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[Abstract] Here, we describe a method that can be used to evaluate the function of predicted signal
peptides. This method utilizes the yeast Saccharomyces cerevisiae YTK12 strain and pSUC2 vector in
which the pSUC2 vector with fused predicted signal peptide is transformed into yeast. The function of
the signal peptides can be evaluated by using different selective media and color reaction. In this
protocol, we provide the detailed description of manipulation in order to implement easily.
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[Background] Microbial eukaryotes, such as fungi and oomycetes, secret abundant of proteins to play
a variety of functions. Currently, the most widely used method for prediction of signal peptide from amino
acid sequences is to use software SignalP (Petersen et al., 2011). The yeast YTK12 strain is invertase
negative and pSUC2 vector contains invertase gene but lack Methionine (Met) and signal peptide
sequence, thus YTK12 strain and pSUC2 vector were widely used for biological evaluation of peptide
secretion (Jacobs et al., 1997; Oh et al., 2009). In addition, the color reaction could be used to verify the
result, because the invertase enzymatic activity can be detected by the reduction of 2,3,5Triphenyltetrazolium Chloride (TTC) to insoluble red colored 1,3,5-Triphenylformazan (TPF). Although
the method has been generally used to evaluate the function of signal peptides, there is no specific and
detailed information about this method (Oh et al., 2009; Song et al., 2015). Here, we describe a modified
high-efficiency yeast transformation method (Gietz and Schiestl, 2007) and detailed protocol to evaluate
the function of signal peptides, which will be the primary part for the secretory proteins research.
Materials and Reagents

1. Pipette tips
2. 1.5 ml tubes
3. 2 ml tubes
4. 10 ml test tube
5. Millipore filter units, 0.22 µm (Millex-GP, Merck, catalog number: SLGP033RB)
6. Yeast YTK12 strain
7. pSUC2 vector
8. EcoRI restriction enzymes (Takara Bio, catalog number: 1040S)
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9. XhoI restriction enzymes (Takara Bio, catalog number: 1094S)
10. Yeast extract (OXOID, catalog number: LP0021)
11. Peptone (BD, DifcoTM, catalog number: 211677)
12. Glucose (Sinopharm Chemical Reagent, catalog number: 10010518)
13. Agar A (Sangon Biotech, catalog number: A600010)
14. Adenine hemisulfate salt (Sigma-Aldrich, Vetec, catalog number: V900375)
15. Tris-HCl (Sigma-Aldrich, catalog number: V900312)
16. EDTA (Sinopharm Chemical Reagent, catalog number: 10009617)
17. NaOH (Sinopharm Chemical Reagent, catalog number: 10019718)
18. Single-stranded carrier DNA (salmon sperm DNA, Solarbio, catalog number: D8030)
19. LiAc (Sinopharm Chemical Reagent, catalog number: 30109760)
20. PEG (Polyethylene glycol, Sigma-Aldrich, catalog number: P3640)
21. DMSO (Dimethyl Sulfoxide, Sigma-Aldrich, catalog number: D5879)
22. YNB (yeast nitrogen base without amino acids, BD, DifcoTM, catalog number: 291920)
23. -Trp DO supplement (Clontech, catalog number: 630413)
24. Sucrose (Sinopharm Chemical Reagent, catalog number: 10021418)
25. Antimycin A (Sigma-Aldrich, catalog number: A8674)
26. Raffinose (D-(+)-Raffinose pentahydrate, Bomei, CAS Number: 17629-30-0)
27. Sodium acetate (Sinopharm Chemical Reagent, catalog number: 10018718)
28. Acetic acid (Sinopharm Chemical Reagent, catalog number: 10000218)
29. KH2PO4 (Sinopharm Chemical Reagent, catalog number: 10017618)
30. Na2HPO4 (Sinopharm Chemical Reagent, catalog number: 10020318)
31. TTC (Tokyo Chemical Industry (TCI), CAS Number: 298-96-4)
32. YPD medium (1 L) (see Recipes)
33. 1x TE Buffer (100 ml) (see Recipes)
34. Single-stranded carrier DNA (2 mg/ml) (see Recipes)
35. 1.0 M LiAc (100 ml) (see Recipes)
36. 50% (w/v) PEG (100 ml) (see Recipes)
37. CMD-W medium (1 L) (see Recipes)
38. Antimycin A stock solution (50 mg/ml) (see Recipes)
39. YPRAA medium (1 L) (see Recipes)
40. 10 mM acetic acid-sodium acetate buffer (100 ml, pH = 4.7) (see Recipes)
41. Phosphate Buffer (150 ml) (see Recipes)
42. TTC Stock solution (2%) (see Recipes)
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Equipment

1. Pipettes (Mettler-Toledo International, RAININ, model: XLS)
2. Incubator (ZHICHENG, model: ZXDP-B2050)
3. Clean bench (AIRTECH, model: SW-CJ-2FD, catalog number: A11062689)
4. Water bath (Shanghai Jinghong Laboratory Instrument, model: DK-8D)
5. Vortex mixer (Kylin-Bell Lab Instruments, model: VORTEX-5)
6. Incubator shaker (Changzhou Zhiborui Instrument Manufacturing, model: THZ-D)
7. Centrifuge (Eppendorf, model: 5424)
Procedure

A. pSUC2 vector construction
1. DNA fragments that code the predicted signal peptides and the following additional two amino
acids were amplified and introduced into pSUC2 using EcoRI and XhoI restriction sites (Figure
1). The DNA sequences around enzyme cutting site are as follows and the sequences of sites
are underlined.
EcoRI: 5’ TCCAAGCTCGGAATTTTAATTAAGAATTC 3’
XhoI: 5’ CTCGAGGTTCTCCCTATAGTGAGTCGTAT 3’

Figure 1. The vector information of pSUC2. This map was modified from Jacobs (Jacobs et
al., 1997).

2. Confirm the positive transformants by PCR with pSUC2 vector-specific primers as follows, which
should be further confirmed by sequencing.
pSUC2F: GGTGTGAAGTGGACCAAAGGTCTA
pSUC2R: CCTCGTCATTGTTCTCGTTCCCTT
3. In this study, we use the recombinant plasmid that contains Avr1b signal peptide from
Phytophthora sojae that was demonstrated to be functional (Dou et al., 2008; Song et al., 2015).
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B. Transformation of plasmid DNA into yeast cells
1. Streak an YPDA agar plate with the YTK12 yeast cells from a frozen yeast stock, incubate the
plate upside down at 30 °C for 2-3 days until colonies appear.
Note: YPD medium also can be used, although yeast can get a better situation on YPDA. If
there are no special instructions, the following steps are done at the room temperature.
2. Inoculate one colony (diameter 2-3 mm) into 3 ml YPDA liquid medium in a sterile test tube,
incubate at 30 °C for 16-18 h with shaking at 220 rpm and measure the OD values at 600 nm
to get suspension with OD value more than 0.6 (OD600 > 0.6).
3. Pipette about 1.5 ml of cell suspension into a 2 ml tube and centrifuge the cells at 12,000 x g
for 1 min at room temperature.
4. Discard the supernatant and re-suspend the cells with 1.5 ml sterile distilled water or TE buffer.
5. Centrifuge the cells at 12,000 x g for 1 min and discard the supernatant.
6. For each transformation, add reagents in a 2 ml tube as following order and keep on ice: 34 μl
plasmid DNA and sterile water (1 μg Plasmid DNA will be enough for transformation); 50 μl
single-stranded carrier DNA (2.0 mg/ml) and mix well; 36 μl 1.0 M LiAc and mix well; 240 μl 50%
(w/v) PEG 3350 and vortex mix vigorously or use a sterile pipette tip to break up the cell pellet
to mix thoroughly.
7. Incubate with shaking at 220 rpm for 30 min at 30 °C.
8. Add 1/10 of the volume DMSO and mix gently.
9. Incubate the cell suspension at 42 °C for 15 min and mix upside down for several times during
this time.
10. Incubate on ice for 2 min.
11. Centrifuge at 12,000 x g for 1 min and discard the supernatant.
12. Add 100 μl sterile distilled water or TE buffer and re-suspend the cells with a pipette carefully.
13. Coat the cell suspension on selective media CMD-W plate using a sterile glass rod and incubate
at 30 °C for 3 days.
C. Screening the positive yeast colonies on selective media
1. After transformation, spread the yeast cells on CMD-W media plates.
2. Streak the colonies to fresh CMD-W plates and incubate at 30 °C for at least 2 days.
3. Streak the colonies to new CMD-W plates and YPRAA plates (raffinose media) and incubate for
another 2-3 days at 30 °C.

D. Color observation to detect signal peptide secretion function
1. The color change is used to detect signal peptide secretion function.
2. Streak the single transformational colony into CMD-W liquid medium, the YTK12 yeast that does
not contain any plasmid DNA was cultured in YPDA liquid medium as control.
3. Incubate with shaking at 220 rpm for 36 h at 30 °C.
4. Pipette about 1.5 ml of cell suspension into a 2 ml tube and centrifuge at 12,000 x g for 1 min
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at room temperature.
5. Discard the supernatant, add 1.5 ml sterile distilled water and vortex shock to mix vigorously.
6. Centrifuge at 12,000 x g for 1 min, discard the supernatant and add 1.5 ml sterile distilled water
and vortex shock to mix well.
7. Centrifuge at 12,000 x g for 1 min and discard the supernatant.
8. Re-suspend with 750 μl sterile distilled water, add 250 μl 10 mM acetic acid–sodium acetate
buffer (pH = 4.7), 500 μl 10 % sucrose solution (w/v), incubate at 37 °C for 10 min.
9. Centrifuge at 12,000 x g for 1 min, take 100 μl of the supernatant, put into glass test tube and
add 900 μl 0.1% TTC solution, incubate at room temperature for 5 min. Colorimetric change will
be observed if the signal peptide is functional, while the red color will be not observed for YTK12
strain and YTK12 carrying the empty pSUC2 vector.
Note: The empty pSUC2 vector also contains a non-functional sequence.
Data analysis

If the signal peptide is functional, the yeast transformants can grow on CMD-W and YPRAA medium
plates and the solution will turn red in the color test experiment (Figure 2).

Figure 2. Functional validation of the signal peptide of Avr1b.The yeast YTK12 strain carrying
Avr1b signal peptide fragment fused in the pSUC2 vector are able to grow in both the CMD-W and
YPRAA media, and also induce red color reaction, indicating the secretory function. The YTK12
strain and YTK12 carrying the empty pSUC2 vector served as controls.
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Notes

Inoculate colony on CMD-W plates is to verify if the plasmid DNA is transformed into the yeast. We
also observed that the yeast without any vector can get a small amount of growth on CMD-W and
YPRAA plates under the condition of incubation for a long time (more than three days). To assay
the invertase secretion, colonies were plated on YPRAA plates containing raffinose but lacking
glucose for several times. The transformants containing pSUC2 vector can grow on YPRAA plate if
incubated for more than three days. Thus, when the yeast colonies are streaked on CMD-W and
YPRAA plates, it must be observed every day. The principle of color change is that the invertase
enzymatic activity was detected by the reduction of 2,3,5-Triphenyltetrazolium Chloride (TTC) to
insoluble red colored 1,3,5-Triphenylformazan (TPF).
Recipes

1. YPD medium (1 L)
10 g yeast extract
20 g peptone
20 g glucose
Add distilled water to 1 L, autoclave for 15 min at 121 °C
Add 20 g Agar A for solid medium
Supplement of adenine hemisulfate to the final concentration 30 mg/L in YPD could provide
yeast a better growth condition
2. 1x TE Buffer (100 ml)
1 M Tris-HCl (pH 7.5) 10 ml
500 mM EDTA (pH 8.0) 2 ml
Adjust pH to 7.5 with NaOH
Make up to 100 ml
Autoclave for 15 min at 121 °C
3. Single-stranded carrier DNA (2 mg/ml)
a. Dissolve 100 mg single-stranded carrier DNA in 50 ml of sterile TE buffer by using magnetic
stir at 4 °C until no visible DNA is seen
b. Dispense 1.0 ml sample into 1.5 ml tubes and denature the carrier DNA in a boiling water
bath for 5 min and chill immediately in an ice/water bath for several minutes, and store at 20 °C
c. Make sure to gradually thaw the denatured carrier DNA on ice whenever it is used
d. Denatured carrier DNA could be boiled, frozen and thawed many times
4. 1.0 M LiAc (100 ml)
10.2 g LiAc
Add distilled water to the volume of 100 ml
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Sterilize by filtering Millipore filter units, 0.22 µm
5. 50% (w/v) PEG (100 ml)
50 g PEG
Add 80 ml distilled water to fully dissolved and then make the volume up to 100 ml
Autoclave for 15 min at 121 °C
6. CMD-W medium (1 L)
6.7 g YNB (yeast nitrogen base without amino acids)
0.74 g -Trp DO supplement
20 g sucrose
1 g glucose
20 g Agar A
Add distilled water to 1 L, autoclave for 15 min at 121 °C
7. Antimycin A stock solution (50 mg/ml)
50 mg antimycin A dissolved in DMSO (dimethylsulphoxide)
8. YPRAA medium (1 L)
10 g yeast extract
20 g peptone
20 g raffinose
20 g Agar A
Add distilled water to 1 L, autoclave for 15 min at 121 °C
Add antimycin A to a final concentration of 2 mg/ml just before pouring medium plates
9. 10 mM acetic acid-sodium acetate buffer (100 ml, pH = 4.6)
0.136 g sodium acetate
Add 90 ml water
Adjust pH to 7.5 with acetic acid
Make up to 100 ml
10. Phosphate Buffer (150 ml)
100 ml 66.7 mM KH2PO4
50 ml 68.6 mM
Mix well to get phosphate buffer
11. TTC Stock solution (2%)
a. Dissolve 2 g TTC in 100 ml water, store in brown bottle or keep away from light
Note: Because TTC in water cannot be kept for a long time, it should be dissolved in
phosphate buffer for long-term preservation.
b. Dilute with 1 M NaOH to 0.1% when it is used
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