
                                                 NΔ32→   NΔ42→ 
BLLJ_1840     1 MKINNKGKGALIAAITAAATLLSCG----LAAASASAAGVDYLPTIGQVPTYTKFQPTAD 

Ct1,3Gal      1 MVKKNVGLRFLSILILMALLIGNVQSFNVAAAEGVIVNGTQF------------------ 

Sa1,3Gal      1 -----MILFALCLAFAGALTTAGPA----RAAAQTLTNGTQF------------------ 

Fo1,3Gal      1 ---MMPRFFSTLLAVLAASTVQ---------ASLDIVSGATW------------------ 

Ss1,3Gal      1 ---------------------------------ASFTLGATR------------------ 

Il1,3Gal      1 -----MLWLRKVIPVFLSLVVAAR-------AETQIVSGAAW------------------ 

Pc1,3Gal      1 -----MQIFAHLLLPALSLLLPAY-------AQNQIVSGAAW------------------ 

 

BLLJ_1840    57 PGKNASDYFQPYWYAKNANDNGGTHIQAHGGQVVKVGDAYYWYGEDRSNGYD---NSPGV 

Ct1,3Gal     43 -----------------KDTS-GNVIHAHGGGMLKHGDYYYWYGEYRDDSN----LFLGV 

Sa1,3Gal     34 -----------------TDTS-GNGVHAHGGGVIKVGGYYYWFGEDRNADN----TFKYV 

Fo1,3Gal     31 -----------------TATNTGEHVQAHGHGLIEVDGTYYMIGEDKTDGT----YFQNV 

Ss1,3Gal     10 -----------------TDQN-GNTLQLHGLGIIKVGSTWYGFGEDKTGETSSDTSFQDI 

Il1,3Gal     31 -----------------TDTS-GNVIQAHGAGILKVGSTFYWFGEDKTENSA---LFHAV 

Pc1,3Gal     31 -----------------TDTA-GNTIQAHGAGILQVGSTFYWFGEDKSHNSA---LFKAV 

 

BLLJ_1840   114 HAYMSTDLYNWTDLGVALRAVTSKSQLTDKSNADYAYFDKAYNLTKSDGSVDAAKADAIF 

Ct1,3Gal     81 SCYRSKDLVNWEYRGEVLSRNS-APELNHCN----------------------------- 

Sa1,3Gal     72 DAYRSTDLKNWEFRSHVLTQAG-ASELASAN----------------------------- 

Fo1,3Gal     70 NCYSSTNLVEWTYRGALLSRTSEAGDLGPNR----------------------------- 

Ss1,3Gal     52 PCYTSTDLSSWTYQGVALAKQA-SGDLGPSR----------------------------- 

Il1,3Gal     70 SCYTSTDLTNWTRQSNALSPVA-NTMISSNN----------------------------- 

Pc1,3Gal     70 SCYTSSDLVNWSRQNDALSPIA-GTMISTSN----------------------------- 

 

                                      *Glu196 (General base) 

BLLJ_1840   174 PYLNTNPDQDGDGAVDSVQGIFERPKIIYNKKNKQYVLWWHSDGSTTPGGSNYARALAGV 

Ct1,3Gal    111 --------------------I-ERPKVMYNASTGEFVMWMHWE-----NGINYGQARAAV 

Sa1,3Gal    102 --------------------I-ERPKVMYNASTGKFVMWMHKE-----NGTDYSEARAAV 

Fo1,3Gal    101 --------------------IVERPKVIYNDQTKKYVLYMHID------SPDYKDARVGI 

Ss1,3Gal     82 --------------------IVERPKVIYNASTSTYVMYMHID------STNYGDARVGV 

Il1,3Gal    100 --------------------IVERPKVLFNKKNQEYVMWFHSD------SSNYGAAMVGV 

Pc1,3Gal    100 --------------------VVERPKVIFNQKNSEYVMWFHSD------SSNYGAAMVGV 

 

                            (Modulator of general acid) *Asp274  

BLLJ_1840   234 AVSDNPAGPFTMVGAYRLPNQNNWKEAAGNPSWGENGDSRDMTVFVDPKD-DSAYVLYSS 

Ct1,3Gal    145 AYSKTPDGKFTYIRSFR-PMQDTGVMDHGLPGY----MSRDCNVFVDTDG--KGYFISAA 

Sa1,3Gal    136 AVSDTVDGTYTWQGSFQ-PLGQ----------Y----MSRDITVFVDTDG--TGYMVSAA 

Fo1,3Gal    135 ATGDSVCGKYTYHRSFR-PLGK---------------QSRDMGLFKDDDG--SAYLL-TE 

Ss1,3Gal    116 ATSSTPCGPYSYRGSFR-PMGN---------------LSRDMNLFQDTDG--TGYLL-SE 

Il1,3Gal    134 ATAKTPCGPYTFKGSFK-PLGA---------------DSRDEGLFQDDDSAQTAYLLYAS 

Pc1,3Gal    134 ATAKTPCGPYTYKGSFK-PLGA---------------DSRDESIFQDDDSAQTAYLLYAS 

 

BLLJ_1840   293 EANATLYIAKLNDDYTNVVKTTNVDQSEGQKQYSADGQYPYILADATTDAPVRGEDFQIV 

Ct1,3Gal    198 NENMDLHLYELTPDYKNI--------------------------ASLKAKLFVG------ 

Sa1,3Gal    179 RENYDLQIYRLTADYTGI--------------------------DSLVADPWHG------ 

Fo1,3Gal    176 DREYGTRIMALSDDYLNV---------------------------TEITYEWQ------- 

Ss1,3Gal    157 DRNNGLHIYKLSADYLSV---------------------------DSAVALLGGSG---- 

Il1,3Gal    178 DNNQNFKISRLDDNYYNV---------------------------TAQASVLTG------ 

Pc1,3Gal    178 DNNQNFKISRLDANYYNV---------------------------TAQVSVMNG------ 

 

                      *Glu359 (General acid) 

BLLJ_1840   353 KQNGSLEAPAVFQYDGRYNIIASGATGWAPNKQTYYTADSMLGNWTRGVEKDDVNENTWY 

Ct1,3Gal    226 ---QQREAPCLIKRNGYYYLITSGCTGWNPNQAKYAYSKDLASGWS-----------QLY 

Sa1,3Gal    207 ---GHREAPALFKRGGVYFMLTSGATGWNPNQQQYATATSLAGPWT-----------AMT 

Fo1,3Gal    202 ---YFAESPAMLKQNGYYFIFGSHLTGWNANDNIYSYAKSLSGPWS-----------NWT 

Ss1,3Gal    186 --SASFEAPAMVKSNGTYYLLASHLTGWSTNDNVYTTATSLSGTWA-----------PMR 

Il1,3Gal    205 ---ATLEAPGIVKHSGKYFLIASHTSGWAPNPNKFFSASSLSGPWS-----------SQQ 

Pc1,3Gal    205 ---ATLEAPGIVKHNGEYFLIASHTSGWAPNPNKWFSASSLAGPWS-----------AQQ 

 

 

 

 

 

Fig. S1. (Continued) 



BLLJ_1840   413 NNMPEGADGLLSVGDTRGTTFGSQSASVLAVDQEKG--HFIYLGDRWDSGK----ADSTY 

Ct1,3Gal    272 N-----------LGN--STTYRSQPTFIIPVQGSSGT-SYLYMGDRWAGAWGGKVNDSQY 

Sa1,3Gal    253 N-----------VGD--STAYGSQTAYVLPVQGTSGT-SYLYLGDRWGNSFGGSVNDSRY 

Fo1,3Gal    248 E-----------FAPVGSKTYQSQVSYIQPL----GNGNAIYIGDRWVSTN---LAASTY 

Ss1,3Gal    233 N-----------FAAPGTHTYNSQTANIITVQGSSGT-TYIYAGDRWNASD---LGNSQL 

Il1,3Gal    251 D-----------ITTASTRTWYSQNAFDLPL----GN-NAIYMGDRWRPSL---LGSSRY 

Pc1,3Gal    251 D-----------IAPSATRTWYSQNAFDLPL----GS-NAIYMGDRWRPSL---LGSSRY 

                                                         ←CΔ762 
BLLJ_1840   467 VWLPLTIGENGTIEMHNPAQEGEPDGWDLSYWGNHGSAKGKLVNWTVETGDDLPKTVNTG 

Ct1,3Gal    318 VWLPLNFISDTTLEL------PYYDSV--------------------------------- 

Sa1,3Gal    299 VWLPLTFPTSTSLSM------SWYPEV--------------------------------- 

Fo1,3Gal    290 VWLPLKV-DGTKVTL------SWYDSW--------------------------------- 

Ss1,3Gal    278 IWLPMTI-RGTVVNV------GQYPSW--------------------------------- 

Il1,3Gal    292 IWYPIDF-SSGSPQL------VHADVW--------------------------------- 

Pc1,3Gal    292 IWYPLDF-SSGAPQI------VHADVW--------------------------------- 

 

BLLJ_1840   527 GTVTLPDTVNVKEGDDTIATKVTWNVEGGTAVSKSTKAAGNTYAFNVPGAYTITGTLAES 

Ct1,3Gal    339 -------KIDASSG------IISEYIPDTTRYKLVNKNSGK------------------- 

Sa1,3Gal    320 -------TVDTVAG--------TISGTSATYETLTARHSAK------------------- 

Fo1,3Gal    310 -------SPNLSKG--------TWSETKMTKIEGETATMGN------------------- 

Ss1,3Gal    298 -------SLDATAG--------TWTPDSGVPTNAVHTLTDA------------------- 

Il1,3Gal    312 -------SVNPSAG--------TYTVAQGTTYEAEKGTLGG------------------- 

Pc1,3Gal    312 -------SVNVQAG--------TYSVASGTSYEAENGQRGG------------------- 

 

BLLJ_1840   587 SNFNPGRTFRRTIDVSCSNPISGSWKEAHWKGGSACQVSASG--GAYDFTITDNANRGVW 

Ct1,3Gal    367 ----------------VLDVL----DGSVDNAAQIVQWTDNG--SLSQQWYLVDVGGGYK 

Sa1,3Gal    346 ----------------CADVP----SQSLLTGVALTQYTCNG--GNNQKFWFKSVAGGYY 

Fo1,3Gal    336 ----------------DARII----SCSECSGGQAVGYIGGDKKGTLTFKNIKSSGGTAT 

Ss1,3Gal    324 ----------------GSSMLMDVAGGSTATGAKVIQWQSNG--GDNQKWTLNRVADNVY 

Il1,3Gal    338 ----------------SSKLL----SNSGFSGGSAVGYLGHG--GTVTINNVQGNGGAHW 

Pc1,3Gal    338 ----------------SSTIL----SGSGFSGGKAVGYLGHG--GTVTINNVQSNGGSHW 

 

BLLJ_1840   645 TDRNEGSAVYQPDALDVNETLETTVKPLDLGGNGDPRAGLVVRNGLADANGGKGYATLLA 

Ct1,3Gal    405 KIVNVKSGRA-----------------LDVKDESKEDGGVLIQY---TSNGGYNQHWKFT 

Sa1,3Gal    384 ELMGRGSS------------------------LCLTENVTAVTQE--NCTAATSQQWSLT 

Fo1,3Gal    376 INVKYRNG------------------------DNGSRYATV------NVNGESQKLAFLS 

Ss1,3Gal    366 TLVSVKSGLC-----------------LDVPNKSTAENVQLQQW---TCNGGANQ-QFAA 

Il1,3Gal    376 VAIYFANG------------------------DSTYRNVTV------SVNGGSS---VLV 

Pc1,3Gal    376 VALYFANG------------------------DSTYRNVTV------SVNGGPS---VLV 

 

BLLJ_1840   705 SLSGVYMQYDSNADGYIDKETSHVGTGFGDQVQLKLERISTDTLKGYWRASANDEWQDVA 

Ct1,3Gal    445 D------I----GDGYYKISSRHCGKLIDV------------------------------ 

Sa1,3Gal    418 T-----------SGGYVSLKSRASGECLDV------------------------------ 

Fo1,3Gal    406 T------SHLSQTGLSRGFFDLKEG---SD------------------------------ 

Ss1,3Gal    405 D------LVGSLTGTKFMLVNVNSGLNIGV------------------------------ 

Il1,3Gal    403 D------QPDSGGGGVVISVPVKVNLNNGA------------------------------ 

Pc1,3Gal    403 D------QPDSGGGNVVISVPVKLNLNSGE------------------------------ 

                                    ←CΔ457 
BLLJ_1840   765 TVTLTGADVTGLDAGAFATSNSNAGAFTVAFNGTAFGSQTAAVESIAAKGPETTIAKRQT 

Ct1,3Gal    465 ------------------------------------------------------------ 

Sa1,3Gal    437 ------------------------------------------------------------ 

Fo1,3Gal    427 ------------------------------------------------------------ 

Ss1,3Gal    429 ------------------------------------------------------------ 

Il1,3Gal    427 ------------------------------------------------------------ 

Pc1,3Gal    427 ------------------------------------------------------------ 

 

BLLJ_1840   825 LAHKDVTVTATLTNGKTRVLEPDEYTLEGFDTTKLGEQTVTVRLVTDSSVTATLTVTVES 

Ct1,3Gal    465 ------------------------------------------------------------ 

Sa1,3Gal    437 ------------------------------------------------------------ 

Fo1,3Gal    427 ------------------------------------------------------------ 

Ss1,3Gal    429 ------------------------------------------------------------ 

Il1,3Gal    427 ------------------------------------------------------------ 

Pc1,3Gal    427 ------------------------------------------------------------ 

 

Fig. S1. (Continued) 



BLLJ_1840   885 NLARLFCSSAAASKYEPASSWASASTADLTCDNNLSTNWSNWGTGDTSPWLSYTFDKAYQ 

Ct1,3Gal    465 ------------------RKWSTEDGGII-------QQWSDAG-GTNQHWKLV------- 

Sa1,3Gal    437 ------------------SGASTANSAAL-------ITYTCNG-GTNQQWTRGT------ 

Fo1,3Gal    427 ------------------NTITISNGD-------------GWG-PDVDALMPPAA----- 

Ss1,3Gal    429 ------------------DSSSTTAGAGV-------VQLTGTG-ATSQQWTLS------- 

Il1,3Gal    427 ------------------NSITFGSGQ------------SNYA-ADLDKIIVY------- 

Pc1,3Gal    427 ------------------NSITFGSGQ------------SNYA-ADLDKIIVY------- 

 

BLLJ_1840   945 LGKLSVAVDKAKGEAAPKSFTVSYLAEDNATWTDATLPAVTVNGAAGAVTEADVSALPAT 

Ct1,3Gal    492 -----------------------------------------------LVSSPEPSPSPSP 

Sa1,3Gal        ------------------------------------------------------------ 

Fo1,3Gal        ------------------------------------------------------------ 

Ss1,3Gal        ------------------------------------------------------------ 

Il1,3Gal        ------------------------------------------------------------ 

Pc1,3Gal        ------------------------------------------------------------ 

 
                     ←CΔ257 
BLLJ_1840  1005 KGIRLNFTYADGNDYAKIAEVRIAEGEATPEPQPSSNANLADLTVDGKTVDGFSADITEY 

Ct1,3Gal    505 QVVKGDVNGDLKVNSTDFSMLRRYLLKTIDNFPTENGKQAADLNGDGRINSSDLTMLKRY 

Sa1,3Gal        ------------------------------------------------------------ 

Fo1,3Gal        ------------------------------------------------------------ 

Ss1,3Gal        ------------------------------------------------------------ 

Il1,3Gal        ------------------------------------------------------------ 

Pc1,3Gal        ------------------------------------------------------------ 

 

BLLJ_1840  1065 AGALAGDAASYPTVEATAADAKATVQVEQASTENSGVATVTVTAEDGTAETYTVTFGELP 

Ct1,3Gal    565 LLMEVDL----------------------------------------------------- 

Sa1,3Gal        ------------------------------------------------------------ 

Fo1,3Gal        ------------------------------------------------------------ 

Ss1,3Gal        ------------------------------------------------------------ 

Il1,3Gal        ------------------------------------------------------------ 

Pc1,3Gal        ------------------------------------------------------------ 

 

BLLJ_1840  1125 QLAELAVEVTKDSYQVGDKFNAADVKVSAIYKVGDTETLRKLIDPTDGDLKFTGFDSATA 

Ct1,3Gal        ------------------------------------------------------------ 

Sa1,3Gal        ------------------------------------------------------------ 

Fo1,3Gal        ------------------------------------------------------------ 

Ss1,3Gal        ------------------------------------------------------------ 

Il1,3Gal        ------------------------------------------------------------ 

Pc1,3Gal        ------------------------------------------------------------ 

 

BLLJ_1840  1185 GTKTITVSYRGVNATFEVTVTATEVTPGPGEQKPGDTNNPGNTAKPGNTATNEPAANGAA 

Ct1,3Gal        ------------------------------------------------------------ 

Sa1,3Gal        ------------------------------------------------------------ 

Fo1,3Gal        ------------------------------------------------------------ 

Ss1,3Gal        ------------------------------------------------------------ 

Il1,3Gal        ------------------------------------------------------------ 

Pc1,3Gal        ------------------------------------------------------------ 

 

BLLJ_1840  1245 PLSNTGAAVAAIAVVVVALAAAAGALLVIRKRRA 

Ct1,3Gal        ---------------------------------- 

Sa1,3Gal        ---------------------------------- 

Fo1,3Gal        ---------------------------------- 

Ss1,3Gal        ---------------------------------- 

Il1,3Gal        ---------------------------------- 

Pc1,3Gal        ---------------------------------- 

 

 

Fig. S1. Multiple sequence alignment of BLLJ_1840 and characterized exo-β-1,3-galactanases.  
The alignment was created using the MUSCLE program (http://www.ebi.ac.uk/Tools/msa/muscle/) and 
BoxShade 3.21 (http://www.ch.embnet.org/software/BOX_form.html). Identical residues and 
conservative substitutions are highlighted in black and dark gray, respectively. Asterisks indicate the 
predicted catalytic residues for BLLJ_1840. The arrows indicate the deleted position of deletion 
mutants. 

http://www.ebi.ac.uk/Tools/msa/muscle/
http://www.ch.embnet.org/software/BOX_form.html


 

 

 
 
 
 
 
Fig. S2. SDS-PAGE analysis of recombinant BLLJ_1840. Purified BLLJ_1840-NΔ42CΔ257 was 
electrophoresed on a 10% polyacrylamide gel and stained with Coomassie Brilliant Blue R-250. Lane 1, 
molecular size markers; lane 2, purified enzyme;. The arrow indicates the band that corresponds to 
BLLJ_1840-NΔ42CΔ257. 
 



 
 
 
 
 
 
Fig. S3. Effects of pH and temperature on the activity of BLLJ_1840. (A) pH dependence of 
BLLJ_1840 activity in various buffers at 40°C for 20 min. Enzyme activities were expressed as the 
percentage of activity in MES buffer at pH 5.5. (B) Temperature dependence of BLLJ_1840 activity for 
20 min. The enzymatic activities were expressed as the percentage of the activity at 40°C. Buffers: 
sodium acetate (closed square), MES (open circle), HEPES (closed circle), Tris-HCl (open square). 
 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
Fig. S4. Growth curves of B. longum JCM1217 using several carbohydrate sources. B. longum 

JCM1217 was grown on PYF medium containing 1.0% L-arabinose, glucose, galactose, β-1,6-Gal2, 
β-1,6-Gal3, or LWAG.  
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
Fig. S5. Schematic AG-II metabolic pathway in B. longum subsp. longum.  
 
 

 

 

 

 

 

 

 

 

 

 

 



Table S1. The primers used for deletion mutagenesis and quantitative real-time PCR. 
Primers Sequence of oligonucleotide primers 
N reversea

 5'- CATGGTATATCTCCTTCTTAAAGTT -3' 
N42 forwarda 5'- CAAGTGCCGACATACACCAAGTTCC -3' 
C forwarda 5'- CTCGAGCACCACCACCACCACCACTG -3' 
C257 reversea 5'- TTCAGCGATCTTGGCATAGTCATTGC -3' 
C457 reversea 5'- ACCGAACGCAGTGCCGTTGAAGGCCAC -3' 
C762 reversea 5'- GCCGGTTTCCACAGTCCAGTTGACCA -3' 
rpoB forwardb 5'- CGTCGACGATATCGATCACTTC -3’ 
rpoB reverseb 5'- CGCAGCTGGTTCTGAATCAG -3’ 
BLLJ_1840 forwardb 5'- GCACCATCGAAATGCACAAT -3’ 
BLLJ_1840 reverseb 5'- GGTTGCCCCAATAGCTCAGA -3’ 
BLLJ_1841 forwardb 5'- CACAGTCGGCACGAAGGTT -3’ 
BLLJ_1841 reverseb 5'- TTACATTGCGCAGAGTCCATGT -3’ 
aThe primers used for deletion mutagenesis. 
bThe primers used for quantitative real-time PCR. 
 


