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Supplementary Figures 25 

 26 

Supplementary Fig. 1 UPLC-Q-TOF-MS/MS analysis of CK standard and the 27 

sample of JE0609 extracellular enzymes catalyzed ginseng extracts. a Ion flow 28 

profiles of CK standard. b Ion flow profiles of samples of JE0609 extracellular enzyme-29 

catalyzed ginseng extracts. c Mass spectra of CK standard at 19.33 min. d Mass spectra 30 

of samples of ginseng extract catalyzed by JE0609 extracellular enzyme at 19.35 min. 31 

e The chemical structure formula of CK. 32 
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 34 

Supplementary Fig. 2 Identification of JE0609. a Evolutionary trees were 35 

constructed based on ITS sequencing results. MEGA 6.0 was used for the construction 36 

of evolutionary trees. The scale bars represent 0.005 substitutions per site. The tree was 37 

constructed using a neighbor-joining method with bootstrap values of 1000 replications. 38 

b Nucleic acid electropherogram of the β-tubulin genes of different Aspergillus sp. 39 

strains obtained by PCR using the cDNA of JE0609 as a template and according to the 40 

primers of Table S2. 41 
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 43 

Supplementary Fig. 3 Statistics of glycoside hydrolases family in JE0609 44 

transcriptome. The results showed that 76 of the 73045 annotated genes were 45 

classified as Glycoside Hydrolases. 46 
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 48 

Supplementary Fig. 4 Raw data of peptide fingerprints mass associated with 49 

glycoside hydrolases in the protein bands of the enzyme solutions 706 and 803. 50 

Only the protein bands of 706-130 kDa, 803-110 kDa, and 803-65 kDa were associated 51 

with glycoside hydrolases. 52 
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 54 

Supplementary Fig. 5 Raw data of peptide fingerprints mass associated with 55 

glycoside hydrolases in the protein bands of the enzyme solutions 706 and 803. 56 

Only the protein bands of 706-130 kDa, 803-110 kDa, and 803-65 kDa were associated 57 

with glycoside hydrolases. 58 
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 60 

Supplementary Fig. 6 Protein N-glycosylation was predicted using NetNGlyc 1.0 61 

server (https://services.healthtech.dtu.dk/service.php?NetNGlyc-1.0). Named by 62 

the protein name-N-glycosylation number. BG05-11 represents 11 N-glycosylation 63 

sites in BG05. 64 
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 66 

Supplementary Fig. 7 The enzyme kinetic parameters of purified BG19 and BG23. 67 
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 69 

Supplementary Fig. 8 Effects of temperature and pH on the activity and stability 70 

of the BGA35. 71 
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 73 

Supplementary Fig. 9 HPLC analysis of the samples of the graded combinatorial 74 

enzyme catalytic strategy were sampled at 6 h, 12 h, and 24 h of the second stage. 75 
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 77 

Supplementary Fig. 10 HPLC analysis of samples prepared by PPDG, one-pot 78 

combinatorial enzyme-catalyzed strategy, and acid hydrolysis process. PPDG 79 

contains Rb1 with a final concentration of 2 mg/mL, and Rc, Rb2 and Rb3 with 1 mg/mL. 80 

BG23+BGA35, 6 h represents sample prepared by 400 U/mL BG23 combined with 170 81 

U/mL BGA35 reacted with PPDG in 20 mM, pH 5.5 acetate buffer at 50 °C for 6 h. 20 82 

mM HCl, 0.5 h represents a sample of PPDG hydrolyzed in 20 mM HCl for 0.5 h. 83 
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 85 

Supplementary Fig. 11 UPLC-Q-TOF-MS/MS analysis of samples prepared by 86 

CK standard, a one-pot combinatorial enzyme-catalyzed strategy, and acid 87 

hydrolysis process. a Ion flow mass spectra of samples prepared by CK standard, a 88 

one-step combination of enzyme-catalyzed strategy and acid hydrolysis process. b 89 

Mass spectra of ion fragments of samples prepared by CK standard, one-step combined 90 

enzyme-catalyzed strategy, and acid hydrolysis process at 15-15.25 min. 91 
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 93 

Supplementary Fig. 12 Structural matching of the SWISS-MODEL predicted 94 

protein model to the protein template. a Structural matching of the BG19 model with 95 

template 4iib. b Structural matching of the BG23 model with template 2pc8. 96 
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 98 

Supplementary Fig. 13 Quality assessment of the Swiss-Model predictive protein 99 

model. a Evaluation of the BG19 and BG23 models using SAVES v6.0 100 

(https://saves.mbi.ucla.edu/). GMQE: 0-1, the larger the value the better the quality. 101 

QMEAN: 4-0, the closer to 0 the better the match. Verify3D > 80% is good. ERRAT 102 

around 95% or higher is good. b Ramachandran plot of the BG19 model. c 103 

Ramachandran plot of the BG23 model. 104 
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 106 

Supplementary Fig. 14 Surface electrostatic potential plots of BG19 and BG23 107 

bound to substrates. a Surface electrostatic potential plot at the active site of BG19 108 

receptor. b Surface electrostatic potential plot at the active site of BG23 receptor. 109 
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 111 

Supplementary Fig. 15 Nucleic acid electropherogram of RNA extracted from 112 

JE0609. 113 
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Supplementary Table 1. Changes in the content of ginsenosides in unfermented 115 

ginseng extracts and ginseng extracts catalyzed by JE0609 extracellular enzyme. 116 

Concentration

（mg/mL） 
Ro Re Rg1 Rb1 Rc Rb2 Rb3 Rd F2 Rg3 CK 

UGE* 12.66 18.97 0 0.96 4.42 2.04 3.83 12.85 3.00 0.43 0 

JE0609† 8.85 0 12.34 0 0 1.37 0 7.37 1.71 0.35 5.22‡ 

*UGE is 10 mg/mL of uncatalyzed ginseng extract. †JE0609 is a sample of JE0609 117 

extracellular enzyme reacted with 10 mg/mL of ginseng extract in 20 mM, pH 5.5 118 

acetate buffer for 24 h at 45°C. ‡The molar conversion rate formula for CK, 119 

Molar conversion rate (%) =120 

 
mCK MCK⁄

mRb1 MRb1⁄ +mRc MRc⁄ +mRb2 MRb2⁄ +mRb3 MRb3⁄ +mRd MRd⁄ +mF2 MF2⁄
. The molar conversion 121 

rate of CK was 79.6%. 122 
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Supplementary Table 2. The features of raw sequencing data and improved one of 124 

JE0609. 125 

Type Raw sequencing data Improved raw sequencing data 

Total Reads Count (bp) 71272506 71272506 

Total Bases (bp) 10690875900 10536322811 

Average Read Length 

(bp) 
150.00 147.83 

Q20 (%) 98.63 98.68 

Q30 (%) 95.92 96.01 

GC (%) 53.19 53.29 

N (ppm) 5.80 5.84 
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Supplementary Table 3. Information of assembled transcriptome sequence of 127 

JE0609. 128 

Type Contig Unigene 

Total sequences 4507423 73045 

Total bases (bp)  216176485 68852200 

Min length (bp) 25 201 

Max length (bp) 16571 14051 

Average length (bp) 47.96 942.60 

N50 45 1890 

(A+T)% 49.28 50.72 

(G+C)% 50.71 49.29 
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Supplementary Table 4. The proportion and number of genes of different lengths in 130 

the predicted Unigene sequence. 131 

Predicted gene Number Percent (%) 

Total gene number 73045 100 

Length < 200 bp 0 0.00 

Length [200-500) bp 40534 55.49 

Length [500-1000) bp 11400 15.61 

Length [1000-1500) bp 6363 8.71 

Length [1500-2000) bp 4808 6.58 

Length > = 2000 bp 9939 13.61 
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Supplementary Table 5. The unigene was analyzed and annotated according to five 133 

databases. 134 

Database Number of Unigenes  

Annotated in Nr 52085 

Annotated in COG 29644 

Annotated in Swissprot 37744 

Annotated in KEGG 13597 

Total annotated 

Unigenes  
58026 

Total Unigenes  73045 
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Supplementary Table 6. Transcriptome analysis of glycoside hydrolases of the GH1 136 

and GH3 family in JE0609. 137 

Name* 
Gene_I

D 

Gene_L

ength 

Sample_e

xpected_

count 

Sample_

FPKM 

Gene 

Symbol 
Geanbank Domains Definition 

BG05 

DN487

_c0_g1

_i1 

2744 3850 47.86 
AtWU_00

271 
GFN10476 

BglX super family, 

Glyco_hydro_3_C, Fn4-

like 

Beta-

glucosidase 

- - - - - 
AtWU_02

072 
GFN12275 

BglX super family, 

Glyco_hydro_3_C, Fn3-

like 

Beta-

glucosidase 

- - - - - 
AtWU_06

875 
GFN17073 

BglX super family, 

Glyco_hydro_3_C, Fn3-

like 

Beta-

glucosidase 

BG17 

DN639

1_c0_g

1_i1 

1696 242 5.17 
AtWU_02

829 
GFN13031 

Glyco_hydro super 

family 

Beta-

glucosidase 

BG19 

DN641

0_c0_g

1_i1 

565 14 1.34 
AtWU_02

287 
GFN12490 

PRK15098 super family-

BglX, Glyco_hydro_3_C 

Beta-

glucosidase 

BG23 

DN224

53_c0_

g1_i1 

3516 454 4.31 
AtWU_00

223 
GFN10428 BglC-GH1 

Exo-1,3-

beta-

glucanase 

- - - - - 
AtWU_08

086 
GFN18283 

BglC-GH1, Glyco_hydro 

super family 
Cellulase 

- - - - - 
AtWU_06

990 
GFN17188 BglC-GH1 

Exo-1,3-

beta-

glucanase 
*Analysis of glycoside hydrolases annotated as GH1 and GH3 family in the JE0609 138 

transcriptome. 139 

140 
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Supplementary Table 7. Analysis of the transcriptome and structural domains of the 141 

three hydrolases detected by PMF. 142 

Protein Name Gene_ID 
Gene_

Length 

Sample_e

xpected_

count 

Sample_

FPKM 

Gene 

Symbol 
Genbank Domains Definition 

706-130 

kDa 
BG05 

DN487_c0_g

1_i1 
2744 3850 47.86 

AtWU_0

0271 
GFN10476 

BglX super 

family, 

Glyco_hydr

o_3_C, Fn3-

like 

β-glucosidase 

803-110 

kDa 
BG07 

DN40820_c0

_g1_i1 
2424 1331 18.97 

AtWU_1

0364 
GFN13031 

Glyco_hydr

o_15, 

CBM20_glu

coamylase 

Glucoamylase 

803-65 

kDa 
BG15 

DN4493_c0_

g2_i1 
2545 163 2.2 

AtWU_0

7393 
GFN17591 

Glyco_hydr

o_7 

1,4-β-D-

glucan 

cellobiohydro

lase 

143 
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Supplementary Table 8. Physicochemical properties of the proteins predicted by 144 

Expasy (https://web.expasy.org/protparam/).  145 

Name 

Number of 

amino acids 

(aa) 

Molecular 

weight 

(kDa) 

Theoretical 

pI 

Instability 

index 

Aliphatic 

index 

Grand average 

of 

hydropathicity 

BG05 860 93.36 4.70 31.31 75.56 -0.356 

BG07 639 68.40 4.20 35.37 72.10 -0.193 

BG15 452 48.30 4.16 29.71 57.01 -0.408 

BG17 599 66.32 4.51 43.40 77.91 -0.185 

BG19 819 89.53 5.06 32.60 74.10 -0.310 

BG23 416 45.53 4.97 32.74 71.54 -0.344 

146 
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Supplementary Table 9. Enzyme activity assay of 250 mL shake flask fermentation 147 

supernatant of recombinant proteins. 148 

Protein 

GS115-

pPIC9K 

(pNPG)*  

GS115-

pPIC9K 

(DNS)†  

GS115-

pPIC9K 

-BG05 

(pNPG)* 

GS115-

pPIC9K 

-BG07 

(DNS)†  

GS115-

pPIC9K 

-BG15 

(DNS)† 

GS115-

pPIC9K-

BG17 

(pNPG)* 

GS115-

pPIC9K-

BG19 

(pNPG)* 

GS115-

pPIC9K-

BG23 

(pNPG)* 

Enzyme 

activity  

(U/mL) 

0.23 ± 

0.02 

0.27 ± 

0.05 

0.28 ± 

0.02 

3.00 ± 

0.21 

0.26 ± 

0.04 

0.22 ± 

0.09 

59.41 ± 

8.19 

235.73 ± 

30.07 

Protein 

concentration 

(mg/mL) 

1.04 ± 

0.18 

1.04 ± 

0.18 

1.13 ± 

0.04 

1.44 ± 

0.12 

1.32 ± 

0.12 

1.33 ± 

0.09 

1.31 ± 

0.05 

1.15 ± 

0.16 

Specific 

activity  

(U/mg)‡ 

0.23 ± 

0.03 

0.26 ± 

0.05 

0.25 ± 

0.02 

2.16 ± 

0.05 

0.20 ± 

0.05 

0.16 ± 

0.05 

45.35 ± 

6.62 

2354.71 

± 382.87 

*The enzymatic activities of the transformants GS115-pPIC9K, GS115-pPIC9K-BG05, 149 

GS115-pPIC9K-BG17, GS115-pPIC9K-BG19, and GS115-pPIC9K-BG23 were 150 

determined according to the pNPG method. †The recombinants GS115-pPIC9K, 151 

GS115-pPIC9K-BG07 and GS115-pPIC9K-BG15 were determined by the DNS. ‡Ratio 152 

of enzyme activity to protein concentration. 153 
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Supplementary Table 10. Summary of papers on PPD-type ginsenoside hydrolases. 155 

Protein GH 

family 

Strain pH Tm 

(°C

) 

Tim

e (h) 

Enzym

e 

concent

ration 

Substrate

s 

Yield Transformati

on 

Referenc

e 

β-

glycosidase 

3 Microb

acteriu

m 

esterar

omaticu

m 

7.0 40 12 0.1 

mg/mL 

0.74 

mg/mL 

Rb2 

0.27 

mg/mL 

CY, and 

0.1 

mg/mL 

CK 

Rb2 → CY 

→ CK 

1 

β-

glucosidase 

3 Microb

acteriu

m 

esterar

omaticu

m 

7.0 40 1 0.1 

mg/mL 

1 mg/mL 

Rb1 

0.46 

mg/mL 

CK, 77% 

Rb1 → Rd → 

CK 

2, 3 

β-

glycosidase 

2 Microb

acteriu

m 

esterar

omaticu

m 

GS514 

7.0 40 2 0.1 

mg/mL 

1 mg/mL 

Rb2 

0.47 

mg/mL 

Rg3 

Rb2 → Rd → 

Rg3 

4 

β-

glucosidase 

3 Microb

acteriu

m 

esterar

omaticu

m 

7.0 37 1 0.75 

U/mL 

10 

mg/mL 

Rb1 

6.9 

mg/mL 

Rg3, 

97.8% 

Rb1 → Rd → 

Rg3 

5 

β-

glycosidase 

 Sulfolo

bus 

solfatar

icus 

5.5 85 12 40 

U/mL 

1.9 

mg/mL 

Rb1, 0.52 

mg/mL 

Rb2, 0.92 

mg/mL 

Rc, and 

0.23 

mg/mL 

Rd 

1.63 

mg/mL 

Rb1 or Rb2 → 

Rd → F2 → 

CK, and Rc 

→ CMc → 

CK 

6 

β-

glycosidase 

 Sulfolo

bus 

5.5 95 1.5 0.01 

mg/mL 

2 mg/mL 

Rb1 

1.12 

mg/mL 

CK, 

Rb1 → Rd → 

F2 → CK 

7 
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solfatar

icus 

100%，

746.6 

mg/L/h 

β-

glucosidase 

 Paenib

acillus 

mucilag

inosus 

7.0 30 24 0.003 

U/mL 

3.4 mM 

Rb1, and 

2.4 mM 

Rd 

70% CK Rb1 → Rd → 

Rg3 → CK 

8 

β-

glucosidase 

 Flavob

acteriu

m 

johnson

iae 

7.0 30 24 0.001 

U/mL 

3.4 mM 

Rb1, and 

2.4 mM 

Rd 

61% Rg3 Rb1 → Rd → 

Rg3 

8 

β-

glucosidase 

3 Flavob

acteriu

m 

chilens

e 

7.0 37 48 0.4 

mg/mL 

Rb1, Rb2, 

Rb3, Rc, 

Rd, F2, 

Rg3, Re, 

Rg1, Gyp 

XVII, 

and Gyp 

LXXV 

 Rb1 → Rd → 

Rg3 → Rh2, 

Gyp XVII → 

Gyp LXXV 

→ CK, Gyp 

LXXV → 

CK, F2 → 

CK, Rb2 → 

CO → CY, 

Rb3 → CMx1 

→ CMx, Rc 

→ CMc1→ 

CMc 

9 

β-

glucosidase 

3 Bifidob

acteriu

m breve 

ATCC 

15700 

5.0 35 12 6 U/mL 5 mM 

Rd 

4.35 mM 

CK, 100% 

Rd → F2 → 

CK 

10 

β-

glucosidase 

3 Lactob

acillus 

brevis 

7.0 30 24 0.1 

mg/mL 

1 mg/mL 

Rb1, 1 

mg/mL 

F2 

0.59 

mg/mL 

Rd, 69% 

0.72 

mg/mL 

CK, 91% 

30 mg/L/h 

Rb1 → Rd, F2 

→ CK 

11 

β-

glycosidase 

1 Thermo

toga 

petroph

lia 

5.0 90 3 1.2 

U/mL 

10 

mg/mL 

ginsenosi

de 

extract 

3.93 

mg/mL 

Rg3, 

98.19% 

Rb1 or Rb2 → 

Rd → Rg3 

12 
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β-

glucosidase 

 Thermo

toga 

petroph

ila 

RKU-1 

5.0 95 1.5 10 

U/mL 

10 

mg/mL 

Rb1 

6.93 

mg/mL 

Rg3, 

97.9% 

Rb1 → Rd → 

Rg3 

13 

a-L-

arabinofura

nosidase 

51 Thermo

toga 

thermar

um 

DSM50

69 

5.0 85 1 12 

U/mL 

25 

mg/mL 

Rc 

21·8 

mg/mL 

Rd, 99.4% 

Rc → Rd 14 

β-

glucosidase 

3 Coryne

bacteri

um 

glutami

cum 

ATCC1

3032 

7.0 37 24 75 

mg/mL 

20 

mg/mL 

PPDGM 

7.86 

mg/mL 

CK, 

79.2%, 

327.5 

mg/L/h 

Rb1 → Gyp 

XVII → Gyp 

LXXV, F2 → 

CK → PPD, 

Rd → F2 → 

CK → PPD 

15 

β-

glycosidase 

3 Pyroco

ccus 

furiosus 

5.0 95 1.2 60 

U/mL 

3.9 mM 

Rb1, Rb2, 

Rc, and 

Rd 

3.1 mM 

CK, 

79.5% 

Rb1 or Rb2 → 

Rd → F2 → 

CK, and Rc 

→ CMc → 

CK 

16 

β-

glucosidase 

3 Actinos

ynnema 

mirum 

KACC 

20028T 

8.0 30  1 

mg/mL 

0.1% 

(w/v) 

Rb1, Rb2, 

Rc, Rd, 

Rg3 

 Rb1→ Gyp 

XVII → Gyp 

LXXV, Rh2 

→ PPD, Rb2 

→ CO → 

CY, Rc → 

CMc 1→ C-

Mc, Rd → F2 

→ Rh2 → 

PPD, Rg3 → 

Rh2 → PPD 

17 

β-

glucosidase 

 Caldice

llulosir

uptor 

bescii 

5.5 80 2 10.2 

U/mL 

1 mM 

Rb1, Rb2, 

Rc 

100% CK Rb1, Rb2, Rc 

→ Rd → F2 

→ CK 

18 

α-L-

arabinofura

nosidase 

 Leucon

ostoc 

sp. 22-3 

6.0 30 0.35 10 

μg/mL 

0.1% Rc 100% Rd Rc → Rd 19 

β-

glucosidase 

3 Shingo

pyxis 

5.5 40 1 0.5 

mg/mL 

8 mg/mL 

Rb1 

6.8 

mg/mL 

Gyp XVII 

Rb1 → Gyp 

XVII 

20 
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alasken

sis 

β-

glucosidase 

1 Cellulo

simicro

bium 

cellulan

s sp. 

5.5 35 2 1 

mg/mL 

1g 

PPDGM 

292 mg 

Gyp XVII, 

134 mg 

CO, 184 

mg Mb, 

and 62 mg 

F2 

Rb1 → Gyp 

XVII, Rb2 → 

CO, Rc → 

Mb, Rd → F2 

21 

β-

glucosidase 

1 Bacillu

s sp. 3 

KP 

6.0 37 48 100 µL 

of the 

cell 

lysate 

0.1% 

(w/v) 

Rb1 

 Rb1 → Gyp 

XVII → F2 

22 

cellulase  Trichod

erma 

viride 

4.5 37 72 0.8 g 0.4 g of 

PPD-

type 

saponin 

 Rb1, Rb2, Rb3 

→ Rd 

23 

lactase 35 Aspergi

llus 

oryzae 

4.5 37 72 2 g 0.4 g of 

PPD-

type 

saponin 

 Rb1, Rb2, Rb3 

→ Rd → 

Rg3, Rb1, 

Rb2, Rb3 → 

Rd → F2 → 

CK 

23 

β-

galactosidas

e 

35 Aspergi

llus 

oryzae 

4.5 37 72 0.8 g 0.4 g of 

PPD-

type 

saponin 

 Rb1, Rc → 

Rd → F2 → 

CK, Rb2, Rc 

→ CV → 

CVII → CK 

23 

156 
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Supplementary Table 11. The lowest binding energy of molecular docking of BG19 157 

and BG23 with ginsenosides. 158 

Protein 

Binding energy (kcal/mol) 

Rb1 Rc Rb2 Rb3 F2 

BG19 -4.39 - - -5.31 - 

BG23 -3.65 -4.91 -3.76 -5.02 -6.47 

  159 
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Supplementary Table 12. CK yield of strains with β-glucosidase producing ability. 160 

Strains* JE0609 JE0512 HW0114 HWGS0607 YN191213 

CK content 

(mg/mL) 
5.22 0.83 0.63 0.60 0.39 

*Only 5 of the 42 strains had CK production capacity. 161 

  162 



33 

 

Supplementary Table 13. List of primers of the β-tubulin genes of different 163 

Aspergillus sp. in NCBI. 164 

Organism GenBank 

Base 

Number 

(bp) 

Primer 

Aspergillus 

niger 
FJ629297.1 418 

F 5’ - 

TGAGTTCAGATGTTGTCCATTAGGTAC - 3’ 

R 5’ - GAAGACGAAGTTGTCGGG - 3’ 

Aspergillus 

piperis 
KJ469441.1 524 

F 5’ - TGCTTTCTGGTACGTATTCAC - 3’ 

R 5’ - CCTTGGCCCAGTTGTTAC - 3’ 

Aspergillus 

costaricensis 
LC516862.1 507 

F 5’ - TGGTACGTATTCACTGCCAC - 3’ 

R 5’ - CCAGTTGTTACCAGCACC - 3’ 

Aspergillus 

tubingensis 
GFN19051.1 1334 

F 5’ - ATGCGTGAGATCGTTCACC - 3’ 

R 5’ - TTACTCCTCGGCCTCAAG - 3’ 

Aspergillus 

welwitschiae 
MT293604.1 461 

F 5’ - TGAGTTCAGATGTTGTCCATTAGG - 

3’ 

R 5’ - TGTAGTGACCCTTGGCCCAG - 3’ 

  165 



34 

 

Supplementary Table 14. List of primers of the screened genes. 166 

Gean 

Base 

Number 

(bp) 

Primer* 

BG05 2433 

F 5’ - GCTGAAGCTTACGTAGAATTCGTCTCGCAAATGACATTGGATGAG - 3’ † 

R 5’ - 

AAGGCGAATTAATTCGCGGCCGCTTAATGATGATGATGATGATGGTGAACAG

TAGGCAGAGACGCC - 3’ † 

BG07 1863 
F 5’ - GCTGAAGCTTACGTAGAATTCGTTATTTCCAAGCGCGCGA - 3’ † 

R 5’ - AAGGCGAATTAATTCGCGGCCGCGTATGGATTGTCTACCGCC - 3’ † 

BG15 1285 
F 5’ - GCTGAAGCTTACGTAGAATTCGGAAGTCCATCCTTCCTTG - 3’ † 

R 5’ - AAGGCGAATTAATTCGCGGCCGCGCTTCAGCTTATGCGGAAG - 3’ † 

BG17 1734 

F 5’ - AGAGAGGCTGAAGCTTACGTATCGCCTGTCACGCAGAAAG - 3’ † 

R 5’ - AAGGCGAATTAATTCGCGGCCGCACACCTACCTGCTAACATGCTCATG 

- 3’ † 

BG19 2394 

F 5’ - GCTGAAGCTTACGTAGAATTCAGCACTTGCCAGGAACCTATCAAC - 3’ 

† 

R 5’ - 

AAGGCGAATTAATTCGCGGCCGCTCAATGATGATGATGATGATGCTTCCTAA

GCAAGGTAGCAGTAG - 3’ † 

BG23 1167 

F 5’ - GCTGAAGCTTACGTAGAATTCCAAAGCAACGCAAGCTCTTTCG - 3’ † 

R 5’ - AAGGCGAATTAATTCGCGGCCGCTTGACCGTTCAAGAACACTGGTGG 

- 3’ † 

*The sequences of the designed primers need to be stripped of the signal peptide 167 

sequences. †The underlined sequences represent homologous arm sequences required 168 

for homologous recombination. 169 

  170 
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