
 

 

Table S1 Primers used in our experiments 

Primers Primer sequences(5ʹ→3ʹ) Introduction 

301waaIUP1 cgggatccgggtatgggaagaatcaag Construction of 

ligase-defective 

strain 

301waaIUP2 gcgtcgactcagaaatgctacggtgt 

301waaIDP1 ccaagctttggacctttagacaatcaa 

301waaIDP2 ccctcgagatgttaggaagcataccg 

50973waaIUP1 cgggatccaggctttgactatgtgga Construction of 

ligase-defective 

strain 

50973waaIUP2 gcgtcgacatctggcgatatgagtatg 

50973waaIDP1 ccaagctttagtgcaggcatattggg 

50973waaIDP2 ccctcgagtatcacctcgcagaacct 

PilE-U cggaattcatgaacacccttcaaaaaggttt Amplifiing PilE 

PilE-D cccaagcttttagtggtggtggtggtggtgtcc 

pglL-C-A-F gccgccaaactgccgatttaaatcctgccctgcttc Construction of 

PglLmut pglL-C-A-R ttaaatcggcagtttggcggcggggtgcgcgccgga 

SacI-U cgagctctgcataattcgtgtcgctcaaggcgcactc  

PstI-D aactgcagggcagtttatggcgggcg 

Primers below were applied to create mutation of amino acids by using nested-PCR 

SacI-U was the upstream primer for the following amplifications. 

5573-D1(5569-

D1) 

agaagtgttgttgccgggccattcgccctcggccgccgatgcgctaaa

cgct 

Shorten the 

sequence of 

glycosylation site 
5573-D2 

ggactagttttgatttcagaggaggttgccacgccggcagaagtgttgt

tgccggg 

5569-D2 ggactagtggaggttgccacgccggcagaagtgttgttgccggg 

5566-D 
ggactagtcacgccggcagaagtgttgttgccgggccattcgccctcg

gccgccgatgcgctaaacgct 

5866-D 
ggactagtcacgccggcagaagtgttgttgccgggctcggccgccga

tgcgctaaac 

5566AA(5666A

A,5766AA and 

5866AA)-D1 

gtcgaggtcgccgccgacgttgcgcgggtcctcggccgccgatgcg

ctaaacgct 

5566AA-D2 
cacgccggcagaagtgttgttgccgggccattcgccgtcgaggtcgc

cgccga 

5666AA-D2 
cacgccggcagaagtgttgttgccgggccattcgtcgaggtcgccgc

cgacgttg 

5766AA-D2 
cacgccggcagaagtgttgttgccgggccagtcgaggtcgccgccg

acgttg 

5866AA-D2 
cacgccggcagaagtgttgttgccggggtcgaggtcgccgccgacg

ttg 

5566AA(5666A

A,5766AA and 

5866AA)-D3 

ggactagtgcgcggcggtttgccgggctgcacgccggcagaagtgtt 

5566AA-D1 As shown above Alanine scanning 



 

 

5766AA-57A-

D2 

cgggctgcacgccggcagaagtgttgttgccgggcgcgtcgaggtc

gccgccgacgt 

of shortened 

glycosylation site 

5766AA-58A-

D2 

cgggctgcacgccggcagaagtgttgttgccggcccagtcgaggtc

gccgccgacgt 

5766AA-59A-

D2 

cgggctgcacgccggcagaagtgttgttggcgggccagtcgaggtc

gccgccgacgt 

5766AA-60A-

D2 

cgggctgcacgccggcagaagtgttggcgccgggccagtcgaggtc

gccgccgacgt 

5766AA-61A-

D2 

cgggctgcacgccggcagaagtggcgttgccgggccagtcgaggtc

gccgccgacgt 

5766AA-62A-

D2 

cgggctgcacgccggcagaagcgttgttgccgggccagtcgaggtc

gccgccgacgt 

5766AA-57A(5

8^62A)-D3 
ggactagtgcgcggcggtttgccgggctgcacgccggcaga 

5766AA-65A,6

6A-D2 
agaagtgttgttgccgggccagtcgaggtcgccgccgacgttg 

5766AA-65A-

D3 

ggactagtgcgcggcggtttgccgggctgcacggcggcagaagtgtt

gttgccgggcca 

5766AA-66A-

D3 

ggactagtgcgcggcggtttgccgggctgcgcgccggcagaagtgtt

gttgccgggcca 

5566AA-D1 As shown above Optimization of 

the recognition 

motif between WP 

and S 

NNT-D2 
ccgggctgcacgccggcagaagtgttgttgggccagtcgaggtcgc

cgccgacgt 

NT-D2 
ccgggctgcacgccggcagaagtgttgggccagtcgaggtcgccgc

cgacgt 

GNT-D2 
ccgggctgcacgccggcagaagtgttgccgggccagtcgaggtcgc

cgccgacgt 

GT-D2 
ccgggctgcacgccggcagaagtgccgggccagtcgaggtcgccg

ccgacgt 

GAT-D2 
ccgggctgcacgccggcagaagtggcgccgggccagtcgaggtcg

ccgccgacgt 

GAA-D2 
ccgggctgcacgccggcagaagcggcgccgggccagtcgaggtc

gccgccgacgt 

WPAAAS(AA

A)-D2 

ccgggctgcacgccggcagaagcggcggcgggccagtcgaggtc

gccgccgacgt 

WPAAS-D2 
ccgggctgcacgccggcagaagcggcgggccagtcgaggtcgcc

gccgacgt 

WPAS-D2 
ccgggctgcacgccggcagaagcgggccagtcgaggtcgccgccg

acgt 

WPS-D2 
ccgggctgcacgccggcagagggccagtcgaggtcgccgccgacg

t 

NNT(NT, GNT, 

GT, 

GAT,GAA, 

ggactagtgcgcggcggtttgccgggctgcacgccggcaga 



 

 

AAA, WPAAS, 

WPAS and 

WPS)-D3 

5566AA-D1 As shown above Optimization of 

the recognition 

motif after S 

SAG(SA, S, 

SAP and 

SP)-D2 

agaagcggcggcgggccagtcgaggtcgccgccgacgt 

SAG-D3 
ggactagtgcgcggcggtttgccgggctggccggcagaagcggcg

gcgggcca 

SA-D3 
ggactagtgcgcggcggtttgccgggctgggcagaagcggcggcg

ggcca 

S-D3 
ggactagtgcgcggcggtttgccgggctgagaagcggcggcgggc

ca 

SAP-D3 
ggactagtgcgcggcggtttgccgggctggggggcagaagcggcg

gcgggcca 

SP-D3 
ggactagtgcgcggcggtttgccgggctggggagaagcggcggcg

ggcca 

5566AA-D1 As shown above Optimization of 

the first amino acid 

after S 

SAG-D2 As shown above 

3A-AP-D3 
ggactagtgcgcggcggtttgccgggctggggggcagaagcggcg

gcgggccagtcg 

3A-QP-D3 
ggactagtgcgcggcggtttgccgggctggggttgagaagcggcgg

cgggccagtcg 

3A-FP-D3 
ggactagtgcgcggcggtttgccgggctggggaaaagaagcggcg

gcgggccagtcg 

3A-DP-D3 
ggactagtgcgcggcggtttgccgggctggggatcagaagcggcgg

cgggccagtcg 

3A-HP-D3 
ggactagtgcgcggcggtttgccgggctggggatgagaagcggcg

gcgggccagtcg 

3A-KP-D3 
ggactagtgcgcggcggtttgccgggctggggcttagaagcggcgg

cgggccagtcg 

3A-SP-D3 
ggactagtgcgcggcggtttgccgggctggggactagaagcggcgg

cgggccagtcg 

3A-PP-D3 
ggactagtgcgcggcggtttgccgggctggggtggagaagcggcg

gcgggccagtcg 

3A-WP-D3 

ggactagtgcgcggcggtttgccgggctggggccaagaagcggcg

gcgggccagtcg 

3A-YP-D3 

ggactagtgcgcggcggtttgccgggctggggataagaagcggcgg

cgggccagtcg 

3A-EP-D3 

ggactagtgcgcggcggtttgccgggctggggttcagaagcggcgg

cgggccagtcg 

3A-RP-D3 

ggactagtgcgcggcggtttgccgggctggggacgagaagcggcg

gcgggccagtcg 



 

 

3A-GP-D3 

ggactagtgcgcggcggtttgccgggctggggtccagaagcggcgg

cgggccagtcg 

3A-VP-D3 

ggactagtgcgcggcggtttgccgggctgggggacagaagcggcg

gcgggccagtcg 

3A-LP-D3 

ggactagtgcgcggcggtttgccgggctgggggagagaagcggcg

gcgggccagtcg 

3A-IP-D3 

ggactagtgcgcggcggtttgccgggctgggggatagaagcggcg

gcgggccagtcg 

3A-CP-D3 

ggactagtgcgcggcggtttgccgggctggggacaagaagcggcg

gcgggccagtcg 

3A-MP-D3 

ggactagtgcgcggcggtttgccgggctggggcatagaagcggcgg

cgggccagtcg 

3A-NP-D3 

ggactagtgcgcggcggtttgccgggctggggattagaagcggcgg

cgggccagtcg 

3A-TP-D3 

ggactagtgcgcggcggtttgccgggctggggagtagaagcggcg

gcgggccagtcg 

P30-P2-D1 

accctcaaccaaaagctaacggtaaaattattaaactcggccgccgat

gcgctaaacgc 

Replaced 

hydrophilic 

fragments with 

P30 and P2 P30-P2-D2 

gcggcgggccattctaaatgactagcagatactttaggaaccctcaac

caaaagctaac 

P30-P2-D3 

atttagaatttgcttttatatactggggggcagaagcggcggcgggcca

ttctaaatg 

P30-P2-D4 ggactagtttcagttatacctataaatttagaatttgcttttatat 

5566AA-D1 As shown above Replaced 

hydrophilic 

fragment at 

C-terminal with 

P30, gp100
44–59

 or 

HA
307–319

 

P30-D2 

aaccaaaagctaacggtaaaattattaaagggggcagaagcggcgg

cgggccagtcgaggtcgccgccgacg 

P30-D3 

ggactagtttctaaatgactagcagatactttaggaaccctcaaccaaa

agctaacggtaaaat 

gp-D2 

ccattcgggatacagttggcggttccagggggcagaagcggcggcg

ggccagtcgaggtcgccgccgacgt 

gp-D3 

ggactagtgtcgaggcgctgggcctcagtccattcgggatacagttgg

cgg 

HA-D2 

gtgttctgtttgacgtacttggggccagaagcggcggcgggccagtc

gaggtcgccgccgacgt 

HA-D3 ggactagtggtcgcgagcttcagagtgttctgtttgacgtacttggg 

 


