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Research status and application progress of Bacillus subtilisin
the fields of medicine and functional foods

LI Jing', HUO Yixin"*, GUO Shuyuan™

1 School of Life Science, Beijing Institute of Technology, Beijing 100081, China
2 Tangshan Research Institute, Beijing Institute of Technology, Tangshan 063611, Hebei, China

Abstract: Bacillus subtilis serves as a widely used elite microbial platform, playing a pivotal
role in biomedicine and food industries. It is extensively employed in synthesizing a variety of
enzymes, compounds, pharmaceuticals, and health products. The advancing genetic engineering
and metabolic engineering approaches, together with comprehensive genomic sequences, genetic
toolkits, and bioinformatics tools enable exploring the potential applications of B. subtilis. This
exploration offers valuable guidance for related industries. Nonetheless, challenges remain in
optimizing metabolic pathways to enhance desired yields, investigating the synthesis potential
for other substances, and developing more efficient adapter biobricks. Additionally, ensuring the
safety of B. subtilis in biomedicine and food is crucial to prevent adverse effects. This review
encapsulates the use of B. subtilis in biosynthesis of medicine and functional foods, discusses
the current application status of B. subtilis as a future green and safe microbial platform, and
prospects the trends and technical development of its products. This review lays the groundwork
for further probing into the application and economic value of B. subtilis, showcasing its
immense potential for green and sustainable development.

Keywords: Bacillus subtilis; medicine; functional food; probiotics
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Figure 1 Summary of the structures and metabolic pathways of amino acids, zymins, rare sugars, and other
sugar substances synthesized by Bacillus subtilis.
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Table 1 Statistics on the production of some important enzymes and compounds using Bacillus subtilis in

the past six years

Name Strain Year Activity/Yield Reference

Enzyme Nattokinase B. subtilis INFE0126 2021 3511 U/mL [10]
Milk-clotting enzyme
Alkaline protease B. subtilis WB600 2023 34 050 U/mL [11]
Agarase B. subtilis WB800n 2018 14.15 mg/mL [12]

Compound  y-PGA B. subtilis ZJS18 2020 1598 g/L [13]
Menaquinone-7 B. subtilis 168 KO-SinR 2022 59.20 mg/L [14]
Fengycin B. subtilis BSf03 2022 885.37 mg/L [15]
5-methyltetrahydrofolate  B. subtilis 168 2022 (3.41£0.10) mg/L [16]
Mannan B. subtilis 168 2020 12.60 g/L [17]
Tetramethylpyrazine B. subtilis BJ3-2 2020 6.93 mg/g [18]
Surfactant B. subtilis SX-20 2023 1.03 g/L [19]
Riboflavin B. subtilisRH33 2022 11.77 g/L [20]
D-tagatose B. subtilis wild type 2023 39.57 g/L [21]
Hyaluronic acid B. subtilis SeHAS RBSTr3 2022 (728+22.9) mg/L [22]
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W A 2 AT TR 7 A W o 2 By )2
Io7 P CAA RIS 2 21 (9 15 S 8 e sGA 7 500 A X 0T
TSR TE T TT), A 207 ol i AE AR 4
JURRE A S 3). AR I A Sh ik
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Bacillus subtilis can be utilized by bioinformatics tools and development models in the future
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Fr A= 2575l BB AR AT 5] e A s A
FZFMUAF R O, A LUE BibLgR e S T i
2> (transfer-learning), JFEZZHRIE S, A
il B 2 R BR AE R AT I R 2h o AR
S5, Bl 48 A P 2 A W 1 I8 2 0l ) A 3
KU Xt A W 2 LR 2 2] S AR R
I T BT AL IS PR, ROR R A P A
ZF MO TR TE ARG HEBRTT ST AT T, AT LU
R ey B bl o XA EE G A Y EOR FEL
FHORBEHE, AP 25 G0 R B 2 A
BRIl 2, AL B 2R AT A S P BT
ST R Y K

3 WREER AR A

Hili B ZF IO TR A S — B 4 0 i A -
&, TERPCR ST RETEIR AL, 224 R =0
Yer: 2 KRN R PO G LR A S
i A E T 2N, AR E
WISy, AR R gt A R SR i A - 4ok K P A T
TR B AR 4) . Ak, W R
M 2R AT B RER TR DY | ok E P
EFRR, A 2L R AR S AR
3.1 IheeMikam

PRUA 555 28 AT 1A ) &8 e o B M S B e 4R
SRk, R R AEWMR . KRR R
W4 KA Bt i AR D RE A T RE P & LU O o R
PR HRERRE & AR

FUARGEZEMAT T WX-17 X8 ST
TR, RIS SR A A R iR B
VA, B A B R T 6.32 4%
155 /% AR Z5 R, LIS i (okara)
ME— W, 2R AT R WX-17 SR TR AR % T
A AR PRI REEAR AR 1) 25 AR B AR, iR BN
Xof 8 2% EG BH I 20 BT AP B TS RS, AT RE S
/b 5 TR DORE RO AR 2= B LR R SR, O BV

TR S TP Y B R PR AT AR A
BERFEM, FIAh, B I G
ZEMUAT 7 HI18-9 A Y S5 Al BE G 1M T8 &
) ft R RIS SRR, OB R S B AL B4
b5 1 T (B-D-glucosidase) 1 P£ 1 BF 1 fid 3
(aglycone) 7 FEAG I k35 , 25 I EFN 2T 20 2 s 1
BETHEET A R M B ML6 A
Jit FeCls A= BUA: 1)k 4 K UKL [Bio-Fe(I1)NPs],
TERR Y Th S AN [R) B2 9 Bio-Fe(IDNPs K
SR 1577 65 75 AT 2 R R W (A L AR AL RE Y,
3.2 HAEESH

i A R N 1 N B R R T A
FIESR AR I PER, & ATl 55 TP B
WRIEARS, BT R, AR R AT B LA R AT
B R AN IR R BE 7, RERETE MR AN IEER Y
IREE ARG IR S0 o )40 DAt ) A I £ ot v
B 2 MR R 2 MO R AR A g 2R TRONHE IR Tk
B0/ NREERA B RIFITRL, hh B 2 AT
@ CBD2 Al KMKW4 34 xf iy b Bz 40 iy
HT29 (1 85 B R0t S05 ok A= 4 Ay 40 i 76 44000
DLUL, Rl B 20 AT B AT LS B 4 435 B 1 5
BCETHR G IRE, ISR . Thh, #
BZFMOAT AR N AT, B RS AT DL R
BERY B & R ABUAAARE ) . FEIRAMA TR
T TR R R M AE TG R T 90.36% 1,

Ak it & A EC Oy AR T2, ALK
B ZF AT T AN 0 3 &2 A AR TRARORE . PR YT
REE AR R B, DA KRR R
o A2 T ACR AR E R, SR g5 A8 m
3 €0 Mg R 1 £ A
3.3 fRiEm

Y R K, PIIH ZERR 7 (menaquinone-7)7E
B 36 B 0 B A Lo M 785 A0 T SR B T i
FHIR. N TIRTE MK-7 BIAEFER0R, WF5E
NG DA EZE AT B 168 7 0 TR TRy
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the functional food field.

JEEFLTERE, BP0 MK-7 Mk AEY& it i i
MK-7 i&4% | 3% ¥ iR (shikimic acid)i& 4% | 4-BEMR
B JL 7R & Bl B (methylerythritol 4-phosphate,
MEP)i& 48 K H A& 123X 4 MR HEAT T
AWIMGE, K BLEE AR IE menA, dxs, dxr,
yacM-yacN . glpD 45 JHE AL ], 374 1 fi bR dhbB
SR, R T R AE Y MK-T T AR
Wk, ZES T 144 h (9K, MK-7 1977 i
3% (69.5+2.8) mg/LP?, (RIS SEIBFE Y, R
A Plackett-Burman (PB )iz 56 % Al 52 27 M AT 5 18
RS AT T B . 25 kG MK-7
7 IR TE R 94.66 mg/LU,

FMLLR E—MIRHEHERNE PRAR,
A DVA RO BR H A, 3B A] DAV 4
R Sy ), I TE A 2 A R AL A
SRR F ML R A BTN, SHLBIT
WKL R A G BGERI 13 D OCHEE
FeE AR E 0.79 mg/LY, WAL T E & &
AHELZR BB B RE VERR WS , B A s i i Ak
fig 1104,

iR (folic acid) & Z A 4 JL AQ B i 72 v Y
wEAEY ST B OEMNA MR
(N5-methyltetrahydrofolicacid) & M R 76 A& 4
A ME— TG PRI 2, o2 i — AT A 3l o ik 5 e
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TR FIIRYT P 28 22 G AH DG B 1 IR =0, i
MRk = 25 B FEN , BAEE LT im
P2 I B R I AR o 5 TR R 2
FF R A 38 T X S 3 2R H R A il (pabAB) Fl 24
FE S AG R MR i (pabC), 1 %35 guaA A
fol BK i 2 ANJE A, I XAk B 20 M AT P 004 2 5k
O3Hr, AREZEMFFE B114 BiFkH S-MTHF 7= &
T (3.41£0.10) mg/L, F=FH 0.21 mg/(L-h),
SEI A A B B AR

BB R (riboflavin) & —Fh B E AU 4EE R, )
ERPAT R 2R Tk, TR RS
I A58 2 VAT A X Ay B 2 AT TR D R 2R A 7
MR, EEEkAE T, 8% 350 mg/LPY, 4R
1, F 40 N A AN 1 5 SR AR At
AR, PRGN T Tl WA B R A G, A
il 5 2 M P 3 2 IR 22 A 3k TR 1 2% 25 R - Al
AN P AR, e TR B R A R R R
5 59.27%, K% 11.77 gL,

b2 G TR A B 2 A, A
FAK HRMERE =2, FIH KRR L2
YA REE, e s RS E T &
Fo A IS FC T AT R B T e R DGR, R A
B ZE MOAT R A AR PE R i s 5 .
34 HEHHMNA

il R 2 AT P A T T s LA g )
NSV R 25 b 1 8 5T o R B 25 A B
XFH TR IR B AT R I, YRR R AR R R R
G R PR E TR SR, BEEEN LS
gy, —HWHTGANE S, B EMERE,
TR B ZE AT B BI3-2 DS B 1A S 2F AT I
TR i b i 7 )1 5 R (ligustrazine) . 21
fitg 5 = 0 0E MR o AR W R A, AR e
(trimethoprim) =4t K 6.93 mg/g!*!, [F] i 7E A #
ZEMIFF I LM 4-2 Al ik A S 21T Rd 77 a4
Ft, SRAEALE PR AT 15 5(6.375£0.006) mg/g*'.

P& RS — Bl B, e AR B b & R s O
HHEATIZ MG BB, e hh . B2 R iR (g
al PR TR BN TR, B BRIOOE L R
MAG . BERMPLRAER, [FREd R — R KR b
AL, BB PR PU ALY, TR
P B IR A 52 AN o IR B ZF AT R ik
POMDRS 1w WS OB, X 8 7 A 5 ik ik
Fr Tk iAe, BE 3 m 2 46.5 U/mL, #2165
8.7 1, O a- FUBIFRES B A ALBSEA LR Bt 77—l
33 P A 5 R

W R 2 AT R R B AN TR . B A A
Yok H g L, R AR B R
BEXF FHAE MG B4 78550 LA KBt AR T R A
FZFMAF R MB40, WFSEE RSN NS
oo H A PR SRR T T AL . ARSI
HMPp . wARReE . A REde, A aE
Xt R R4 T 22 A A 00 I R W] i T B
AN G N A s AT ] 7 T 5 0

AR PRV 5525 IR T 5 B0 oty S P 245 44 PT LA
e E R A FIZEHIE MRS R, LIRS
TR Tt A1 A R SRR T P S R T, R e
ity M G R R 24 i o o ) — R AR T T 9 7
o XTFTEA BT 5 G 3 PR AR A 2 AT TR
R U T 25 RO ST K RIPLR] Bl b2y
LI RE ALY o

4 ROV A

il B 2 LR DO R 8 AR A B 5 (1
TS ) MB IR P Th AR AR Tz
7 o M E MR T ek T B IRt gl 0D
SEMIBTAEAL D RE R T, 1) T H: A T v B 51
WS 2 2 s B kL, AT B s KB B BR A
(Streptococcus)& YL e S, SIS ATk AT
G AR R O

il B 2 MR TR 30 X — S AR W B A R AT 1Y
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Bl A VR, 0 A4 s s U O L A ik
RN S U S RN (8GN
2 FEEE L Bk O VRIS AR e S )
AR LR MUAT I CTXW7-6-2 fEfg ™7 AR 1% )
Jo % 5 | AR Bk A A 2 R o D i D T - ) 2 DA A TR
(Botryosphaeria dothidea) , #8125 /5 % 4 (Phomopsis
sp.) Fl 5% #% ffl (Alternaria alternata) it 18 22 7 4=
AR, i E a5 81.76% . 69.80%F
32.03%!1%%), Eitk B. subtilis GUCC4 M| X BRTE B
0 B (Nigrospora sphaerica)s | (1) F & F ik ik
WA i BTG HEA B A AR A
ARSI I 77 A A A 9 A A R A v 100
FZEMAF I 10-4 AR IERIE RS BR
Chla, Chib FIZEHIE MR AUREME, Fir L] LA
XN o

5 MEFRAENEFNES
Rt F &

5.1 ZFMERIE

HR AR HL S B0 F00 s o, SUR A B 2F i
FraT A BE Wi B, 47 i Al ik 1 689.6 kg, 4F &
B E AN 16 021 000 SEJ0, #7254
1.37 A2 SSOUE B 1 R AR R 2E AT BR A e
P EEH ), T g D, HA AT 22 vk
AIATPERE 7o HAWEE B, 78 2020 4F 1)
40 A, 2ERkdEn TR 1840 J1 R IuAIAE
ZEMOAT B AR S A, T2 DAt e e 59 A AT
BRI s BN R R AR A
FOFMIA A B, A T 170 T3, 274
F1 107 J7 SE0HY =t P, Ak K ARG F2E I
FEASE T R, HUOE RS . e, &
FE R L AEE R PRE, 2022 4R 4Bk b
Hili R 2F FROAT B8 T S A 3 301 R 4.86 A oC AR T
M 1.87 A N, FiihE] 2028 4, kAl

BZE AT B T S RS A B 8.22 {C ot AR,
AR AN 8.9%!M,
5.2 MEFE

il 2 TR A A e ) AR A T T A
PE, BT HEA BRG] ENE, X HH#TmiL N
1 A LA E A ORI B A& P 4 AT RE
H R X Al B 2 A TR A A TR R AR
BAELL LA . (1) B8+ LA it ik
i 1 N IR s F IRk K, S R s T
SCEMS) ) RIS RS ER R IR, BR TR AR
BT, AR @ G gh U IR IR B e R
ik, MEA R SR AT GRS T R S
RS shFZ mfgsgm ™, Bar, A 2E
A H FE ST 10 488 a 87 P43, 7537
Ja 3l Pxyl A FI [ E AH A 31 PsrfA 55 7RS4
BE8hF Pylb f3Eat ., M ib-35. —10 X
WA, JF &R IS 3F NBP3510 A DAL
A B2 AT TR B4 D SRaA G Ak A 7 AR R
AU ) mAREEALE . W MR R %R
W A TGS SR %S . DNA 48 . RNA 48
FNEE [ S VB ANE S | A A s . (3) HiIN
AR G R A D A R AR I E A LR
BLaR AR, R T s SR RN A TR AR R
RN DL S PR R R (4) JEPH 4
BEHOR AT DR R | B PRIRROA | JEPRI 28 |
i 35 2 i AR VRN I ALK R B g R B R T
S R T G 3 200 R A TR B T A ] ) e o e
IR P A 2 AT DR AL B S S 4B A BESs,
BRI T g e A R MR, BB TE M,
B 2 AT TR R S B R LTI e e g
BEAh, ARIZERIA LR g R G0, AN B ok S
Pl g R G0 . BUTURIIE R g R 48> R s 4
BEHOR, Wi 7 EEER R E TR, 7R
CRISPR-Cas9 R4 Hr, Al H A A AU A% TR 1
i e Cas9 44 AS AN SpRY, T SpRY 1Y
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I N4 B e 2 4 S (PLABE) | M 1935 1 i 5 4 o
(PLCBE) IR W14 i 15 W i 5 25 4645+ (PLACBE)
e A 5 25 AT 11 P AT AT I 0] B e 471 <08 i
J¥(protospacer adjacent motif, PAM)fBR i, AE
% Z 56 e R 2 v LT BT AT 1) JU G2 2 00 L g i
E i 17 P S S AR SR T R 100%!°T 0 Al B 2
WA IS AL RGBT, RIS R
A A5 1 B CRISPR-Cas9 ik, S
WHE AR Z 3 AR DL, AMETohRC . o
B, PR E A B 2 AT P AR AL T T REN L
TEHARTT T, FIACKIRT PmalA #:4\ 75T
malO Y35t & T HAR, BEfESCB™ s | Aol Aw]
o A DR A 2T AT 8 v A 2 AT 1
HMIEEE Y 23 AR

S R A AV e S AR AR
T UG TR E PR, s SRR I A AR
PEFT SN IR 10 18 RS2 S R, 25 B A,
Hili FEZF MOAT B A 2l 2 2L CRISPR BEH %
ROy Heal, diaRs IR, BIRE. HN
F LA RSB AL % 65 30 [ (genetic code expansion,
GCE)!"*55 Z R F B, [l b ml i 3ok O 1k % 1 5
FREE . BEWAE I T R TE A K AL i
PRAER VAR S 2 B T A R 2 IR T A
B i 15 R

6 ZHEEZE

BEH B AL AR B AW K S, Al w2F AT iR
R AE R AR SR R 25 e, LA R S REE K
fity PR it Ul e S B R A AR

B, ARZERAT R O — R R R, H
AXANBMHX RO L2 WEIREEILR . A
Sy PRSI, AT A 23 ARl
PR | AEMZRE PRA TR . S5k, KT
il B 2 A BB R B o e Ak . BURIAE A
M THLRI SR E A F = motsE, RAEEM

ST SO A B B . Bl A0 e B
O REHG I, PRAd Ak T Sl A o R A
L ZF AT R A T AR AN A 2K S A R fi
YERIB 1, 0 A R R A b I, W LA$
ML NTHE 22 A MEER Y. A, BR
il B 25 AT R A SR ORI P RE T, R LORR T
YeRFERFFA S RevEER Y i, (HH™
i A TS AR B2 o R A I B S T Al 2
PR TR 11 DA o €00 B o ) 2 90 S I i A A W A
7 IT AT T

T e AR BE 24 AN T REAE B it 45U A 1
PR A O Tk B 2 AT T A AF 5 1 8 PP AR A
A= T2 BEARA = A, I T80 R
5 L DN RE DT AL VERE AR A o B TR AT
FEMBARGNH, A AT A R AE S REVERY |
BRE . PRfaah SF O IE BRI TT, NAEY)
TR AT A ) K S ML
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