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Abstract: Tylopilus microsporus belongs to the Boletaceae family, and is sourced from Luliang County, Qujing
City, Yunnan Province. The analysis results of the nutritional composition of Tylopilus microsporus shows that Tylopilus
microsporus is rich in nutrients, and the main nutritional components (g/100 g) were: crude protein 29.9, crude polysaccharide
3.68, essential amino acid 11.18, and total amino acids 23.80. The essential amino acids to non-essential amino acids (E/N)
index was 0.89, and the essential amino acids to total amino acids (E/E+N) was 46.97%. The total essential amino acids meet
the FAO/WHO standard mode, with balanced nutritional composition. The EAAI value (essential amino acid index) was
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1.05. Tylopilus microspores was rich in mineral nutrients, mainly including Ca, K, Mg, P, Fe, Cu, Mu and Se, in particular,

the K content was high. A total of 949 metabolites were identified from Tylopilus microsporus, in which 798 metabolites,

including 10 superclasses, matched to the human metabolic database. There were multiple active metabolites with relatively

high contents. Tylopilus microsporus is a wild bolete with high protein content and low sugar content. Its amino acid content

was high and had a relatively complete range of species. Meanwhile, the content of bitter amino acids and potassium content

provide an important basis for bitter research and development utilization of new boletes.
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AR R ik o RIS S K B0 T A )
Wi, SR FH BEAUIT 247 FEA (3 S 537
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MW192490.1 Tylopilus microsporus
99 .
MW192465.1 Tylopilus neofelleus
78 . .
niuganjun
100 . . .
DQ407261.1 Tylopilus plumbeoviolaceoides
MG777523.1 Tylopilus neofelleus
38 MZ351548.1: Afroboletus sp.
MZ351551.1: Afroboletus sp.
OMB801199.1 Cyanoboletus mediterraneensis
88 GQI66877.1 Boletus bicolor
——
0.0100
B 1 /hammtsrENEERE
Fig.1 Identification of Tylopilus microsporus
x1 NEAMBEFERNTT. N, B, BB
Table 1 Phylum, class, order, family, and genus of Tylopilus microsporus
A Accession P8 | | E #+ y: KEMFr RRE
. . . idi ; i ; ; . Tylopil
niuganjun NR 137924.1 Fungi Ba51.d fomycota; Agar'lcomyceFes, Bolet'ales, Boletaceae Tylopilus VIOPIUS g9 8594
Agaricomycotina Agaricomycetidae Boletineae microsporus

K2 MNaBBEREE/LMERFEEER. SHESE (9/1009g)

Table 2 Protein and polysaccharide content between Tylopilus microsporus and several boletus (g/100 g)

RERE  DRHICAFE  AUKEATE KEFRE  RARE RFTE RRRRETE S aIFRE
nEH 29.9 29.11 28.22 244 225 21.17 13.2
%4 3.68 10.11 3.00 5.40 2.20

E: BRRERALN.

RPBI1 : RNA &% 2 iz K% (the Largest
Subunit of RNA Polymerase 11D, H.$% D1, i5tfL A
18 PN % 5 (B BR [XITS BT AN 75 0N iz b 44,
Rt fE st R R Ak 2 2 A s, BT HE
PR H DX, HAR SRS A BRI PR A AR X — 2,
Fhle) 22 S LA B R . X PR U ITS & & T H WY
o) 53 - 25 5 UL Ja8 A A0 b ) s 9 22 S 0 B S 1)
HHEAI RG K E KRR

AT B EER A Y@t ITS WP af o/ i
MR T 75, R v E 1L R 1 Fs:

SEAGERUTT

A SCHTRIEFE A B /N f A R (Bilopilus

mMiCrosporus) .
22 EARE ZAENEERSH
N T SELF M AR FDR £ A R AE R 2 AR TR

HEARN SR, PRI T LR CRE R
JHF B R AR EAT LU B, CLFE AR PR RS A
AT B, A (8 55 28 T B R KR A4 JHF B L R B 2R i
WSO R 2 FRILVEH, MK
AR B B PR B B A A s, 1A F) 29.9 g/100 g
T, 2B S E R SCEEE AT SRR,
93.68 g/100 g T H . @ik b Bk 3 B E IR A
g, WUEH/MERREREASSSEMEAD
(29.9%/ T H ), B CHRRIE 0 1 20 9% 75 24 B
(29.11%) K48 24F BF i (28.22%) 2B 4= i B
(24.4%). FAEBFTHE (22.5%). &8 JEA 4 BT &
(21.17%) AFFRE (13.2%) HE; 2654
T H 1 3.68%, TE SCHAHRIE 1) HHE Ak T K
e, Al N TR E A KSR
(17 BT 2B A 1R
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® 3 NMEMBEFERLMHEFETMRTEHESE (mg/1009)

Table 3 Mineral impurities of Tylopilus microsporus and several boletus

Ca(45) K (47) Mg (4) P (#) Na(4h) Fe (%) Zn (4%) Cu (47) Mn (48) Se (5%)

DNFeFAFRFE S 3200 262x10° 519 306 0.70 31.0 21.3 1.66 1.23 1.44
&+ E 2.60 19.0 8.80 / 3.60 329 76.9 0.0480  0.570 /
LaAH 1.10 41.0 3.70 / 7.00 14.2 54.6 0.0660  0.600 /
FHHATH 1.40 35.0 4.70 / 5.60 16.9 88.6 0.0480  0.510 /
Z2AHNHA 0.400 122 1.30 / 19.3 5.50 13.5 0.266 2.16 /
ERFITE 1.50 33.0 5.70 / 5.60 17.0 443 0.0710 1.03 /

W E TR / 319 10.7 75.8 / 8.36 1.55 / / 0.302

ZRAME / 382 12.2 96.9 / 7.92 2.84 / / 0.146

A RERAEN,

23 TRILEZERMN

/N SRR AR A B R R ARSI N A TR AR A
BLOBEL BE. BR. BE. L BRAIENSEITER . HSAEAE
TN EZHRAL, B AT A, AR Z A5 1R
7 oy 3 BUSCE R A OB RA RE SRR o B — AR
RN, T RAEMESIITL®HN, fE
i i NARVS 38 AR BT . 488 1 AE 4H i N 1)
Wt R B Ay EREE, ZHRENAN. RAA
{12 398 400 P A R BT O ML A S Th R R AE
N A R s E R HERER, KGR
TG, BLREHN, PG A A R
P i AL B AL A AL S M R gy, HRE S
YERFAEBThRE M AL N, At R ARG, ML
HH. MAEAMFRENEEZS MRS, &
AR FHITM. B RENS 4ERF N AR R Thse Al 4
UM, VR, MAERKKEES. LIRS,
#SE SR SR . R R AR Y R A A
Difg, WIEERFTREMERFRREE, 5%
ARMHE R, ZERF IEW ME M RE. B2 N T Ak
WHEENITR, oM TEMARY, 5EKE.
Wi hae. A K. il AN K7 HRCE T
R . EAUEPIIEE . WoRR% /1. i e
PR A o e AR B ) RE AN Y 4 AR 3R T T K
FEAERM.

M3 R LUR /IR A 2R T R B 4 5 e
FOFAET HAR A FFEE 45, B0 85 BE. K.

118

i ARR B 2 B4 N 3.200 2.62x10°, 51.9. 306,
31.0. 1.66. 1.44 mg/100 g T 5, _F iR ¥ £ 0,
NIRRT TR S EEE.
24 BAEBWHAREGAHEMIL

ANFR LA I B 0 T BRI i T R R
TE KM - PR (8.40 /100 g) Fil 41 4% 5 4= iF
(5.52 g/100 @) TS E (7.75 g/100 )
HEPCER 4), N 11.18 g/100 go [FIR, Mok
T2 FF B b TR B IR I LB B s, N 46.97%, BB
FIHEE & AERE I

INFDRG A2 I B R L R (1) B RN 23.80%, =i T
RELLA IR B (15.47%) FESETOMIZEF I (18.12%)
KA EAHFE (21.96%), HPERNEAR. FoE
FR i (4.52%. 1.46%) AHELT SCHRARIR KRG 212
FFEE (0.67%- 0.86%) FETEHEMNZEHFE (1.04%-
0.76%) KA EATE (0.79%. 0.90%) KRN
A i BRI & B e, R H AR A4

A Bl

i BEA]o

ANFEUKY 964 B oA R B R, K ENECA
0.89. E/(E+N)% {ti A 46.97%. EAAI 1£%1 1.05, %)
KT FAO/WHO #E 1 0.6« 40%-~ 0.95, EP2AFRE
B /B FREMRBE. LDHAER/ DEER
MR, BHRERRIEE. WA R RS EFEE,
35 H A R F K. Mg, P. Fe. Cu. Mu. Se %%,
JHZ K P& ERS, 26147 mg/100 g.
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&4 NEMBEFESLAEFEPRERRARILE (9/100g)

Table 4 Comparison of amino acid composition between Tylopilus microsporus and several boletus (g/100 g)

P AR S ] FELLLE & AT e RARFITE BB EFATH
(Tylopilus microsporus)  (Xerocomus spadiceus)  (Leccinum aurantiacum) (Boletus griseus)

RARB (Asp) 1.58 1.51 1.88 2.20
BB (Thr)* 1.05 0.97 1.00 1.20

22 2 B4 (Ser) 0.97 0.93 0.95 1.26
22 (Glu) 3.11 2.64 2.32 3.08
Ji# 2R (Pro) 1.07 0.80 0.83 1.26
H&HR (Gly) 1.00 0.81 0.86 1.11
FRE (Ala) 1.30 1.23 1.35 1.76
JREBL (Cys) 1.17 0.10 0.10 0.25
AT (Val)* 0.70 0.80 1.80 1.20
R B (Met)* 0.78 0.22 0.17 0.93

F TR (lle)* 1.46 0.86 0.76 0.90

Z R (Leu) 1.26 1.07 1.16 1.42
B 2B (Tyr) 0.69 0.48 0.58 0.64
R A &FL (Phe) 4.52 0.67 1.04 0.79
20 2B (His) 0.73 0.43 0.52 0.57
FRBL (Lys)* 1.41 0.93 1.06 1.27
BB (Arg) 1.01 1.02 0.98 1.43

& & FR (Trp)* — — 0.76 0.69
5% ZIER (E) 11.18 5.52 7.75 8.40
T AL (N) 12.62 9.95 10.37 13.56
AABREE (EN) 23.80 15.47 18.12 21.96
E/N 0.89 0.55 0.75 0.62
E/(E+N)% 46.97 35.68 4277 38.25

O HLE RO,
25 NERBFEFETEEARFLFEAE 26 I EREFFEERLLRNARRFE
% Eitn R AT

B Ax (L
FERTE4r ). CS (1%%%’\) I

iﬁ%ﬁg@ AAS (&
A3 H Nk

BT ) EAATC F @ SRR TG HD , BARKE WK 5.
EEFEFROE LT EER &R FhE

AL s 2P0 AR R LR T (R 5 T
TN, BRI R FR T FAO FruER) AAS, HiAh
FRERILIT b e, HiJa 3 Friis s iz

AEIT FAO AR, 78 LR EHEm+, AU R
FR T Lo B AR 2 R = F il b s AR (R AN
PR A R EH . EAAL R R B E AR
(o B K, N A R 2 — s R E R
EAFKIE, EAAI>0.95,

FAT, T/ k £ 2 B B e R A R TE AR 2D
M T ZA SRR M EE T R B A SR S = R AR IE
UMK, SRR |V URIE i B 2R
o BEEMMGKIE RN, e 3 ERI k.
iR B A T K R R ) AR, R

FUKTER IR & B, ook, SR g
TR RN HEIRNEEIREST (WL 6, B 2).

INFRLA PO A I B R R 2 R R & 8 11,15 /100 g,
e SCHR H AR TE ) K A R (5.55 g/100 gDy
LR A I (7.01 g/100 g) AR S HERR 4= I
(7.88 g/100 g)o #iWRE IR & &L = nl e/ Mk
A JH B A R S R 22—
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THLEEA GBI, 2 aWREERS. M
BT IR R A Rk, T B A R AL
KZRETHERES FOAE, mdsih, ik,
B SR A BRSO N TROM 2 T R A R R
N2 614.70 mg/100 g, X 7] fg A2 /N Ry A 4 T B
BRI 5 — AN R A

® 5 MR ESERIIN

Table 5 Amino evaluation of Tylopilus microsporus

ey se AT E ( Bolopilus microsporus )

R FAO/ A5%iF
AX AAS G o AR

FEB (Thr) 3498 8745 0.69 40 51
HAF (Val) 2343 4686 032 50 73
BABL (Lys)  47.13 8569 0.86 55 55
FEB (Lew) 4227 6039 048 70 88
FERA (le) 4872 12179 0.74 40 66
E R (Met)
R 6522 18634 1.19 35 55
KA ZER (Phe)
g 17425 29041 1.74 60 100
B 436.00 12457 0.89 350 488
EAAI 1.05

A ATAERARSE (mgh); “AAS” AmAUL
BOTS “CS” RTALFIFS “BAAD Arid RURmAEH.

ZINTRO R L 2 FH T VA T 25 F A A JHF T 11 S PR ]
Ae A B T oM 2 LR & B, Hrp iy g
FRFIERE R, YN R IR . AR, ANk
TSR EEIR, AT PR B R AP, TP AT
IT B R s FHCo LS 20 55 o S A2 2L R (Branched
Chain Amino Acid, BCAA) BT U iR&EER, BEA
REIR IO 85 454 . BCAA R LEERM A AV B &
B, ARSI N ANBEA R, (B AT DLl g AR A
K. BCAA & AA & T 5] e 9% Dy g =, =
HH S HR AT, 7 BCAA nAf 8] 78 i
20 At P 5 4 R 9 £ 4 A 30 5 1 4 e 92 v P T
TR ¥ 40 M PR S ThRE . T AR AR I O T
BCAA f& NiL &, &G mTORCI i #%, f# S6K1
BERRAL, AT SRR B 2 2 AR 1 (RS BERRAL,
FAA IRST HI3E M, S50 PIBK/AK 15 545 S U R4,
Boe AR IR &% 2 () ORI S BB SR 6 . A, BCAA it
Z AT DA e R B 2% U R R SR A k. 47 b, 32
S IR R 03 52 e LA RO MR A AN S D RE o

T, LT G ER SRR R 0 Re R AR
R A — AR
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Table 6 Comparison of bitter amino acids composition

between Tylopilus microsporus and several boletus

Dekrie AR E RERM KBE

ES %@‘: A A e A
R ARFE FIFE 4HE 4E
R FE (Val)* 0.70 0.80 1.80 1.20
Z 2B (Leu) 1.26 1.07 1.16 1.42
FZ A (le)* 1.46 0.86 0.76 0.90
B R B (Tyr) 0.69 0.48 0.58 0.64
E R (Met)* 0.78 0.22 0.17 0.93
F# ZBR (Phe) 452 0.67 1.04 0.79
20 R B (His) 0.73 0.43 0.52 0.57
R (Arg) 1.01 1.02 0.98 1.43
At 11.15 5.55 7.01 7.88
12 11.15 OFIRE IR [ a ke R
. 10F WEREIERR B ERE LR
&) 3
g 8 . =2
2 6L 23 T, 8o ok
- - 53 73 i
=il HI Hl|ml H
4”1 ; o o Py
2+ = 2 S 3
0 I
'ﬁ@%g@ m%%g@ " s o s
O s @ o

A 44 T
B2 EMERIEBRIEHIILL
Fig.2 Comparison of high and low content of various
flavoring amino acids
2.7 UHPLC-Q-Orbitrap HRMSI| 5 % &

i 1o 7 v AU € 1 R R DU AT / i e BE
B} 7R 20 #E T 1  (UHPLC-Q-Orbitrap HRMS) 7 A
SREUCYIHEAT RS, TS A B P AU 4 2 A R
Progenesis QI (Waters Corporation, Milford, USA)
BEAT I DR W), By, IREEI AR I 0
X5, BRI AMOREISIA] . J5Eer EE RIS ) 4
PEAERE, 32 B N http://www.hmdb.ca/« https:/
metlin.scripps.edu/ 52 HEEHE 2 LUK 22 IR0 % .
Wl 3~4 fros, /NS B f6 A F TE Hh E E
949 MR, I 797 AR AL 10 A
ZK UL 3 HMDB A1 metlin %0408 22 o, 4045 232 4
JERAZENR ST 131 MR REMTTEHRE . 110
NE IR S HAT Y 96 ME NI LE, 80 ME
BUEHAY . 76 IR 37 AN IHATAY)
21 MEHIR L HATAEY 10 MARTRER. IR ER

FHFRED 4 MEIEHED).
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Fig.3 Total ion flow diagram of Tylopilus microsporus in positive ion mode
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Fig.4 Total ion flow diagram of Tylopilus microsporus in negative ion mode
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Table 7 UHPLC-Q-Orbitrap HRMS identification results of chemical components of Tylopilus microsporus

R5 a4 »FX EGHE/min X MSm/z) EE(X10°) FH 4%
1 malate C,H,Os 0.92 [M-H]" 133.014 1 -1.38 63.0 A
2 Adenosine C,H;5N;0, 1.72 [M+H]" 268.103 2 -3.01 87.9 B
3 Levulinic acid CsHz0; 1.09 [M-H] 115.0399 -1.45 572 A
4 D-Tryptophan C,H,N,0, 391 [M-H]" 203.082 5 -0.73 92.5 C
5 L-Iditol C¢H,,04 0.79 [M-H]" 217.048 1 -1.88 79.8 D
6 Succinic acid C,HO, 1.23 [M-H]" 117.0191 -1.55 90.5 A
7 N-Fructosyl isoleucine C,,H,;NO; 1.13 [M+H]" 294.153 9 -2.93 51.7 D
8  9S,108,11R-trihydroxy-12Z-octadecenoic acid  C,3H3,05 8.62 [M-H]" 329.2329 -1.21 50.6 E
9 Pantothenic acid C,H,;NOj; 2.97 [M+H]" 220.117 4 -2.55 69.4 D
10 Calcium pantothenate 2.67 [M-H]" 218.103 1 -0.92 89.4 D
11 Elasine CysH3NO; 6.56 [M+H]" 557.2846 2.61 70.0 F
12 D-Valine C;H, NO, 0.92 [M+H]" 118.086 2 -0.46 797 A
13 L-Pyroglutamic acid CsH,NO, 1.07 [M+H]" 130.049 7 -1.00 84.3 A
14 N-Methylisoleucine C,H,sNO, 1.09 [M+H]" 146.1172 -2.12 61.5 A
15 DL-2-Aminooctanoic acid CgH;NO, 1.61 [M+H]" 160.1329 -2.10 89.2 A
16 Isobutyryl carnitine C,;H,NO, 2.42 [M+H]" 232.153 8 -2.36 64.5 A
17 Ohchinin C1HypO5 4.99 [M-H] 601.283 5 4.59 82.9 E
18 13:&-‘{:;‘;5:3?:532@%]3) C1sH,0, 10.31 [M-H] 3112224 111 634 E
19 L-glutamic acid C;HyNO, 0.76 [M-H] 146.045 8 —083 -------- 694 ------- A -----
20 9-Hydroxy-10,12-octadecadienoic acid C,sH;,0, 10.51 [M-H]" 311.2224 -1.15 73.2 E
21 Inosine Cy,H,NO 3.98 [M+H]" 146.059 7 -2.23 924 B
22 gamma-Decalactone C,0H 50, 3.68 [M+H]" 153.1270 -2.05 63.1 C
23 Piperidine CH; N 1.11 [M+H]" 86.096 8 4.57 67.2 C
24 N6-Acetyl-L-lysine C:H,N,0; 0.99 [M+H]" 189.1229  -229  61.1 A
25 5'-Methylthioadenosine C,;H;5sN;0;S 4.69 [M+H]" 298.096 2 -2.29 90.2 B
26 Ergothioneine CoH5N;0,8 6.63 [M+H]" 230.095 2 -2.31 86.4 A
27 Methylsuccinic acid C;H;0, 2.53 [M-H]" 131.0348 -1.02 66.0 E
28 D-Histidine CHyN;0, 0.75 [M+H]" 156.076 5 -1.78 932 A
29 Traumatic acid C,H,0, 8.16 [M-H]" 227.128 7 -0.61 72.0 E
30 D-Lysine CeH,2N,0O, 0.70 [M+H]" 147.1125 -2.39 93.3 A
31 10-O-Acetylisocalamendiol C1,H504 9.31 [M-H]" 325.2016 -1.76 55.9 E
32 beta-Myrcene C,oHys 3.71 [M+H]" 137.1322 -1.95 65.2 E
33 (R)-Camphor C,H,cO 0.021 [M+H]" 153.1270 -2.34 86.4 E
34 D-Glutamine CsH,,N,0O; 0.79 [M-H]" 145.0617 -0.89 767 A
35 19(R)-hydroxy-PGA2 C,H3005 8.48 [M-H]" 349.201 6 -1.26 68.1 E
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A5 1ot A»FX BREHE/Mmin X MS(mik) FE(x10°%) #Fy ok
36 Alexine C:H,sNO, 0.88 [M+H]" 222.1330 -2.93 50.9 C
37 D-Ornithine C,H,N,0, 0.70 [M+H]" 133.0970 -1.54 944 A
38 N-Acetyl-phenylalanine C,;H;;NO, 5.85 M-H  206.082 0 -1.09 65.2 A
39 L(-)-Glutathione CyH3,NO15S, 1.36 [M-H] 611.1437 -1.58 849 A
40 2-Aminoacetophenone CsHoNO 3.97 [M+H]" 118.065 1 0.18 70.7 D
41 nicotinamide C:HN,O 1.45 [M+H]" 123.0552 -0.82 78.2 C
42 9-0Ox0-12,13-Epoxy-10-Octadecenoic acid CsH;3,0, 9.82 [M-H]" 309.206 8 -1.05 65.0 E
43 N-Methylglutamic acid CsH,NO, 1.32 [M+H]" 144.065 2 -1.85 574 A
44 Glutathione (oxidized) C,H:,NO,,S, 1.39 [M+H]" 307.082 5 -2.35 95.1 A
45 N-Acetyl-L-glutamic acid C,H,;;)NOs 1.09 [M-H] 188.056 2 -1.06 86.6 A
46 Rauvotetraphylline B C3;H36N;04 11.19 [M-H]" 591.260 9 4.13 80.7 F
47 Uridine diphosphate-N-acetylglucosamine  C,;H,,N;0,,P, 2.35 [M-H]" 606.074 0 -0.51 94.1 B
48 D-FRUCTOSE CsH,,04 0.81 [M-H]" 179.056 0 -0.87 50.3 D
49 L-Cystathionine C;H,N,0,S 0.75 [M-H]" 221.0600 -0.78 647 A
50 Geraniol C,H,;50 16.59 [M+H]" 137.1322 -1.79 54.9 E

i a REAAMBRALATAY b REHET. &
Ehg T IREAMBALLITEY.

3 #ip

ATLHEET ITS 7 45 50 2w 4 i o i ol R B
PR AL IR EAT 1558, Bl FTiE 70 5w 1 B i
Mo /N A BT (Tvlopilus microsporus), )&
FREREE . A SR IE KWL bR %/
TR A I B RE 5 R 5 A E R R AT AR, JRAR 4
FAO/WHO HJRUSE, LR S 5 & ik BR AR R ARG
HEARAEREY, HEAAAIES (CS) M
BVFIr (AAS), JREIFAG LT AFEMR TGS (EAAD,
XN Ry 8 A4S R HEAT T o A AR .l
RACBURE (00 £ T DY AT / 5 v 37 BT B v 2 0 o o
(UHPLC-Q-Orbitrap HRMS) 3 A % % tH 949 4L
W, HA 797 MU AEE 10 AN 2R UL 3
NFEARE A, Kb 245 B0 st
G, 78 EHER AT 50 ILEd, =R 5
13/50, HEWRE IR & BB m, S MR 45 R
FFo ICP-MS Wl & 45 LRI, /N8 6 4= & &
ZMNELT N TR a0, MMkt
W (Dlopilus microsporus) =& —FiEE A K
TRERM B A, R S 5w AR
4, EARARPUANTZ A BT O
B, Mk m m R T A R E B SR AR R, KRR
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