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TEE AN B S — b K G 53 W B 3, A 0 M A 5 2L 5 H 25 2 BB, SRR H L (Glycyrrhiza
wralensis)VE R & FIR TG, & & 22 B0 06 04y, ARTET IG 96 V5 3k 8 T 5 o SR AS A 11 ) R, A A 5 SR HH 1] Bk
R IR (TIBS) A4 £ 2 i JR T B A B R ZR , I il 4 HL AP A o DA A T R 2K B g MR AR, oy R SS R R &R
WA SR R BGA 10.81 £, DL AL KE 95 50T 50 N A 2 A 5 0 W 1 K15 . TIBS /R R 7E 5 min/6 h 2 &M% T
Bigt 28 K, B0 SV RBURTEE 1312 %5, RAE TR, TIBS il % A9 2 W 1A 2 250K, F ki 48 56 nm, & it
1.07x10" particles/mL, Zeta L {7 & (-15.030+3.815) mV, & FH Al #0 i 48 i 41 27, 76 405 S HE Ah b 4 A 46 3]
1760 A G, Hoh 22 S0 1068 4~ Ak b 195 MUY & B T a0 2L, R 2Rk s HEk A
0 i 05 R By AR N BRAS A o . 45 SRR W], TIBS 1T e R 4% 45 — e 19 B B oR H A s R | A1 W5 1A% M B 43 F T
e B SRR H R AR E R 56 BT A& T AT I g 5 T ) 1) TF 9 B AL R ek T % T vk 5 T S A
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Abstract: Exosomes are nanometer-sized secretory vesicles that play a pivotal role in mediating
intercellular communication. Recently, exosomes derived from herbal medicine have garnered
significant attention owing to their unique composition features and therapeutic potential. Glyc-
yrrhiza uralensis, a traditional Chinese medicinal and edible plant, is rich in flavonoids, terpenoids,
polyketides, and phenolic acids. However, the long-term consequences of overharvesting and
artificial cultivation have led to inconsistent quality of licorice materials. Plant tissue culture
technology offers a sustainable approach to preserve medicinal plant resources, enabling year-round
production independent of seasonal and environmental constraints. To address these challenges and

explore the therapeutic potential of herb-derived exosomes, this study employed a laboratory-
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constructed temporary immersion bioreactor system (TIBS) for G. uralensis cultivation and
exosomes isolation. The key experimental procedures are summarized as follows: sterile buds
derived from G. uralensis seeds were used as explants. The callus proliferation medium consisted
of Murashige and Skoog medium (MSM) supplemented with 1.18 mg/L 6-benzylaminopurine (6-BA),
1.44 mg/L naphthaleneacetic acid (NAA) and 1.44 mg/L 2, 4-dichlorophenoxyacetic acid (2,4-D),
yielding a maximum proliferation coefficient of 10.81 after 21 days. For shoot proliferation, sterile
plantlets were generated on MSM medium supplemented with 1 mg/L 6-BA, 0.05 mg/LL NAA, and
150 mL/L coconut milk (CM), which produced sterile plantlets within 28 days of culture. When
cultured in the TIBS system with an immersion frequency of 5 min every 6 h, the callus proliferation
coefficient reached 13.12 after 28 days of culture. Exosomes were successfully isolated from the TIBS-
cultured G. wuralensis calli using differential centrifugation and ultracentrifugation protocols.
Comprehensive characterization was performed to validate the identity, purity, and stability of
isolated exosomes. Morphological observation via transmission electron microscopy (TEM) revealed
typical cup-shaped vesicles with a distinct lipid bilayer structure, which is consistent with the
canonical exosomes morphology. Dynamic light scattering (DLS) analysis determined an average
hydrodynamic diameter of 56 nm. The exosomes preparation exhibited a particle concentration of
1.07x10" particles/mL, and a zeta potential of (-15.030+3.815) mV, indicating excellent colloidal
stability suitable for biological applications. To decipher the molecular cargo of these exosomes,
untargeted metabolomic profiling was conducted. A total of 1760 metabolites were identified across
callus and exosomes samples, of which 1068 differential metabolites (DMs) distinguished exosomes
from parental calli. Notably, 195 DMs were significantly enriched in exosomes. KEGG (Kyoto
Encyclopedia of Genes and Genomes) pathway enrichment analysis revealed enrichment in 11
metabolic pathways, primarily involving terpenoids, flavonoids, alkaloids, fatty acids, and
phenylpropanoids. Bioactive compounds of interest included azelaic acid, phloretin, and sen-
kyunolide C, highlighting their potential pharmacological significance. In summary, this study
demonstrates that the TIBS-based in vitro platform enables efficient, scalable, and consistent
production of G. uralensis-derived exosomes with homogeneous morphology and specialized
metabolite profiles. The successful isolation, comprehensive characterization, and identification of
bioactive metabolite enrichment establish a robust foundation for mechanistic investigations and
translational applications. These exosomes exhibited promising therapeutic potential in anti-
inflammatory, antioxidant, antitumor, and antibacterial biomedicine. Furthermore, this bioreactor
system addresses the quality inconsistency issue in natural G. uralensis resources, paving new ways
for developing innovative herbal exosome-based nanomedicines.

Keywords: Glycyrrhiza wuralensis; temporary immersion bioreactor system (TIBS) ; exo-

somes; callus; metabolomics
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AT, B A SRR H B IR, HBE 25 R H b
AT Tz T SR K e LU R A R R .
B 1 N U R = VAl R Uk A VAV N I | B
It F IR0 TR, LARM TS EF®
JE R B i P 0 R A

WAL A R E oS8R RE T, I 4k
P85 3% @ 05 41 801 06 I & & BLCPT AE A PR R SRR
o BOTH I OCHE o Ak N A R B TAS R A AR S
3 2 20 Fe A B R A R R AR R BT IRl AN
T 0 2 AR S AME AL TR OR T X
LW A W) i BB G BB R R AR R 95 R ik
A7 TR P 2 vt 3 3% o X 2T 2 B A A 21 21
XiF 3 3R 0 R ORI 1 W W, B R A 0 B R
B, BN THRES O RS 32 RGEY 172, AR ] B I
/5. A= [ £ A 74 BIO-F % %1 (bio-

function, BIOF) [i1] 8t & ¥ #i 9 4= ¥ J i %% (tempo-

rary immersion bioreactor system , TIBS) , jf & %
N TR -8 71 2R A 4 S 2
Hh WA (exosomes) J2& Hi 4 i3 53 W5 19 44 K ¢

(50~150 nm) X JZ B B 22 iy | 3 3 2 i /K (multive-

sicular bodies, MVBs) 5 Jii I il & B it 2 M 487,
W Hh Wb K (plant exosome-like nanoparticles,
PENs) (4 W) & A 8152 5 h W SN b IR A AE 25 5%, T
FIE 38 3 vk A ) B RS A S 2R . SRR T,
L) 70 WA A 485 0 A ) e S P 26 0 3 PR 4 L A A D
RNA (4 miR168a) ¥ A= A1 (B iR L 2 I 28 ) K
77 ) R DG 2 1, 1T 3 A R A s e e A AR ) ek
I 7L 3h ) 4 L T fE . Pomatto 25 M AE I b 4R B Ak
WAMAAE R RNA 2 i 19 400K, JOF 3 o B IR LS 9 45
ZHUER] T RIAT PR X R I OB A mRNA JE i fR AL T
BrE g, RGN HIEY), A Z A T
PERCGr . HETE A 24 & T 25 4 W4 19 i 5%
Bl fn o, R 2 4 W & (ganoderma lucidum-derived
exosome-like nanovesicles, GLENVs) & & %5 24 ]
75 Lk S W, A 48 A 0 I M BT R R T SR 5 A
(5 BE PR/ BB VE M A 2 L TORR 5 P8 R E L B
INFI D) RE, FLJC B 2 PR o B R o 40 8 s i A0
P (TNVs) AT LAGE i 34 15 7 18 R A R0 33 o HE s A ik
% i 2 AUBE DR E 5 00 R 05 AR HEDO . HIL R 5
KW, TNVs A DU i 38 53 5 5 7 R 48T AR O 7Y 2k
PRI By ¢ 3K O 30 ) 55 ) T b Bis 7 A= B R W T Mg AH OC
14 5 D] 3R 8 Ok el s M AR AR . HLAR &) R O2 AT 4
/AR N R N R G SN X L (Al

T2 445 48 1) 5 R P, S0l O o i P 3 5 R A
PR MR 2% T HE OB b o X 86 i AL ) 7 A 1 3%
TR A 5 2 R E R A 3 R R A WA A AE AR
B ABAE S LS EES, X AFER
R R N 3 B AR S P N 'S A
il it ) 2R, SR S S T AN S AR e R
YA e A # J0 T ARAS MBS B . (81 TIBS H AR AT LU
WAL A RS o L 0 3k A R I ) A A A fige T B R )
o I HAHE T B AN R A RS G [ K 1 5%, TIBS 7
H A AR W B ORE A 52 A0 A S BN B SR R N K a3
o B 04 5 ), o Ml B N TSR K B R, A A
A AR B A AR E TR M — . ARSI E A
2RI BIO-F 5 81 2B ) 2 R4 8t 37 2 = 4b
WA R E T A 7 i % VR R A 0 SRR A T AR
IR R I e N NV N EIEL TR (N T ol N
HA#55 1 4R 2 e ) FNg i g

A B 1 A 2 2 T R B8 o B AR W RE A b R
B 0 A A 22 S, T B A AR G R
e S AR AL AR R SE A R R R
R e S0 83 - HR EK BT 35 (ultra perfor-
mance liquid chromatography-tandem mass spec-
trometry , UPLC-MS/MS) £ K , iff 58 A 51 & 8L T 4
AN AR B VS 1 . Yang 5058 i X 15 T8 Ak
B & (purslane-derived nanovesicles, Po-DENs) i
AR 4 2% 43 M7 & P, Po-DENs & 41 & & A9 W9
TR Tl RA R Z R IRt N T L, BRA
Wl R s B Tk P 1048 52 6% 002 T g, O3 i S 2k A e
SLHPEAT TR . ASHT S L i TIBS 57 5 Hi R
H B2 5K R T A LA A i o B T UPLC-
MS/MS {14 3 ) AR 35 2H 27 23 Br Al 2 e AE AR 35 4 5
T, O 0k 22 S A OF AR ARSI B A BT LA 1)
3 A 2 FE AR IR A5 I 2%, Ay 24 9 U E 1) I R
PSS

1 SEWES

1.1 XFaXF S4#

Vanquish # /5 2 A {435 {X . Orbitrap Explo-
ris 120 Jii i 1% ( 3% [ Thermo Fisher Scientific 24
"), HT7700 i 4t fi F i 53 5% (transmission elec-
tron microscopy, TEM, H /& Hitachi 24 & ) , A50-
Micro 44 K Wi X 4> #r 1% (nanoparticle tracking
analysis, NTA, 9% [i] Apogee /A 7l ) , Bio-F %! [a] &k
BB W) A=) SO e (R o 07 A R A R
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F]),E-10D H + K F (3 2 Hr Rl B2 AU 3% A PR A
), LDZF-30L & [ 7% V3 K B 5 (13 Y2 BR T s
W) HT-1300-U B TAE G (FLEARGHRL
H), B Wi (75 E Eppendorf 24 #) , Optima XE-90
i 5 3 O AL (36 [ Beckman Coulter A RS H]) ,
PS-60AL # A AL (R = i FARAA),
JXFSTPRP-24 5] HL( LG4 E R AR AR ),
LGJ-10C & ¥ T #2 B (7 B0 48 B BHUORHE & e A R
NI

AR B8 ( E i 22 5o R AR AR A IR A
A VBRI By L RERE (2 5 Bl R A IR A A
2% 7,1 (naphthaleneacetic acid, NAA, |7 % 7= 4
YR A R 52, 4- T E R L (2, 4-dichlo-
rophenoxyacetic acid,2,4-D, bt i R K ERH A
FR 2y &) ) ; 6-7F & Kt I 1% (6-benzylaminopurine , 6-
BA, B RAEWHEARARAF ) ; KE o R 7 5
(Murashige and Skoog medium , MSM , 7 & i 1# 4=
YR A R F) s oK Gl (A b 2, To 8 i W%
TAHRAR) HEE NG FINE. LR (B4,
B R R R A BR S | ) B R #h 22 o
# (phosphate buffered saline, PBS, 1X, pH=7.4,
WFE L e 2 A PR A A .

N AR BC TR A B BOR T T A 0 R
B, PR RS TAEM BN 15 -3-2-2,2-D,
fi% (indole-3-acetic-2, 2-D, acid, 2.4 pmol/L) . % i@
-D,,(decanoic acid-D,,,0.16 umol/L) . H & IH iz -D,
(glycocholic acid-D,,0.09 wmol/L) .48 2 — H iz —
5t T Mg -D, (diisobutyl phthalate-3, 4, 5, 6-D,, 3.5
pmol/L) . [*H,] - & & Kk & (trans-zeatin-D,, 0.5
pmol/L) )W 7 1 1 B A W B A R A | B iR
Jo 2k B 24 2k 100 pg/mLe

A1 1 4 % 5 85 37 2 (callus induction me-

dium, CI) : MSM+6-BA 1.18 mg/L+NAA 1.44 mg/L+
2,4-D 1.44 mg/L; M\ ZF 355 J 85 5% 5L (adventitious
shoot induction medium, SI) : MSM+6-BA 1 mg/L+
NAA 0.05 mg/L+150 mL/L #f # (coconut milk,
CM).

BF AR 5 f7 R H RR T 2024 4F SR [ TR b
DX, 22 s Ko AT T R A S 6 2 B AH R Ui
S R AN = A
1.2 BRABEBREFRERET
1.21 EHARHEEGALMALEEF R

F 75% JCoK & TR 9 3T 62 AR 0 1) S PR H

FfF 30 s, TERR K WPk 3 WK, 1% WS8R #h 12 i
8 min. B, HITCH /K vl ik 3 K, 4K 30 s, T UE
YR T 3R T K 3 J5 HE R B R R vk R 30 g/L
) MS [ AR 323 1, 8 T 25 CHEIE4 = 8
F% OGHREE N 2500 1x DG BEFE] N 14 h/d,

DL bR W % TG B S AN, R i D A
BB A ZEYIZ) 1 em K 3R R CT AT ST, CI
Bt 77 2 2% 150 i 2 2 e A 45 3, ST B Y 2 2% 5 iR
SEVRIR BRI A g R . B EEFR 4 A4S 4b
FER . B e PR B R T 25 O, AL L U 15 5%
R R SR 10 K AR O IR % O IGR EE 2 500
Ix DGR 14 h/d,

BOAESH @G HS MmN EBG TIER
FOHKSEME TR & TRELZRERET
TRV HJR 1 4 B 4%, FH G B 1% ik ) 0 AN T
WAL L 1 em K/ANE /NS K A A B D) Ry
2y 1 em KM ZFZEB . A HERI B 28 121 TR E
K 20 min Ji7 B9 CI A1 ST 8535 3 b 5 9% |, 45 f5 b
4 B Vs 4 A 2EZE B, 36 LR EE A ACIE
AR ENRE TR IR N 25 T, 6B 2500 Ik,
JEIESF 14 h/d,

1.2.2 TIBS ¥ % L4y i H &

W TR 21 R EiR @l e e TAER
K A T A O B B4 121 CRE K
20 min J5 EBIR MR FRIL N, T LR A 4
AL 2L e T AE B W% 3 K, BN e s
P # A TIBS W, 13 8 8] Bz B[R] 24 5 min/6 h.

WG FE 21 R B AE  EBE T/ES L
MR WU B T R KW TR%
HJE 04 B 40 b, FH K3 TR 1 ik ) 0 R AR TR A
WIS 1 em KO 2258 M 3 24 121 T/
JE KB 20 min 5 TEBIR A RE IR 30, 1 L B3R Sk
e 60 A7 2F 25 B FE B TAE G ISR 3 K, 1
INTCV5 e 5 % A TIBS N, 35 8 1] B2 e i [a] 2R 5
min/8 h,

1.3 Bh/REEMNMEME F

Pk 5 % 40 R KB R A0 5 5 - H s 4l
ZUAE W RN, TG R e R g Sk B
HOE B ARG IR T 40 3 2 50 mL B0 A 0
IREWAE 4 CFLL300g &0 10 min, AT B 40 41
AN MLE R o WO B WP RIS AE 4 T U
5000 g #5.0> 10 min, LL#E— 22 LBRAAEE B K ix
BRI b W B B 0 B A, IR AE 4 C
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TR L 10000 g B0 30 min DL &2 R, &G,
K TR)— B S Y b T VRO R B A S A,
1E 4 CTFLL 100000 g B.0> 70 min, B FiERE,
A 1 mL 1xPBS ¢ vh ik , JH 7% W % 34 &) 52 B A0 i
i BT WS A E-80 CREIAAE .
1.4 SR /REEIMMMER R
141 FHEENZSBERE

AN AR B 10 L, W HORE & 10 L 3 T
Bl ) EDLTE 1 min, JEATIE KRR . WS IR BN 10
L %00 T4 B ETEE 1 min, JEARR IR . IR
TR Bl o FEE BTG 100 KV .5 55 T AT
FE, o A 0 A%
1.4.2 47 K3 R 4 A7 B0 T 4 b R ok B An b 42

W5 B A 20 1 SR IR A ] 1XPBS 2% P i i
MRS HEATARAE o BT 44 0K UK GE B8 4 BT
Fo AR XA WA A (0 R0 AR B v FE SEAT A . BT AT I
I e fE iR 24 C .pH {5 7.0 . FL 5% 15000.00 wS/cm
[ 22 ¥ RS T kAT
1.5 RERN

b R[] A WA R TR W I 250 LK i TiE
1R2) 30 s, A ER, it A2 AL TR 2] 0 (35 Hz, 4
min), T2 3 K, 5 AR AP B RE 15 min; B
50 wL 2J W T BCA & (1 & ; BURI 4 51 Kl
200 pL, A 800 wL —40 CHIA i H2 B (FH B : &
JE=1: TURFR L) ), $2 BORK & R 067 R AR i AR , 8 e
JR%A) 30 s, #7410 min(JK/KI) ,—40 CHEE 1 h; #E
i T4 C .12 000 r/min, & .0 15 min, _E 3 900
pL T 2.0 mL EP 48, EWK, g T, #& He 4 in A 52 i Wi
(HBE: OB Kk=2:2: TR BLEL ) ) L FE S T 4 C
12 000 r/min, &> 15 min; J_ L7 100 L T 2 £
7Nyiiin

o 48 FREURE AR 25 mg, it A 1 000 pL
-40 CHIR MR BUR (HBE: O F Kk =2:2: 1(f&
b)), 32 O & R R AR ic AR s In AR, A A
WAL A3 (35 Hz, 4 min) , GG R B kK i B A5 5
min, WA EEE 3K ;-40 CHE 1 h;HEH T 4C.
12 000 r/min, & 0> 15 min; B 3% 100 pL T 3 £
/NI
1.6 HEH
1.6.1 &% &1+

{6,345 . Phenomenex Kinetex C18 {41 (50
mmx2.1 mm, 2.6 pm) ; #f : 25 T sh A : (A)
0.01% LIR/KIEW , (B) SN : =1 1UEFLL)

i 0.3 mL/min; B 5 E R EE 4 T B REVE AR
J¥ :0~1 min, 95%B; 1~14 min, 95%B~65%B; 14~16
min, 65%B~40%B; 16~18 min, 40%B; 18~18.1 min,
40%B~95%B;18.1~23 min,95%B . #F:H 2 pL.
1.6.2  Ji kA&

B TR g5 B (ESD I, IE f B 7 1 bt
= H I B m/z 60~1 2005 85 SR S R 413.69
kPa, % B S JE J1 4 413.69 kPa, S 75 KB 1 N
206.84 kPa, % fL i £ 320 C; R4 ik 5 B K
M M % ££ (information-dependent acquisition,
IDA) S B 5 RARW(A] - 50 ms, Wi %5 1 1T ¢ IR AR X
3.8 kV, i 2 - 3.4 kV, fill # B : 40 eV, /> HF K
15000,

1.6.3 &&=

Shy M W ASC A R E M I A IE A3 B 2 B P AR S
R, i 4518 G 9T A B AR AR 19 T 45 (quality con-
trol, QC)FEA . TEREATF St & 10 D Frill HEA S
HA—D QC A, FFHIIFIRI, Se i Ze ik ke 5 IR
QC FEAR LIV R 45 .

1.6.4 #4571 4L 38 A 3% &

* H Xcalibur ( fii 7K : 4.4, Thermo ) 14 32 HL
UPLC-MS/MS Jit i i 0 A B I 8] | S5 Ay L i
56 J5E A5, A H AR 1 1% )% (http . //www.hmdb.ca/)
S E AR A S5 AL DT TC RE CRRRLRE ) % AR (1% 22
ANTIX107) o B R B T 80% KW >R X5 Bk i 2k
B, BOOR B 2= 0 — AR P AR R AE 80% LA iy 2%
i, P HEAT A5 B RS CRURR JE B vh B/ ME R — 2
TRh S AR ) o ) H PN AR R JBT 33 W 114 o 137 548 85 1 AT
54k, I BR QC £ B AH X b e fi 22 (RSD)>30% F
i BUHE HEAT DL 10 IS 0 X Rl Ak Ak B A5 3 0 £
I8 6 B ] T 5 253 B
1.6.5 2= 7 R ¥ 4 K R ¥ E B o A7

JE f B HE 42 ProteoWizard #4 # i mzXML
G AT SR A R S ERS M R AT
B Y 35 % 43 43 B 2 (principal componebt analy-
sis, PCA) . IF 3¢ 1 fix /> — 3¢ ¥ (orthogonal partial
least squares discrimination analysis, OPLS-DA,
BRI RECH 200) . Student’s ¢ K 56 122 S5 5L
I3t 25 AR A EE PR R T OPLS-DA #5415 5|
A4 7% 1 Y 7 {E (variable importance in projection,
VIP) il Student’s ¢ £ % p {H K i€ , VIP>1.0.p <
0.05, 5 H A L (E (FC) >2 5(<0.5 Rl oh 22 5 AR
WY aE R 5 SRR 40 | R4 45 (Kyoto En-
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cyclopedia of Genes and Genomes, KEGG) 54z J&
(https://www.kegg.jp/kegg/pathway.html) i 17 2=
S A P i AR 8 B 1 R, Python 3K A2 Scipy.
stats i#F 173 & 4R 4 BT o
1.7 BHRREBELEKERINE

YT & 1% 3% R TIBS o i 4 2 2020 B
S KO BRI SRS A 6 L A
BB FR R AR RO bR v LT RIEE O id SR
ENTEUE N H R AR

2 HR5iTE

21 LBH/ARHEARGZRMNET

DL 55 R R T BOR B AR AT 1Y 40 2K B A
R AT A MR ZEES (B D, fERGE S
Brge By 2 10 R R IR 11 KOG IS 37 vl 3145
B FA 3, B PR R A A UL S B IR B
o, b 0% o B A KOR S R A A AL 8L A
TIBS |5 3%, 55 9% 40 K, W98 2505 13.12, 2405
R 121 f% . 4 28 25 B 2 I pg A 28 43 o AE ]
T F1 TIBS o 85 3%, 4 8 (09 7 3 8k & 4 Bl R
(4.65+0.94) cm F1(16.79+2.60) cm, [& i} 15 35 it
FErh WSS E A TIBS 35 35 A1 405 4 40 F0 M\ A= 28 7]
FER A Ik & A i IE) o 2 BE LRGSR AT, A0 4L 2L RN
A ZE O BIAE 21~23 K HI 26~28 KT IR # 4k, i 1
TIBS 15 5% i Al L) #iE 4 5] 38~40 K Al 58~60 K A4 &
Ak

Xof b oA [ A R ) IR T8 S A T B PR R T
B) 5 R 255 Bk AT ge it e A (181 2) o 7€ TIBS
B % 00 DR ZF vk s AT B BE R (16.79+2.60) cm il

7d, dark Nodal segment
Seed germination

2 d, dark
Callus induction

5d, light .
Adventitious shoot  Adventitious shoot 0 .df light
: . X Adventitious shoot
induction formation .
bioreactor

’ ¢ YA

Callus formation Callus proliferation

21 d, light

(1.93+0.61) cm, M4 T EAR T 43 B4 & T 260%
F 141%(p<0.05) o WX P ARG 52 7 =0 4350 b
KR 314 A ) g = B ORI R 57 F 257
BOFEI R 2.88 4) . XM 25 R 24T A AR
BT TIBS 25 [0 5E R B /N A5 W) 77 HE 1) &0 56 SR
B oA AN R I BT S M AR 5 b A A 2
BB BRAR A ET o DR, 2H B R b A 25 RO
TR AR . TIBS RGa5 AR, HA T4
SR I QT W S 7 = I T = TR N
F% . HBEE WL, A TIBS fa] 8 5 55 55 & 400 2
e 5 PR H R bR R T ) PR ARG O R AR A
R A2 VR, AT Sk R ARE B[] 4R B R H
4 35 4 PR AL P RE
22 BRARHEMNMEORIESH

X TIBS il # 3545 19 5 LR H 347 E 50 hE
1240 A Zeta B A A ORIk FE R AE 8. A 3a
WLEE AT A5 TIBS il £ (1 2 $ir /R H B WA R A 33 55
e T AN L 25 o ) 5L TR A 2R S0 N B i B S
¥ — IR R AUZ S5 F 1 W . NTA 255 7R : TIBS il
F B RLIR H A R A T 4 A AE 50 ~ 90 nm (]
3b), FALRLAE N 56 nm, Fx KARLAE N 200 nm, 7 &
a0 AR A AR AR R AE , DOO/D 10 1.4, 453K T 1,
S TIBS i £ 19 2 IR H 5 A0 s 4 R i 3 34
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Fig.1 (a—f) Cultivation flowchart for G. uralensis callus and (a, b, g—i) adventitious shoot

All cultures were maintained at a constant temperature of 25 C. The term “dark” is used to denote continuous darkness, whilst “light”

refers to a light intensity of 2500 Ix, with 14 h of light per day.
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Fig.2 Plant height, internode length and the number of
stem nodes of G. uralensis in two conditions (n=6)
TIBS: temporary immersion bioreactor system; * p<0.05, with
solid-medium culture serving as control.
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Fig.3 (a) TEM image, (b) particle size distribution and (c) zeta potential of exosomes
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CALLUS: the callus of G. uralensis; EVS: the exosomes of G.
uralensis.
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Fig.7 Diagrams of (a) KEGG enrichment pathways and (b) classification pie chart for the dominant metabolites in exo-

somes

KEGG : Kyoto Encyclopedia of Genes and Genomes; TCA: tricarboxylic acid cycle; ABC: ATP-binding cassette.

N S TR AR B X N g S A S
A BRAE R IE MY, LG R T A R R
B AT (HMG) H R B A CH R R 7321y
S o R AT SR I S Y T (16 Fh) iR A 4 Bl
25 1 PR SRR 2 (1 RS R 2 1 FIR R K AT AR
W, FTLLE W6 o T R AR A 48]
(DL 8 RN 1) NS Bz 1, 15 Jhy i 7K P 2 25 4k
G, FAR R R 10k P = AR S WA T AL B
A log, FC Hik 8 T -8.43, £ XKW Ik £ 5
SE AT 20 I P R AR G s U v kA R e A b
e BB A LR PR S5 2R IR, ik
PEORILAE AT LU R MUK N i 2 00 B i 5 88 0T
AL o X 8 R G0 0 A Y S BRI A AR
HMG 58 1 25/ AL A S, OF oK S
T M 3 WS O R T AT BRI 2 4 HMG
W HABR PR E W R, T RAE R —F
NG F A LR HLAE SR AR i B 3 4 (p<0.05,

log,FC=1.29) W] K #i T ABC §% iz (& 5 1Y F 3
AL, $2 7R A s A 38 3k BE M 4y WA % 43 T T
R WA B PR TG E L pH S . HHREE
AT R AR B R SR R R AE M TR
PRI A3 F b H R R R A EOER A e B T
A3 3k 22 B AL xRS TR A 98 AN B B e e AR A .
BT bR W A A 2 T, R R
PR A1 K AIF 98 E B EL A It & B Ek Ll 2 R B
G2 AEYTEM . 7RI LA MR EREH R
TR T HE KRR E 2 KRR
AR B ZAEAMMR T A E 2R R T HL
SAALAN AR B R BT NI T R MR B i
W B ARG E 2R E . KR LT
F IR N 25 FUAL S A )2 B A R AR, T
TR K VR AR 25 X R T A Akt
T8 B FH L A0 WA R 1 R R Bk 0 B /N 4, B g
BR — T R B LR O X



© 944 - @ i 5 44 %
R1 BHRHERGARASMNMEERZEHEERS
Table 1 Major effective active components in G. uralensis callus and exosomes
Metabolite m/z to/s Chemical formula ~ VIP  p-Value log,FC M,
Hesperidin (K f 1) 611.196  180.900 C,H,,0,, 1.165  0.023  -8.429  610.562
Licochalcone A (11 %2 H-fii] A) 337.144  246.400 C,H,0, 0.142  0.196  -5.787  314.385
Liquiritigenin (1% 3) 255.066  215.000 C,H,,0, 1175 0.029  -4.033  244.252
Cochinchinenin A (&M Jg 1l % A) 285.113  222.600 C,H,0, 1.174  0.000  -8.570  286.322
Hesperetin 7-O-glucoside (18 Ji 3 17 % K511 ) 463.124  205.700 C,,H,,0, 1179 0.004  -4.386  464.409
Phloretin (R fZ35) 257.080  196.000 CH,,0, 1152 0.023 0.873  274.268
Eriodictyol (%) 269.046  217.100 CH,,0, 1.184  0.013  -5.710  288.257
Apiin (J73¢7) 545.130  196.300 C,H,0, 1.186  0.001  -5.560  388.367
Ononin (F=HEFET) 431133 192.000 C,,H,,0, 1.185  0.003  -7.073  430.404
Licoflavone C (H ##{ 1 C) 339.122  248.000 C,H,,0,4 1.033  0.045  -7.106  338.353
Pinobanksin (f& M4 %) 271.061  235.900 C,;H,,0, 1.185 0014  -7.026  272.251
Maackiain (% i #L 2% ) 285.075  224.300 C,H,,0, 1.104  0.001  -3.354  284.264
Neohesperidoside (7 # J 1F) 611.196  180.900 C,H,,0,; 1.165  0.023  -8.429  302.279
Hesperetin (# 12 %) 301.072  231.900 C,.H,,0, 1179 0.022  -4.829  286.236
Kaempferol (ILIZ5 ) 285.041  187.100 C,H,,0, 1.149  0.005  -2.759  204.222
Senkyunolide C (#1125 i C) 203.071  234.400 C,H,,0, 1.058  0.002 1.931  188.221
Azelaic acid (T ZR) 187.097  196.400 C,H, 0, 1.174  0.001 1297 138.121
Salicylic acid (/K ## ) 137.024  175.200 C,H,0, 1.048  0.007  -1.723  943.123
Soyasaponin I (KEEH 1) 941.511  249.000 C,H, 0 1.185  0.002  -4.385  302.451
Continentalic acid (& AR ) 301.217  307.100 C,H,,0, 1.173  0.015  -4.347  470.684
18a-Glycyrrhetinic acid (H 5K ER) 471344  241.700 C,H,0, 1.102  0.009  -0.684  350.449
Andrographolide (7.0 YE P i8) 351.213  203.000 C,0H,,0,4 1.180  0.007 4.767  610.562
VIP: variable importance in projection.
1.57
Senkyunolide C
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Fig. 8 Heatmap of differential metabolites
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