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Abstract: Litchi thaumatin-like protein (LcTLP) has been identified as a predominant contributor to “Shanghuo”. This study aimed to
investigate the in vitro digestion and absorption characteristics of LcTLP and its regulatory effects on the intestinal barrier. By establishing a
Caco-2 monolayer cell model, a RAW264.7 macrophage inflammation model, and a pseudo-germ-free mouse model, the transmembrane
transport capacity and immune-activating effects of LcTLP were systematically analyzed, the regulatory effects of intestinal microbiota on
LcTLP-induced intestinal morphological and metabolic alterations were also elucidated. The results indicated that in vitro digested LcTLP was
absorbed at a rate of 24.53% in the Caco-2 model and was capable of penetrating the intestinal epithelial barrier effectively. Its absorbed
products (50~200 ng mL™) were found to directly induce NO release from macrophages, with secretion levels elevated to 9.19~12.39 pmol-L™*
(1.80~2.43-fold of the control), indicating retained pro-inflammatory activity. Further, the pseudo-germ-free mouse model was used to observe
the intestinal phenotype and metabolic response after LcTLP intervention under the background of microbiota depletion. The results showed that
LcTLP treatment could induce an increase in fecal pH value and a decrease in the level of short-chain fatty acids (SCFAs), suggesting that
LcTLP may affect the metabolic homeostasis of colonic microecology. In conclusion, LcTLP may jointly participate in the body's stress
response through trans-barrier immune activation and intestinal microenvironment perturbation.
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# 8¢ (Litchi chinensis Sonn.) {F A& g X AR EARGR I AIRF ORI AR, ERHMURR IR XU 5 = 3 I AR 40
AT 2 kM, SR, B SRR R DA WGEWEIRE & 4 B M R RE RS I AR, X — SR
X VEN 2 SN WL EAEA Y s T A= R A ST = STE RGPS 5 R

RA T 8 e 22 VP S S5 AR UE S, ARSI ER I (Litchi Thaumatin-Like Protein, LCTLP) 25K AL
PR IAEGLIR S B I O SR, o — R R R PR R R (A, LCTLP B S & BBV R, XF:
FRIGN TS5 IR T T HA S (AR R 1 B0 A Al R (RS2 ™, SRR AL R LeTLP 1ERiistn
RSB T BRI BEE e R AL, TR N OIS M R R . B, RTREEAER
WS FINLEI A 2 SR T i e - R, RO £ 4 ol i B YR AR S 450 U BENR TR (Short-Chain
Fatty Acids, SCFAS) Rt #/Kk i S1m B8k g0l s, SR, ok Wt Fis, 3 B mE s
EVERIRE R B A L B, R B @ R 5 R R E NN % (5 S 0ETE F Z REMIE 1), &Xp
AR () SRR 2k B TR S2 e 5300 G2 I e AT 6 o i 2 07100, DR A iS¢
Jt3 (Fluorescein Isothiocyanate, FITC) ZOUHMEES SR RMUREIAR, RGUBER T LCTLP HARE ARSI /4
i, RTINS L BRI AR 755 4 it (L LA S Pl B AR T A T T e S e i
FHRERS, B SE,

FETERAGHFRAERI, LTLP a4 &A 16 Bk EIE R 8 /> mitd, i HBA R
MR Bl IR RIS, AR IS T B MR 321, X AR>S, BT HR LCTLP mrfE
B RARL, HZEOEN PSS TEINEHEYR, HAERN IR AR, ol Rk
J b R E R Tra £ 240, H AT MEh = EHAEIRE, DI 20 E T HEHR A S, 2
W& TR B R R A I AR S SR M A NTEIS R G5 ) RGP A

STk, AT Caco-2 4L AR, FEB a4 B BRI REAE , REVHE LeTLP KHIHEAL™
VIS IR SCRFAE s[RI, S ST IR T AR R B E T B A FE /N BRUSEAY, WSE LeTLP 7EEREFEMA 15 5¢ MY
g Bk, 15 R IERBT= Y5, AT LCTLP ELHRUE -5 R il 5728 2 (Rl ok &2 P2 it
S .

1 MR5RE

L1 A5

ASWETS R A, BRI R ERR L. NREVRAIR RAW264.7, \45HIREAINL Caco-2, i ERlP
MR DMEM ¥idRdk. HaE . MRESE R, T8 CH/RH C(PED AIRAR; fa4-iiiE, Gibco; BCA &
HERRAE . AitE&-8 (cell counting kit-8, CCK-8), ilFZan RAMIIAA AT NO MERA &,
AR A RAF . HARRFI o at.

12 &5 %4

SpectraMax i3x ! & Ly fgflE 1%, BLHbA] Molecular Devices 24 ] ; IVIS Lumina N BLE AR5 % 4:, PerkinElmer;
Nikon Eclipse E100 R8I E 76 s, HAJERE; ZEISS Axio Imager D2 #YIF By B, EE %,
BPN-150CW U474, Eilg—fERFAEAIR AR SW-CI-1D TLEHEAES, TR bR A IR AH .

13 7

131 #H#EMEE (LCTLP) HAAAMRKAE (FITC) BILHHEHEE (F-LCTLP) 4944
1311 LcTLP Hy4rEaiifth

LCTLP 4 B4t SR 51, Ik 2 51T, A 3G EE (mim) KW IRFEIRHESS), 155
I IR- 208 (L1 VD SR ERBEE:: KZite FIEWHES, N 20 4% 0.01 mol L™ BERRAFZEM (&
0.15mol L™ NaCl, pH 1 7.4), 7E4 CE%IRA 1 h, IEEL (4°C, 10000 rmin?, 10 min), 733 HiGHGE
B (B 75 14 kDa), HEAHRTEE SRZHHHEN; Ko E ARHIm 20 mg mU™ 090, AR
FIFE AR R (20%, 40%, 60%, 80%) IZZRITTIE, KA 60%A1 80%IKTTIE B4, W T-755 LcTLP, JFR-1FEAE-20 C.
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1.31.2 F-LcTLP Hfhil 4

4l Shah LM 7= ST HOERARIC LCTLP fITTIEIR R, M. FREX 200 mg LeTLP #f#7E pH 18 8.5
(1) NaHCO, 747K, MiE 3 mg mLV; FREX 67 mg FITC W#{E NaHCO; AWk (pH {8 8.5), B 5 mgmL™
VW 17 LCTLP A F 228N FITC W, 4 C NBEHEPE 24 ho [ME5HE, 3500 rmin™ &0 10 min, 3%
VUEEE B, AKENT, WREEENTRCRFEE (3000 Da) 5000 rmin™ 5.0 10 min, $EFMHFEAR I —2%K
2 I, EEBOEE, BE L FITC A7E. %1 LR85 FITC B LcTLP, 4~ F-LcTLP, BT
TG PG LRAT -
1.32 AEPLF A HAL

F1 0.1 mol L™ f) HCI 0 1) T Bk 22y 5% LeTLP 25 VAR, DA 1:100 I ELBIM B & AR (BEE: & H
#), 37 CHEE 120 min, FEJ5H 1 mol L Mg Eh g 22 % pH 18 8.0, LA 1:100 FELBIIM iR (il (il
HREE), 37 CHEE 120 min, AL 1 mol L™ ) NaOH VAR5 2 pH 1 7.0 &1/ B, 300 Da HIEHTAS
BT, AR THEEE] LCTLP ALY, 48 X-LcTLP, 7F 4 C&M4 F A&,
1.3.3 mfeEA BRI Tr ik
1.3.3.1 Caco-2 4Hffudss

MM FRRI 7127 Hu 21, 24 Caco-2 4/ E K2 80%~90%Fh 41, FH 0.259% 52K [ FRI 1L 4~5 min, #%
8 1:3 LU TAEAX,  4HPRAAREE 30~40 [l TR SEgs . SR CCK-8 17 &l E X-LcTLP %} Caco-2
AR PE RO, AR A AL 200 uL, BFREA 510° A Lt AT 96 FLIR,  HEAERSSRAATIE 24 h. RBIRES
FRHESF 4 BV IN HBSS #éfr 250, 500, 1000. 2000 ng mL™ W X-LcTLP, %5 2 h. HR#% CCK-8 iRk & it
A TV PR 2
1.3.3.2 Caco-2 ¥ JZ4H Ay

R MUY ST 1) 7715 Mortensen 2518, SERSVEISIN. Caco-2 4N AL J5 #1145 25 A 210° A~ mL ™ (4
MR, R3] 12 FL Transwell #i b, BRI Transwell 537 /N25 ()51 (apical side, AP) AL 0.5 mL 4l 2%,
A EONEEFL 1<40° 4, [ (Basolateral side, BL) A 1.5 mL 58435953, #357T 5% CO,, 37 °C, X
HJE 90%f1) CO, ¥iF#fh, HZEL 21 K.
1.3.3.3 Caco-2 ZHfffLinibiz

WaH59% 21 KG9 Caco-2 SIS FH TRAT) HBSS Stk 3 i, 25 3 i NRE 7248 HH-F-4 30 min, DAFRZ:
AR b R4 5 . W25 HBSS 2203, 4] AP Ml 0.5 mL <& 4 1 000 ng mL™ (¥ X-LcTLP, 5] BL U 1.5 mL
W HBSS L2, T 37 'C, 5% CO, 26 F FHEFE 2 h, 207l AP AT BL MUIFEf, 732 X-LeTLP [ il
P, 4N S-LCTLP, 7E 4 CHAMF R RH . HisstibsiiiG, /7 aliE AP IIF1 BL MIFES, SR BCA &
12 BV B R R X-LeTLP A OCEE VR,  FELIARIIAEE Transwell & RE N2 A1 S THIBR . X-LCTLP [
MR A2 AR A 25

C
A=""%100% (1
0
KF:
A——FER, %;
Co—4%i5 2h /& BLMAESF X-LcTLP A8 X B @ RE, ngmL™;

Co——AP MAns4525 K, 1000 ng mL™.
1.33.4 EVEYNAR I FERAY

/INB, RAW264.7 EREARIISEFH DMEM 52455373 (8 10% (V) 4 i < 100 U mL™ 35851 100 pg-mL™?
WEREERE ) T 37 'C. 5% CO, MIRF IR hR 7R, BOME A KA T-5256 . KA CCK-8 il &l S-LcTLP
STAMIE R RE o ZHE AEFL 200 wL, B5FEN 510° A mU™ BER T 96 Lk, JFAEREFAETTINE 24 h. BB
B RS A MR N2y S-LeTLP (50, 100, 200 ng mL™) [iE:3E, WEE 24 ho LA 1000 ng mL™ LPS 1E g FH T
HRZH, R4 CCK-8 3 A NO SRFAIEL 1 A 5 7 A TE P J S A &
1.34 s FE%Tr ik
1341 /NHHLY % Gt L ER
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TSR HENE BALBIC /N E T 18~24 “C, HIXHEE A S0% MRS T id ML TR — & o /N A% I 100 mg kg™

FIEHEH F-LCTLP, 2h JGALSE (n=3). M8 Li M o7 NaHSR TR, RifEE. %0tk 5 om + 3.

i B, Bt seREASTI A BT IOK OB BIK 3%, BHK 5 min, ZJaE T HZEFRH 5 min &Y,

EHIOCHE RGN AR R BEAT B . 7E 100 35550 15 B 99Ot BN W 824 2 38741 .

1.34.2 PHTCH/INRBLAL )T

PHTCHE /N BB AL 2 57 29 Olson 5L SRk BALB/C /NUE T 18~24 °C, AHXHTEE Ay 5006 HIFF 45
TENEMETE R, B NRBEHL R 3 4, 20BN con 4. LeTLP 4R ABX+LCTLP 24, 4F4H 10 R/hi. Hr,
con 4 B &K, LeTLP 4% 100 mg kg™ LcTLP, ABX+LCTLP AfEHiER (WUBEiA R & Emik. o
. WM, AR A, FEEESHEN LCTLP. NG IEH /MR (Specific Pathogen Free, SPF) i
T, 4B 12h Fl TSR (50 mg kg™ HEZE (100 mg kg™ AFFREME (100 mg kg™ ORGSR /INRIEE 1
W, WEBEA 10 mLkg™: HERFK P IIANEETIRR (1 mgmL™Y) . SEIRHEHC R DR TR . RaREERS
B, SEBREEHE, MBI . TCRISRAT T RES N AV T ERENRIER (SCFAS) JI5E .

1.343 EHWHNEYINR) SCFAs /KL EEE pH A K& 2 1NE

FREGA T a3 ERE S, IMNAER, SRR S, FIFSAHGE-FIEERH Y (GC-FID) & FHkE i
iR (ZFR. IR TR MEE.

S A AT : WAX, BERETTIRE : 100 °C, R 2t EL 3:1, FHEAER: 30 ‘CZERF 2 min; LA 5 °C min™
(RS EE T4 120 °C, 4EFF 2 min; L 20 °C min™ 3 TFZ 230 °C, 4E4F 3 min; Kl#%: MS, BT 200 C,
BeOEE: 250 °C, #EFEE: 1.

R0 1:10 (M) ILLBIRRERS, I pH THIE pH (B, WS/ BTSS0S B h 72
e, HIMERENIRAFE-80 CN, &M H/RIZFHEREMET 105 CHART, R TEaEE, 3T
JERIEER R AR (D HEREKS SR, Hd FW NGRS ES, DW N TEERER N ER.

w = =P 1009 2

W

B

W——EAE KN EF, %

Fi— RN EE, g
Dy—FEHmEE, .

14 ARSI

B Bk H IBM SPSS Statistics Version 20.0 #Hf7A4bEE, Origin 2021 1EKE, % L1 Rl %
(meanSD) Fir. KK R TT ZTIHATS 04T, FHEH Tukey’s F/aka 30k e S5 2 [ % 7, P<0.05
PN EA Gt 3

2 #HR5S

2.1 Caco-2 4 # Ay 7 51 5374

KH#s F Rz B (Transepithelial Electrical Resistance, TEER). ¢t #iRMISiE R % (Apparent Permeability
Coefficient, Papp) MRl (Alkaline Phosphatase, AKP) %A =ANEFE X} Caco-2 U HEAT 45500 F
N, & 1a B, Caco-2 4HfI7E Transwell /NEskEF% 21d J5, J: TEER fHFAETE 1030449 Q-em? LA b, B3
T 800 Q-cm” [RIBUBEARAE, R IIANIMLEZIECEA MO E R SRS . R OB AT
BAE (B 1b), 455 BoR7E 0~120 min P4, H: Papp fi4b T 0.3240.01~0.3840.01<10° cm s™ 2 A, {FBiZAAL g
WBRTFAER I, Hag RIFRGEFRE IV

BEAh, SEEHI R BMR GRS AKP I AL ARAE AR, 0k 1 R, 15955 21 d I, AKP
RO R HAE R, e AP MG A BL MK 8.45 £, X —45R% M AKP T R T-4uumI R,
UEIgE O e e i DhRetktt, JF RSB R Bk SRS, v T SR .
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Fig.1 Assessment of the integrity of the Caco-2 monolayer model
(a) Caco-2 mjin ¥ BALR s [l (TEER) ; (b) SAZAMSE Z 4L (Papp) .
THR.

e A¥a b oc. dREABFHEF
(P<0.05) .
R 1 TEHETTEE) T 2 R AR A 1 B BREEE AL

Table 1 Changes in alkaline phosphatase activity on both sides of a monolayer membrane at different incubation times

B AR AR AP MEEE Hie K EAE  BLMEEE A/ KA1 AP MIBEE/BL M
7 0.86940.017 0.17140.011 5.08°
14 1.10126.021 0.1980.005 5.56"
21 1.53020.013 0.18140.010 8.45°

E: RAPRAIERTRGNEFEa b cREAREMER (P<0.05) ; AKP: ZRILBBARE,

2.2 Caco-2 Zmpext AL K #E AE A (X-LcTLP) 8wy 1 o,

K 2 J& X-LcTLP %} Caco-2 ZHiF I IS4 . 7E 250~1 000 ng mL ™" IETEE N, X-LcTLP 4b¥ 51 Caco-2
YHAAFIE R I RFFE 95%LL |, S A4 EREEEZR (P>0.05), FIZIKEE XX/ - AR TE I &
MR EE . SRR TEE 2000 ng mL™ i, AHARIE IS B S E ] (TG 2<T5%). [Ft, AHF T
PRI AR 1000 ng mL™ 11 4 J5 S IS SeIb I A 250K

X-LcTLP £ Caco-2 4 Ui 5546 f5 Fris ISR 45 5k 2 i #Ei&id
N 24.53%41.45%, $EonH AR IBEE N . KRS & B RSO bR,
SR, X X-LeTLP HL % %835 /Mg B itk \NJE3F R LI AT B o

2 h ¥53:)5, X-LcTLP [k
WS 2006B0 A FLE N 5

W ~1 =} ™~
e h S w

Caco-2 HMIMAEIGZE (%)
The viability of Caco-2 (%)
3

]

250 500 1000 2000

IR EE (ng -mL™Y)
Mass concentration (ng'mL™)

2 REBRE X-LcTLP %t Caco—2 ZHBEE FIHE2N
Fig.2 The effect of different concentrations of protein digestives on the viability of Caco-2
%% 2 Caco—2 X} X-LcTLP BUMRUAER
Table 2 Absorption rate of LcTLP hydrolysate in Caco-2 cells

# oo AP 1] BL 1]

FOMCE %

LCTLP #1t4h 0.7240.09 0.2540.02

2453445
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23 X-LCTLP s sl 4 (S-LCTLP) xf B i 4l 9% i 45

a _ b .
= 125
< a =~ 204
7 a . a a i 0 20
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2T ok 2
== _E._* 50 4 5 84
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il Zy :
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jam
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3 S-LcTLP BRI =45t B Mk 2R 170 NO 7K S S20E
Fig.3 The effect of LcTLP absorption products on the viability of macrophages and the level of NO

JBL CCK-8 I PP T S-LCTLP i RAW264.7 ERAR I PESE I . 1P 3a Bz, 1E 50~200 ng mL ™ #eEEE
W, AEIRAAE R IOREFAE 95% A b, 52 FAHA G W 2, RUIZIRISG™ e 7R BT FE o B2 i
TREHFEEM. M, HXREREY—E % (NO) HriBA RENESIEA (B 3b). 4RER,
1000 ng mL™ LPS f¥] NO 43454 21.3940.01 pmol-L™, 7E 50~200 ng mL™ T, NO Z3- B 1 in 435 &
FEIRTFE 0.1940.31. 11.2640.26 Al 12.39+0.12 pmol-L™, 575 FIZHA 1.80~2.43 . F WL BRI IS =)
S-LeTLP B AR I R3ETE, 215F RAW264.7 A4 SOE M. BRI RN K R PR, LeTLP 28
H iE A Je Caco-2 BEIEISIE RIE NG, IIREE T RBIBUIE AL, 1X 5 HAR I B B 5O 7 T B 45 1)
e B M A,

DAPI F-LcTLP m

k| |+

KE

|RHY

B 4 WHRITCHRAIHED (F-LcTLP) FEBMAYIF PR S
Fig.4 Fluorescence distribution of F-LcTLP in intestinal sections

AT HIBET Caco-2 4UAEEE AN I8 CYIBUESE, LCTLP REME R A5k, HILELIZWIG=MIreE T %
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HIE S IE e it — s DAETER AR A B N IR —WRSCRe I, B SR IG5 (Swiss roll) JRZHZAKEPERIA,
TR R ICERESE T F-LCTLP /M AT (48, el KizE Ty (B4, #EH 2h 51
LEREIR, SEASY A B 2B AFFEER F-LCTLP 2655 . £+ IR B, vobE iy
HEZFE T RELERE RN MAERPTE, WWSREEINTOE SIEARBIIRH A A R R . B,
Li 25585 FITC ARt LCTLP, X/NREHTIRATOGIBE, RIL F-LCTLP 7E3E 5 J5 a5 T/ M, JHE2 h
e TR X IR E IR TGS T o IXFMA N AT AR B B, YA S 1 LeTLP Befg kit B il 1) 56 21,
FRIARIE /Mg b B A= s RS AL, Fe e[l i LSRR PN A0 A T A R X
TR 2R 55 1] Caco-2 A5 28 H UL 5 38 AR i AR 1 AH EL EIIE « F-LeTLP 2RI i ) [l iR P2 i e

X ] e 5 A MRHE & I i A A B 0. 5k, BB e SR A LA IR RS R RE 7 RE 5 b R 2 B
b J5 i B ERSR L AR SR R (E LR B T B B A R e FLA R o R T R B K M S M P B
el ER R . F-LCTLP BRI PH TR BRI, SoRi%E AW B R & CF IR Aps itz 1. 5
s 1A E I8 G e MR R B DX, AT IR R4S S BAT W ARIE PR M i, X AT REVASE SR BOdE N ZE
R G RE AR e MR T 28, PR AN BR SRR, LCTLP 7RSI T RER A S i, Horh— 3800 W] 28
BRI NB AR, 5 R AN, TS5 I s R,

2.5 LCTLP xfth o /b B A K b R i 31357 i % vl

RTHIRFAHEN, LCTLP Ze3H Ak TR bl N b bR R R I — e (e 90t . SR, ARl N Rt
NG5 Wiz iff) LCTLP 54240, FonHE 32 A BRAL AR 1OTE 7R T4 F LA B i 2k B 1 E P R i A 2 2
e AR, ST, ARFFRAR S RS TE (EORTIMR. Bid R, i E RIS A g
AR /N AR, S AE Sl R 2 KT LCTLP 13RIz R AN, (] 5). BRI,
SRR, MHETIEWERE (SPP) /NRIMEBMIGFEMEREN (K 52), GF H I M TIFEIRAE;
EERESHT (B 5b) BEBHE, PUEER (ABX) TR /MR IS(EIE #%h(4.341.53)<10° CFU/mL B #E
(2.3340.58)<10° CFU/mL, BHEEERTIL 94.67%, #E—HAIFW T HTCTE /N RS (1 B D R 22 .

i ERASHTER, LCTLP HE FEUNRAAEINE B E M (LcTLP 4H: 0591044 g, XfHE4A:
1.3140.67 @); 1M ABX ESFMIMASTERA M T ZAEKIBEZNS, ff ABX+LCTLP IGEARLMEKE &
1.7540.86 g, Z4ERIURIEFEECIRES R4S S LTLP AR KRAVAR b, 1M A BT S48 b8 5 T, 3T 10
ALK B T IEH A 3L (50%~70%, & 5d. e), HELMKE (6.3340.98~6.6040.42 cm) K E Wik
R NG5 (P>0.05, K 6a~c). FiR&ERHR, LCTLP HA AL s oiohk ARS8 2 s A2
SRIM, LCTLP MR B 7 Wl pH (EA R w it (fh 7.1720.07 L% 7.2740.06~7.4040.01).

gia FREA S RAEEE, LeTLP IS/ NREMAIRE R AE T — e BERRRSWE, HAERHEE T G F
W LT E A S AN £ B RN B AN, B pH B4 A AR e TEE N, R Tt
BN AR A AR S O ) 2 A RO A T, LETLP ALHE5 348 pH 7, IR 208 . IR S SCFAS
KT R Fe, SRR R B/ AT eI 59 T Hou IR iAa A iR (Y, 55— 0510, LeTLP BARITRIY
TR 2, HRP NIRRT BE NGS5, AT REVE N ER 1R R IR it v st — A B, HRas
RAFKBAIIIT, SN R AR R R (NHs) S S5 2R AL E. (H.S) i Rt
RIS, Bk, LeTLP SR AN SRR 135 R TSR T B A S5 pH (BT e e 45 W iR 8 X AL OB AR IR 22—

a b =~ 50
GF/M K, SPF/) K, ~
E ol BB
Ep
Ef) 304 *kok
UE N
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4 V‘g 4 -
. A {bbdbbb i B
== 2 ;I;
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Eg 0 T T
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c 35 d 85
30 = con = LeTLP + ABX+LcTLP -~ con - LcTLP -+ ABX+LcTLP
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III III - _i 7.0-
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Tnitial weight Final weight Weight change 0 5 10 15
2 I) 4 2 bR A HEFRI ] (d)
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e 80
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