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RESULTS

Strain Gene locus tag Protein 

size (AA)

B. longum longum 

NCIMB8809

B8809_0201 618

B. longum infantis 

MB0047

MB0047_0847 623

B. bifidum 

MM0281

MM0281_1563 829

B. kashiwanohense 

APCKJ1

BKKJ1_1301 637

BKKJ1_1001 125

Fig. 1: Phytase activity of 55 
Bifidobacterium spp. strains (µg/mL 
phosphate /mg protein ).  High: > 10. 
Moderate: 5-10. Low: 1-5. Absent: <1

Fig. 2: Classification of predicted Bifidobacterium phytases. Neighbour-joining 
phylogenetic tree of the predicted phytase-encoding genes in various Bacteria and 
Eukarya. Phytases classified based on their PFAM entry and coloured by Phylum. 

Table 1: Candidate phytase encoding genes. 
Identification was based on PFAM entries and 
experimentally characterized phytases.
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Fig. 4: characterization of purified candidate phytase encoding genes. A: phytase 
activity. B: phytase activity over pH range 3-8.5. C: phosphatase activity on 
substrates PNPP, XP, PLT. D: phytase activity of recombinant B. breve UCC2003 
harboring constitutively expressed candidate phytase encoding genes.
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CONCLUSIONS

• In this study, we screened a bank of 50 human-derived Bifidobacterium spp. for in vitro phytase activity; 9 strains exhibited high activity, comparable to the previously described active B. longum subsp. infantis ATCC15697. The 
most active strains belonged to the species B. longum, B. animalis and B. pseudocatenulatum. No active strains were identified among the tested B.breve strains.

• Genes encoding phytases were identified in B. longum subsp. longum NCIMB 8809, B. longum subsp. infantis MB0047, B. bifidum MM0281 and B. catenulatum subsp. kashiwanohense APCKJ1 based on PFAM entries and 
previously characterized phytases. B. longum and B. catenulatum candidates were confirmed to be phytases, while no active pytase encoding gene was identified in B. bifidum.

• These findings deepen our understanding of phytase distribution and activity in the Bifidobacterium genus, laying the groundwork for tailored solutions to enhance micronutrient absorption from phytate-rich foods.

INTRODUCTION

Phytic acid is the main form of phosphorous storage in plant seeds. Due to its polyanionic nature, phytic acid chelates mineral cations such as iron, zinc, calcium and magnesium, both in food matrices and in the stomach, resulting 
in insoluble phytate salts. Monogastric animals, like humans, lack sufficient intestinal phytase enzymes to break down phytates, which pass undigested through the gastrointestinal tract, impeding the absorption minerals 
complexed to it. In low- and middle-income countries (LMICs), where complementary foods are mainly plant-based, such as cereal or pulse porridges, phytate significantly contributes to micronutrient deficiencies, especially in 
weaning children.
Phytase encoding genes have been identified in a variety of microorganisms (e.g, Aspergillus niger, E.coli), however only a few phytase degrading strains have been identified among Bifidobacterium spp., with B. longum subsp. 
infantis ATCC15697 being among the most active Bifidobacterium described. Being coloniser of the infant gut, Bifidobacteria could find valuable applications as probiotics for early life nutrition. Sufficient phytase activity in the gut 
could allow for in situ phytate degradation and offer an innovative approach to improve mineral absorption from plant-foods.

OBJECTIVES

• To screen a collection of 50 human-derived Bifidobacterium spp. strains (species B. 
longum, B. animalis, B. catenulatum, B. pseudocatenulatum, B. breve, B. bifidum) for 
phytase activity in vitro. 

• To sequence and annotate strains exhibiting phytase activity in vitro, to allow 
bioinformatic identification of candidate phytase genes. 

• To test purified proteins encoded by candidate phytases identified by the 
bioinformatic approach for their phytase and phosphatase activity in vitro; Genes 
confirmed to encode phytases were further cloned and heterologously expressed in 
the host B. breve UCC2003, which lack phytase activity, and the resulting 
recombinant strains were assessed for their phytase activity. 

METHODS

➢ Strains cultured in low-phosphate De Man–Rogosa–Sharpe medium

➢ For in vitro phytase activity assessment, cells were washed and resuspended 
in sodium acetate buffer (50 mM, pH 5.5) and incubated with 0.75 mM 
sodium phytate (3 h). Released phosphate measured by colorimetric reaction 
with ammonium molybdate measured at OD650 nm. 

➢ 5 candidate phytase encoding genes cloned in E.coli BL21 (IPTG-inducible 
heterologous expression vector plasmid pET28b) and overexpressed (NZY 
Auto-induction LB medium). His-tagged proteins purified with Ni-NTA column; 
protein purity and size were confirmed by SDS-PAGE 

➢ Phosphatase and phytase activity: purified proteins (0.2 mg/mL) incubated 
with 3 mM of substrates phytic acid sodium salt, para-nitrophenylphosphate 
(PNPP), 5-Bromo-4-chloro-3-indolyl phosphate (XP), or O-phospho-L-tyrosine 
(PLT) for 1h, 37°C. Released phosphate was measured by colorimetric reaction 
as described above

➢ Phytase activity of phytase 
encoding genes was tested 
in B. breve UCC2003 
(vectors pNZ44, pBC1.2)

3.    PHYTASE ENCODING GENES TESTING & PROTEINS CHARACTERIZATION

1. SCREENING BIFIDOBACTERIUM SPP. BANK

2.    BIOINFORMATIC SEARCH PHYTASE ENCODING GENES

➢ Phytase producing strains were sequenced and the resulting chromosomes 
were annotated. 

➢ Candidate phytase genes in Bifidobacterium strains were identified based on 
PFAM entries and experimentally characterized phytases from literature.  

AAC31775.1 Bacillus subtilis

sp|O31097|PHYC BACIU Bacillus subtilis BPPhy

AAL25193.3 Bacillus amyloliquefaciens

WP 012117785.1 Bacillus amyloliquefaciens

ABC75078.1 Bacillus coagulans

CAB13871.1 Bacillus subtilis subsp. subtilis 168

EFG94216.1 Bacillus subtilis subsp. spizizenii ATCC 6633

AAU39404.1 Bacillus licheniformis DSM 13

ZP 04154570.1 Bacillus pseudomycoides DSM 12442

ZP 04160523.1 Bacillus mycoides Rock3-17

EFM10671.1 Paenibacillus curdlanolyticus YK9

YP 004639353.1 Paenibacillus mucilaginosus KNP414

WP 013079450.1 Caulobacter segnis

WP 081946517.1 Arenimonas composti

WP 119100504.1 Streptomyces sporangiiformans

WP 138047582.1 Streptomyces montanus

WP 190044561.1 Streptomyces filamentosus

WP 065967109.1 Streptomyces sparsogenes

BPSY 2024 Bifidobacterium psychraerophilum DSM 22366

DB51 RS09840 Bifidobacterium crudilactis

BAQU 1772 Bifidobacterium aquikefiri LMG 28769

MM0281 1563 Bifidobacterium bifidum MM0281

B216 0080 Bifidobacterium bifidum LMG 13195

WP 076427067.1 Pseudomonas alcaligenes

WP 077683163.1 Pseudomonas stutzeri

WP 047305063.1 Pseudomonas fluorescens

WP 040262519.1 Pseudomonas massiliensis

EGL55214.1 Methylophaga aminisulfidivorans MP

WP 014707344.1 Methylophaga nitratireducenticrescens

WP 067518202.1 Endozoicomonas ascidiicola

sp|Q9SFU3|PPA15 ARATH Arabidopsis thaliana PAPhy

D2E22 RS06615 Bifidobacterium castoris

B1400 RS08320 Bifidobacterium italicum

CGZ88 RS04440 bifidobacterium anseris

lK312 RS0101895 Bifidobacterium choerinum

B1526 RS05315 Bifidobacterium criceti

BANAN 06345 Bifidobacterium animalis subs. animalis ATCC 25527

BLA RS02620 Bifidobacterium animalis subs. lactis

G627 RS0107820 Bifidobacterium pseudolongum subspecies. globosum

BCUN RS04770 Bifidobacterium cuniculi

D2E26 RS00860 Bifidobacterium dolichotidis

BIFGAL RS02580 Bifidobacterium gallicum

G478 RS0104945 Bifidobacterium magnum

BBOH RS06920 Bifidobacterium bohemicum

GA0061077 RS06050 Bifidobacterium commune

BBOMB RS00205 Bifidobacterium bombi

CRD60 RS07305 Bifidobacterium aemilianum

bcor RS01670 Bifidobacterium coryneforme

DKK72 RS01615 Bifidobacterium indicum

BACT RS00215 Bifidobacterium actinocoloniiforme

BAST RS00740 Bifidobacterium asteroides

CRD59 RS04035 Bifidobacterium xylocopae

WP 042381880.1 Streptacidiphilus melanogenes PTPhy

AAR89622.1 Citrobacter freundii

AAS45884.1 Citrobacter braakii

YP 002384142.1 Escherichia fergusonii ATCC 35469

EDX38944.1 Escherichia coli 101-1 AppA

CCA94903.1 Shigella sp. CD2 HAPhy

ZP 02904404.1 Escherichia albertii TW07627

AEI69378.1 Yersinia mollaretii ATCC 43969

ABI95370.1 Yersinia intermedia

AAQ90419.1 Obesumbacterium proteus

CAE01322.1 Raoultella terrigena

AAM23271.1 Klebsiella pneumoniae

AAL59319.1 Klebsiella pneumoniae

ABW76125.1 Dickeya paradisiaca

ABY76184.1 Pectobacterium carotovorum

AAN77879.1 Pseudomonas syringae

MM0153 0433 Bifidobacterium longum subsp. longum MM0153

MB0014 0157 Bifidobacterium longum subsp. longum MB0014

B8809 0201 Bifidobacterium longum subsp. longum NCIMB 8809

BBL306 0215 Bifidobacterium longum subsp. longum CCUG 30698

BREU 0470 Bifidobacterium reuteri DSM 23975

BFAL RS05820 Bifidobacterium aesculapii

MB0012 0333 Bifidobacterium longum subsp. infantis MB0012

Blon 0263 Bifidobacterium longum subsp. infantis ATCC 15697

BDP 1985 Bifidobacterium dentium Bd1

BMOU 0380 Bifidobacterium moukalabense DSM 27321

BIGA 0735 Bifidobacterium gallinarum DSM 20670

BSAE 0508 Bifidobacterium saeculare DSM 6531

OU11 RS07350 Bifidobacterium pullorum

G479 RS09770 Bifidobacterium tsurumiense

BPSY 1776 Bifidobacterium psychraerophilum DSM 22366

DB51 RS08315 Bifidobacterium crudilactis

BKKJ1 1301 Bifidobacterium kashiwanohense APCKJ1

BIFPSEUDO 03792 Bifidobacterium pseudocatenulatum DSM 20438

FQ328 RS01900 Bifidobacterium catenulatum

EM849 RS05295 Bifidobacterium tissieri

XP 001267160.1 Aspergillus fischeri NRRL 181

XP 751964.2 Aspergillus fumigatus Af293

XP 001271757.1 Aspergillus clavatus NRRL 1

XP 659289.1 Aspergillus nidulans FGSC A4

XP 001821210.1 Aspergillus oryzae RIB40

XP 002376973.1 Aspergillus flavus NRRL3357

sp|P34753.1|PHYA ASPAW Aspergillus awamori

XP 001401713.2 Aspergillus niger CBS 513.88

XP 001214511.1 Aspergillus terreus NIH2624

AAL55406.1 Penicillium oxalicum

XP 002561094.1 Penicillium rubens Wisconsin 54-1255

XP 002148821.1 Talaromyces marneffei ATCC 18224

XP 003065081.1 Coccidioides posadasii C735 delta SOWgp

AAB52508.1 Thermothelomyces thermophilus

XP 001589324.1 Sclerotinia sclerotiorum 1980 UF-70

XP 713416.1 Candida albicans SC5314

XP 713478.1 Candida albicans SC5314

XP 002421792.1 Candida dubliniensis CD36

XP 002546108.1 Candida tropicalis MYA-3404

XP 458051.2 Debaryomyces hansenii CBS767

XP 002419861.1 Candida dubliniensis CD36

NP 009650.1 Saccharomyces cerevisiae S288C

XP 001271709.1 Aspergillus clavatus NRRL 1

XP 001393206.1 Aspergillus niger CBS 513.88

XP 002490985.1 Komagataella phaffii GS115

XP 003072016.1 Coccidioides posadasii C735 delta SOWgp

sp|Q9UNW1|MINP1 HUMAN Homo sapiens
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