the 3' end of the cDNA. 

Preparation of the following mixture:
purified cDNA
19   µl

10( reaction buffer
2.5  µl

dATP (2 mM)

2.5  µl

24   µl



5) The above mixture was incubated first at 94(C for 3 min and then immediately chilled on ice. Afterwards 1 µl of terminal transferase (10 units/µl, Roche Molecular Biochemicals, cat.no.: 220582) was added to the mixture and incubated for 30 min at 37(C for tailing and 10 min at 70(C for the inactivation of terminal transferase. This dA-tailed cDNA was directly used as template for PCR.

6) First round of PCR amplification

Preparation of PCR mixture:
H2O






29.5 µl
10( PCR reaction buffer



5      µl
dNTPs mix (1.25 mM each)


8      µl
dA-tailed cDNA




5      µl

anchor-dT primer (12.5 µM)


1      µl

gene-specific nested primer 11sp2 (12.5 µM)
1      µl

PfuTurbo( DNA polymerase (2.5 units/µl,

Stratagene, cat.no.: 600250)

0.5   µl

50    µl

Reaction mixture was incubated for 2 min at 94(C and followed first by 5 cycles of (94(C, 45 sec; 55(C, 1 min; 72(C, 3 min) and then by 33 cycles of (94(C, 45 sec; 60(C, 1 min; 72(C, 3 min), finally an extra extension at 72(C for 10 min. The first round PCR product was purified and every 2% of it was used as template in the second round of PCR in a total reaction volume of 100 µl. In the second round, the simple anchor primer and a further nested gene-specific primer 11sp3 were used. Thirty cycles of (94(C, 45 sec; 60(C, 1 min; 72(C, 2.5 min) were carried out. The final PCR product was extracted from agarose gel using QIAquick Gel Extraction kit (Qiagen, cat.no.: 28704) and sequenced. A final cDNA sequence of 2639 bp was obtained. The putative translation initiation codon for ORF is preceded by a stop codon 12 triplets upstream, indicating that the coding region is complete.

2.8.3 Isolation of 5’ end coding sequence of XETOR
Because XETOR is a rare transcript in Xenopus embryonic cells, it was not successful to get the correct 5’ coding region with the above method, probably due to its low specificity. Therefore the SMART™ RACE cDNA Amplification Kit (Clontech, cat.no.: K1811-1) and the protocol provided by the kit was used instead. cDNA was first reverse transcribed from Poly(A)+ RNA from stage 30 embryos using gene-specific primer GSP-RT and SuperScriptII RNaseH- Reverse Transcriptase (Gibcol BRL, cat.no.: 18064-014). The first strand cDNA was used as template in the first round of RCR, which was performed first at (94(C, 10 sec; 72(C, 3min) for 5 cycles, then at (94(C, 10 sec; 70(C, 15 sec; 72(C, 3 min) for another 5 cycles, and again at (94(C, 10 sec; 68(C, 15 sec; 72(C, 3 min) for 25 cycles, using a nested gene-specific primer GSP1 and the Universal Primer Mix in the kit. In order to obtain adequate quantity of product, a second round of PCR was performed using the first round PCR product as template and a further nested gene-specific primer NGSP1 and the Nested Universal Primer in the kit. The product was purified again from agarose gel and sequenced. A final cDNA sequence of 2936 bp was obtained. The putative translation initiation codon for ORF is also preceded by a stop codon 11 triplets upstream, indicating that the coding region is complete.
2.8.4 Primers used for 5’RACE

Anchor-d(T) primer: 5’-GACCACGCGTATCGATGTCGACT17-3’

Simple anchor primer: 5’-GACCACGCGTATCGATGTCGAC-3’

11sp1: 5’-CGAGGTGGGCATCTGTATGGTC-3’ 

11sp2: 5’-TACAGCACGGCTCATTGTTCGT-3’

11sp3: 5’-TGGTGAGGGTGTCAGGAGACAG-3’ 

GSP-RT: 5’-TGTTCTGCTCCCAAAGTCACGA-3’

GSP1: 5’-TATCCACTTCCTGACAGCGACGCAGCAC-3’

NGSP1:  5’-TCTAACGTCCCGGTGTTCGCCGATCTTG-3’

2.9 Constructs
In order to investigate the functions of XODC2, XCL-2 and XETOR for embryogenesis, expression constructs and a series of mutants were made for these genes.
2.9.1 XODC2 constructs

The open reading frame of XODC2 was amplified from plasmid pBK-CMV-XODC2 using PCR with primers 4Forf and 4Rorf, and subcloned to EcoRI-XbaI sites of pCS2+ to make pCS2+XODC2. It was previously shown that a mutant of human ODC in which the active site K69 and C360 were both changed to A works in a dominant negative manner in vivo, therefore, these two corresponding sites, K68 and C357, in XODC2 were also mutated to make a similar mutant by the way of PCR. First, three fragments P1, P2 and P3 were PCR amplified from pBK-CMV-XODC2 with primer pairs 4Forf and K68A-R, K68A-F and C357A-R, and C357A-F and 4Rorf, separately. Fragments P1 and P2 were then joined together to make P12 with primers 4Forf and C357A-R, and finally P12 was joined with P3 to make a full sequence of ORF using primers 4Forf and 4Rorf but K68 and C357 were changed to A, separately. This mutated ORF was again subcloned to EcoRI-XbaI sites of pCS2+ to make pCS2+dnXODC2. Both constructs were confirmed by sequencing.

Primers:

4Forf (forward): 5’-ccggGAATTCAAAATGCAAGGGTATATCCA-3’

4Rorf (reverse): 5’-gcTCTAGAgcTCAAATGATGCTGGTGGCTG-3’
K68A-F (forward): 5’-ttctatgcagtgGCGtgtaacagc-3’ (mutated codon underlined, aag(GCG)

K68A-R (reverse): 5’-gctgttacaCGCcactgcatagaa-3’
C357A-F (forward): 5’-ggacccacgGCCgatggcttagat-3’ (mutated codon underlined, tgc(GCC)

C357A-R (reverse): 5’-atctaagccatcGGCcgtgggtcc-3’
2.9.2 XCL-2 constructs
Both wild type and dominant negative expression construct were made for XCL-2. To subclone the ORF of XCL-2, first-strand cDNA was synthesized in exactly the same way as used in RACE, except that the cDNA synthesis primer was simple11#rorf. Wild-type ORF was PCR amplified from the purified cDNA using primers n11#forf and n11#rorf. To construct a dominant negative mutant, in which the active site C105 was mutated to S, two fragments were PCR amplified from the same cDNA above, using primer pairs n11#forf and 11#C105Sr (300 bp), and 11#C105Sf and n11#rorf (1800 bp), respectively. Then a mutated complete ORF was generated by PCR linking the two fragments together using primer pair n11#forf and n11#rorf. Finally, the amplified wild-type ORF and mutated ORF, both of 2100 bp, were purified from agarose gel, double digested with ClaI and XbaI, and ligated to the ClaI and XbaI sites of pCS2+ to make pCS2+XCL-2 and pCS2+C105S, separately. Both constructs were confirmed by sequencing.

Primers:

simple11#rorf: 5’-TCAGACCAATGTTGCGCAGAGCC-3’

n11#forf: 5’-CCATCGATGGCCCATCATGTCGAGAAGTGCTG-3’ 

n11#rorf: 5’-GCTCTAGAGCTCAGACCAATGTTGCGCAGAGCC-3’

11#C105Sf: 5’-CCTCGGGGATTCCTGGCTTCTG-3’ (mutated codon underlined, TGC(TCC)

11#C105Sr: 5’-CAGAAGCCAGGAATCCCCGAGG-3’

2.9.3 XETOR constructs

To make an expression construct for microinjection, the open reading frame of XETOR was PCR amplified from cDNA reverse transcribed with primer 13#Rorf from stage 30 Poly(A)+ RNA, and cloned to EcoRI-XbaI sites of pCS2+ to generate pCS2+XETOR. A series of constructs of truncations (cf. Fig.3.15) were also made using PCR method. Inserts were all ligated to EcoRI-XbaI sites of pCS2+. Truncation construct 1 (assigned as p13#trunc1) consists of amino acids from 1 to 496 with NHR4 deleted using primers 13#Forf and R13#496∆; truncation construct 2 (p13#trunc2) from aa1-425 with NHR3 and 4 deleted using primers 13#Forf and R13#425∆; construct 3 (p13#trunc3) from aa216-425 with NHR1, 3 and 4 deleted using primers F13#∆216 and R13#425∆; construct 4 from (p13#trunc4) aa216-586 with NHR1 deleted using primers F13#∆216 and 13#Rorf; and truncation construct 5 (p13#trunc5) consists of aa364-586 with NHR1 and 2 deleted using primers F13#∆363 and 13#Rorf. All constructs were confirmed by sequencing.

Primers:

13#Forf: 5’-CCGGGAATTCGATAGAATGGTTGGGATTCCAGGA-3’

13#Rorf: 5’-GCTCTAGAGCTCACAGGCCATCAACAGCAGTGAC-3’

R13#425∆: 5’-GCTCTAGAGCTCAatctgttacatagcctgctcctgt-3’

R13#496∆: 5’-GCTCTAGAGCTCAgctctcagtggactcttcctgctc-3’
F13#∆216: 5’-CCGGGAATTCGATAGAATGgaaatgaatggcaatggg

aaa-3’

F13#∆363: 5’-CCGGGAATTCGATAGAATGcgtcgctgtcaggaagtg

gat-3’ 

2.10 DNA Ligation

The DNA Ligation Kit (Fermentas, cat.no.: K1412) was used for DNA ligation and the protocol in the kit was essentially followed.

Preparation of ligation mixture:
Double digested pCS2+ (0.25 µg/µl)
1.5 µl

Double digested insert


X   µl

10( ligation buffer



2    µl

T4 DNA ligase (2 U/µl)


1    µl

H2O





Y   µl








20  µl

The volume of DNA to be inserted was variable according to its concentration. In principle, the more foreign DNA is used, the higher is the possibility to obtain positive clones and also the higher is the ratio of positive clones. Ligation reaction was carried out at 22°C for 6-24 hrs, depending the quantity of foreign DNA in the ligation mixture. After ligation, 5 µl of the ligation mixture was used for E.coli transformation. Either PCR or minipreparation of plasmids from single colonies could be used to confirm positive clones. However, it is not reliable to check whether or not a ligation is successful by directly comparing the DNAs before and after ligation reaction with agarose gel electrophoresis.

2.11 Large-scale preparation of competent E. coli and transformation

2.11.1 Preparation of competent E. coli
1) Inoculate 1 ml of E.coli (strain XLOLR or XL1-Blue MFR’; Stratagene, cat.no.: #200304 or #200301) overnight culture into 500 ml LB broth with tetracycline;

2) Incubate in the orbital shaker at 37°C. Cells are ready for harvesting when OD660nm is between 0.6 and 1;

3) Quickly cool cells on ice for 10 min;

4) Transfer cells to cooled 50 ml Falcon tube and spin cells at 4,000 rpm for 10 min at 4°C using a Megafuge 1.0R tabletop centrifuge and a 3360 rotor (Heraeus Instruments), discard supernatant;

5) Wash cells with 50 ml of 0.1 M ice-cold sterile CaCl2;

6) Resuspend cells in 50 ml of 0.1 M ice-cold sterile CaCl2;

7) Leave cells on ice for 40 min, then spin cells in the same way as in step 4), discard supernatant.

8) Resuspend cells with 10 ml of ice-cold sterile 0.1 M CaCl2/20% glycerol;

9) Aliquot on ice as 100µl aliquots, snap-frozen in liquid nitrogen and store cells at -80°C.

2.11.2 E. coli Transformation

1) Ligation mix and controls or plasmids to be amplified were diluted to a volume of 10 µl, and added to pre-thawed 100 µl competent cells;

2) Incubate on ice for 30 minutes;

3) Cells were then heat shocked by placing at 42°C for 2 minutes, then quickly placed on ice for 5 minutes;

4) 400 µl (for transforming ligation products) or 800 µl (for transforming plasmids) of LB broth was added to the cells and incubated at 37°C for 42 min;

5) Plate out cells on agar containing appropriate antibiotics, such as ampicillin;

6) Single colonies would appear after incubation overnight at 37°C.

2.12 Microinjection

mRNAs used for injection were prepared as follow: NLSLacZ, pCS2+XODC2, pCS2+dnXODC2, pCS2+XCL-2, pCS2+C105S, pCS2+XETOR, p13#trunc1, p13#trunc2, p13#trunc3, p13#trunc4, p13#trunc5, X-Delta-1STU, X-Notch-1ICD (Chitnis et al., 1995), Xngnr-1 (Ma et al., 1996), XMyT1 (Bellefroid et al., 1996), XNeuroD (Lee et al., 1995), and Xash-3 (Zimmerman et al., 1993) were linearized with NotI; and Xath3 (Takebayashi et al., 1997; Perron et al., 1999) was linearized with AccI. All capped mRNAs for microinjection were prepared with SP6 CapScribe kit (Roche Molecular Biochemicals, cat.no.: 1581040). 1.0, 1.5 or 2.0 ng of mRNA of either XODC2 or dnXODC2 was injected into two dorsal or ventral blastomeres at equatorial region at 4-cell stage. 2.0 or 2.5 ng of mRNA of XCL-2, or 1.5 or 2.0 ng of mRNA of C105S alone was also injected into two dorsal or ventral blastomeres at either animal, equatorial or vegetal region at 4-cell stage. 3.0 ng, 3.75 ng or 4.5 ng of XCL-2 together with 2.0 ng of C105S was coinjected respectively in rescue experiments. The above mRNAs were injected in a total of 10 nl; 1-1.5 ng of mRNAs of XETOR and the 5 XETOR truncation mutant constructs, 500 pg of X-Delta-1STU, X-Notch-1ICD, XMyT1 or XNeuroD, 200 pg of Xngnr-1, Xash-3 or Xath3 was injected into one blastomere at equatorial region at 2-cell stage in a total of 5 or 10 nl together with 50 pg of LacZ mRNA serving as lineage tracer. LacZ alone was always injected as control. 

For loss-of-function analysis on XETOR, a morpholino antisense oligo MOXETOR with base composition 5’-GATAGGGTCCTGGAATCCCAACCAT-3’ (Gene Tools, LLC), was designed against the first 25 bases in the ORF of XETOR. A standard control antisense morpholino oligo, ctrlMO (Gene Tools, LLC), was also used for microinjection. Morpholino oligos were dissolved in RNase-free water and injected into the equatorial region of one blastomere at 2-cell stage with doses ranging 7-30 ng in a volume of 10 nl. 50 pg of LacZ mRNA was always included in the injections.

Microinjection was made in 0.1( MMR containing 4% Ficoll-400 (Sigma, cat.no.: F-4375). The injected embryos were kept for several hours or overnight at 14-16°C for healing. Afterwards the embryos were grown in 0.1( MMR till desired stages. Then injected embryos were subject to HEMFA fixation, (-gal staining and subsequent whole mount in situ hybridization or sectioning.

2.13 (-galactosidase staining

Embryos microinjected with (-galactosidase mRNA were fixed in HEMFA for 1 hr, then washed twice in PBS containing 1 mM MgCl2 and twice in staining buffer (SB: 10 mM K3Fe(CN)6, 10 mM K4Fe(CN)6, 1 mM MgCl2, in PBS), 5-10 min each time. Embryos were stained in SB containing 1.5 mg/ml freshly added 5-bromo-4-chloro-3-indolyl-(-D-galactopyranoside (X-gal, Sigma, cat.no.: B-4252) for 1-2 hrs at 37°C. After staining, embryos were washed twice in PBS, fixed in HEMFA for 30 min, and stored in 100% ethanol at –20°C, until processed for in situ hybridization.







