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g1 do 48 Liol oiXt S U8 Liol
Male_1 w33 Femaje_1 Fr32
Male_2 M32 Femsle_2 Fi36
Male_3 W32 Femsle_3 Fr37
Msle_4 M37 Female_4 Fi34
Male_5 M36 Femsie_5 FI37
Msle_6 Mm32 Femsle_6 Ff39
Male_7 M’38 Femasle_7 F/39
Msle_8 W37 Femsie_8 Fi38
Msle_9 W39 Femsie_9 Fi34
Male_10 W37 Femsie_10 Fi37
Male_11 w3o Femsie_11 Ff36
Msie_12 W34 Femsale_12 Ff38
Male_13 M35 Female_13 Fi39
Male_14 w41 Female_14 Fi36
Maie_15 W41 Femsie_15 F/45
Maie_16 w42 Femsie_16 Fr44
Msale_17 49 Female_17 Fi47
Male_18 41 Female_18 Fi48
Msle_19 M/48 Female_19 F743
Male_20 W44 Female_20 FI42
Mate_21 M46 Female_21 F/40
Maie_22 M43 Femsle_22 Fi46
Msle_23 w42 Female_23 Fi42
Msle_24 41 Female_24 Fr41
Msle_25 W48 Femsle_25 F/43
Male_26 M50 Femsle_26 Fi53
Msie_27 M54 Female_27 Fi50
Msale_28 M51 Femasle_28 Fi51
Msle_29 M52 Female_29 F750
Msle_30 W51 Femsile_30 F/51
Msle_31 Mi53 Femsle_31 Fi51
[72] (A1£5)
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73] Femasie_32 Fi54
Femae_33 Fi63
Femsie_34 Fi52
Femnsle_35 Fib2
Femsie_ 36 Fi65
Femsie_37 Fi63
[74] [352]
Identification of metabolites
Amines
- - 5-deoxy-5- .
2-hydroxypyridine 3-hydroxypyridine ] . adenosine
methylthioadenosine
benzamide carnitine glycocyamine hypoxanthine
inosine nicotinamide o- . spermidine
phosphoryiethanolamine
thymine tyrosine uracil urea
uric acid uridine xanthine
Amino acids
alanine asparagine dehydrated glycine histidine
isoleucine L-allothreonine L-cysteine L-homoserine
lysine methionine: methionine sulfoxide N-methylalanine
ornithine oxoproline phenyialanine proline
serine threonine tryptophan valine
p-alanine
Fatty acids
1-monopalmitin 1-monostearin arachidic acid capric acid
heptadecanoic acid lignoceric acid myristic acid palatinitol
palmitic acid pelargonic acid stearic acid
Organic acids
-2-hydroxyvalerate 2-ketoadipate 3-hydroxypropionate S-aminovalerate
adipate aspartate citramalate citrate
DL-3-aminoisobutyrate fumarate galactonate galacturonate
giuconic acid lactone glycerate glycolate guaiacol
hexonate indole-3-lactate lactate lactobionate
malate maionate oxalate oxamate
pyrroie-2-carboxylate pyruvate succinate
[75] (A1)
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[76] Sugars and sugar alcohols

3.6-anhydro-D-

1,5-anhydroglucitol arabitol dihydroxyacetone
galactose
fructose gatactinol galactose glucose
glycerol glycerol,-tphosphate lactose lyxose
maltotriose mannitol mannose melibiose
myo-inositol ribose sucrose: tagatose
_ threitol threose frehalose Xylose
Miscellaneous
1.2,4-benzenetriol caffeic acid phosphate taurine
xanthurenic acid
[77] [3£3]
Class t[1]_average t[2]_average  t[1]_stdev  t[2]_stdev
DE 4368 -0401 2.117 1.687
Wi 0837 3.231 3376 3203
Ul -5257 -2.776 4334 14568
[78] 332 7 Aol whehA AR A o] T o) ol depxitkE A s dad
A E o2 A2 glo] A= 2 & F=5t] i% Ao that=d E 7 2
KeR =i

s FAEE Felgitar 7S 5 Q) V] <E
37 °Coll A 141 3F g =] c*?L(UI) Taﬂo}xﬂ H]
A A A (WD 52 AME9] ([1] % =2
T L G HIdojd A S &

HARE A e I ATk (&1, & 3). o] 3
A& Bl AR FF 2 ol Mstehis A& Aol Awg ulo] ol
2ol EHU FS WMoY 3 ulo] Qup B g e B8 S Hojme]a

A viol enhl 7k A4 E 5 ek,

791 whebA SellobAl A elis AL ZR el S WEA Y| IR (F 3) Belel
QA 2l 2 9= $-dlobAl ¥ A ] i DE R} ulo] @ n}] ura
520] Wol At}
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[80]

[81]

11

[354]
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QAR 291 | =292
1.24-benzenetriol 0015 0174
1,5-anhydroglucitol -0.043 0020

1-monopalmitin 0001 -0013
1-monostearin -0.058 -0.047
2-hydroxypyridine 0048 0269
2-hydroxyvalerate -0.111 -0.025
2-ketoadipate 0.001 0078
3,6-anhydro-D-galactose -0.102 0052
3-hydroxypropionate -0.134 -0067
3-hydroxypyridine -0.058 0120
S-aminovalerate -0.055 0037
5'-deoxy-5'-methylthioadenosine -0.130 -0067
adenosine -0.128 -0004
adipate -0.035 0085
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[82]
alanine -0.085 0067
arabitol -001% 0122
arachidic acid -0080 0072
asparagine dehydrated -0.076 -0.010
aspartate -0076 0029
benzamide -0031 0.134
E-alanine -0043 0035
caffeic acid -0023 0112
capric acid -0.160 -0.135
carnitine 0041 0.135
citramalate -0098 0035
citrate 0.009 0080
dihydroxyacetone -0.002 0.064
DL-3-aminoisobutyrate 0018 0041
fructose -0052 0.059
fumarate 0037 0246
galactinol -0.069 -0.007
galactonate -0.158 -0.032

[83] (A1)



WO 2020/171650

[84]
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PCT/KR2020/002542
13

galactose -0.093 0.0%0
galacturonate -0.159 -0.044
gluconic acid lactone -0.084 0025
glucose -0111 0.057
glycerate -0075 -0032
glycerol -0153 -0.080
glycerol-1-phosphate -0.043 0129
glycine 0048 0136
glycocyamine -0.090 0070
glycolate -0.130 -0046
guaiacol 0.038 0175
heptadecanoic acid -0.147 0047
hexonate -0152 -0.096
histidine -0.104 -0.057
hypoxanthine -0.045 0135
indole-3-lactate -0075 0026
inosine -0.080 -0.001
isoleucine -0.165 -0.095

(A

A
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[86]
lactate -0076 0010
lactobionate -0.099% -00%0
lactose -0.218 -0261
L-allothreonine -0.009 0.147
L-cysteine -0.101 0.009
L-homoserine -0.143 -0.131
lignoceric acid -0.092 -0041
lysine -0.066 0014
lyxose -0.052 0.063
malate -0.060 0076
malonate 0032 0.108
maltotriose -0071 -0076
mannitol -0026 0036
mannose -0047 0134
melibiose -0.063 -0.008
methionine -0131 -0065
methionine sulfoxide -0.132 0026
myo-inositol -0.049 0.048

[87]

(A

A
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[88]
myristic acid -0112 0034
nicotinamide 0.008 0211
N-methylalanine -0137 -0078
O-phosphorylethanolamine -0.129 -0.048
ornithine -0.083 0015
oxalate -0177 -0.128
oxamate 0.166 0.193
oxoproline -0.008 0252
palatinitol -0128 -0.080
palmitic acid -0.164 0019
pelargonic acid -0127 -0.018
phenylalanine -0.137 -0.030
phosphate -0033 -0019
proline -0.105 -0.128
pyrrole-2-carboxylate -0074 -0.017
pyruvate -0.027 -0051
ribose -0.131 0015
serine -0.187 -0.175

[89] (A1)
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[90]
spermidine 0.006 0126
stearic acid -0013 0.152
succinate -0042 0.103
sucrose -0.166 -0127
tagatose -0052 0.045
taurine -0.087 -0019
threitol -0010 0.079
threonine 0.006 0.126
threose -0.08%6 -0133
thymine -0016 0214
trehalose -0207 -0232
tryptophan -00%9 0019
tyrosine -0.086 0.046
uracil -0.068 0070
uric acid -0.037 0.077
uridine -0.096 0.036
valine -0.150 -0051
xanthine -0076 0118
[91] (A4
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[92]

[93]
[94]
[95]

[96]

[97]

[98]
[99]

[100]

17

xanthurenic acid -0.084 0083

xylose -0.125 -0.033

A 2: 68 7 AW BES F2 tALA A7

A AT el 12FE 132 PLS-DA #4115 o] &3fo], 68 7l & A& 9 §-#l| o} A <]
e H 37°Col A 1A R A X ¥l (U, S-#oFAl Bl 2] B 37°Coll A 1A]gE
A X 1] (WD), -#H oFA| Bl A 2] 2 A X8 ok B4 2] wH(DE) Al 7 9] 15-&
skt 22 7195 3 2 YA E VIPRL 7o 2 A9 10/ S
BT (3 5).

Uh& 3£ 55 PLS-DAE o8& f-dlotAl o] A g] & 37 °Coll A 1Ak
A ¥ (U, F-#HopA| Bl A ] © 37°Col| A 1A g G X 8l Yk aH(WID, F-dl oA
H A 2] 2 A X vl oF B A 2] 75(DE) {1&] tiALA] 2= ated o A & 2lo]l & Rol &=
1071 2] =2 thA}FA 2] VIP(variable importance in projection) score 418 WEF
Zlol .

[3£5]
aanzsz VIP value
succinate 2.650
palmitic acid 2.468
1-monostearin 2.093
1-monopalmitin 1.873
benzamide 1.786
heptadecanoic acid 1.724
malate 1.696
B-alanine 1.832
histidine 1.573
gluconic acid lactone 1.567

A Ao 3: PLS-DAE o[ £33 68 7l 28 BEo YA 2 o
YA T2

68 o] AZ3 Al (F Dol A F& 2 AE F31H ] YA AW AZa
3778 9] o] A & AEel] S-#HolA Al glo] 7IEol ol AFEH AL & FF
HgeS F5 G2 o] &3k thAAE &7 F GC/TOF MS = 4331 ot

o] F 7 PEE THAS 5 YT Aok E A 9T 1067} 9] HAHA

ﬁ
i
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o] &3l PLS-DA &2 AT (22, 3% 6, 31 7).

[101] 520 YERE vk}l ol it oj o] 4% ]l A = M= tE e S
7FAH, PLS-DA E.&l& 7REo 2 B A A 0 2 §-o % XM Bl =, =34
T Al o] thARA] RS 510 FFo A i Aol (1] R (2] %k
Vo R FTE, oA T A A Rkl 2 *:701 SOl A [t R t[2]
AUlEeR S5 wo] Al whE thARA ZE o] s T E AT (3
7). ol &gk thALA] L2 ap o 2po] & L et = =8 thALEE S A A ]
A FE 8ol = 19 25 2 Bl A 5L 3 BES Holal 11 gho] &
HARA & A8 & AT

[102]  Uh& 3% 6% PLS-DAE o] 83 687 ¥ Mo WA 9 A& Fist=
ARA Z 23t Ad ol A 2po]l & L ERH A= thARA] Z 2 afd o A 2 A2
t[ll%}ﬂr t2] kol Ht 3 2EHAE VER Aot

[103] U< ¥ 7= PLS-DAE 0] 43687 A2 AMZo] Uy 1l o] 48 LR3I
ARA 22 A ol A Zbo] & YERY = tiARA] 22 apd o A 2} tALA| 2
29 e vErd Aol

[104] [36]

Class t{1)_average t[2]_average t[1]_stdev t[2]_stdev

Male -3.054 -2.210 3.821 2.485
Female 2.558 1.852 1.881 3.231
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[105] [37]
AMNEE 2891 2 2
1.2 4-benzenetriol 0.070 -0.043
1,5-anhydroglucitol -0.043 -0.120
1-monopalmitin 0132 0.155
1-monostearin 0.140 0.161
2-hydroxypyridine 0082 -0.028
2-hydroxyvalerate 0047 -0038
2-ketoadipate 0047 0.105
3,6-anhydro-D-galactose 0.110 -0011
3-hydroxypropionate -0.068 -0.229
3-hydroxypyridine 0103 0012
5-aminovalerate 0055 -0034
5'-deoxy-5'-
-0.015 -0123
methylthioadenosine
adenosine 0111 0.004
adipate 0.009 -0074

[106]

(A1)
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[108]
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alanine 0119 0031
arabitol 0122 0071
arachidic acid 0.046 -0.030
asparagine dehydrated 0.210 0139
aspartate -0022 -0.195
benzamide 0023 -0.075
B-alanine 0135 0.149
caffeic acid -0.015 -0073
capric acid 0.116 0058
carnitine 0021 0.060
citramalate 0091 -001¢9
citrate -0111 -0236
dihydroxyacetone 0.039 0.089
CL-3-aminoiscbutyrate 0079 001¢
fructose 0.006 -0.151
fumarate 0.250 0.231
galactinol -0.040 -0.102
galactonate 0.015 -0149

(A1)
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[109]
galactose 0.110 -0.030
galacturonate 0.0%4 -0019
gluconic acid lactone 0.064 -0.038
glucose 0073 -0.083
glycerate -0022 -0.0%6
glycerol -0.056 -0228
glycerol-1-phosphate 0.101 0.044
glycine -0132 -0.242
glycocyamine 0.01¢ -0.146
glycolate 0.074 -0.043
guaiacol 0040 0053
heptadecanoic acid -0.045 -0.203
hexonate 0.060 0010
histidine 0138 0.058
hypoxanthine 0134 0041
indole-3-lactate -0.047 -0.124
inosine -0.020 -0.095
isoleucine 0.164 0.096

[110]

(A1)
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[111]
lactate -0.119 -0.262
lactobionate -0070 -021¢
lactose -0057 -0153
L-allothreonine 0104 0128
L-cysteine 0192 0102
L-homoserine 0044 -0046
lignoceric acid 0100 0081
lysine 0098 0031
lyxose 0.082 0034
malate -0.093 -0227
malonate 0125 0.088
maltotriose -0054 0071
mannitol 0126 0112
mannose 0.048 0088
melibiose -0041 -0.092
methionine 0157 0057
methionine sulfoxide 0117 -0028
myo-inositol 0.048 -0.023

[112]
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myristic acid -0.034 -0.152
nicotinamide 0131 0012
N-methylalanine 0128 0.068
O-phosphorylethanolamine 0096 0.049
ornithine -0.00% -0.113
oxalate 0036 -0.008
oxamate 0.066 0.051
oxoproline 0114 -0.034
palatinitol 0015 -0.052
palmitic acid -0.086 -0.281
pelargonic acid -0.096 -0220
phenylalanine 0136 0.001
phosphate -0.026 -00%4
proling 0105 0232
pyrrole-2-carboxylate 0.04¢9 -0.026
pyruvate 0023 -0.055
ribose 0064 -0071
serine 0107 0.029

(A1)
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[115]
spermidine 0088 0027
stearic acid | -0.107 -0242
succinate -0.180 -0.353
sucrose | -0034 -0.069
tagatose 0023 -0079
taurine 0051 -0.025
threitol 0068 -0.083
threonine 0107 0193
threose 0016 -0031
thymine 0153 0075
trehalose | -0018 -0078
tryptophan 0154 0.049
tyrosine 0178 0.088
uracil -0007 -0126
uric acid 0146 0.131
uridine 0135 -0.002
valine 0115 0012
’xanthine 0017 | -0.088

[116] (A1)
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[117]

[118]
[119]

[120]

[121]

[122]

[123]
[124]
[125]

[126]

25

xanthurenic acid 0143 0034

xylose -0.026 -0.162

e

iz

Ao 4: PLS-DAE ©| &3 68 7] 2 BE] G R A& 7
AL 223D oA 2ol & YE & F8 A A3

AAl o] 322 5B 142 PLS-DA 4] & o] &ato], 24 A 15 0] 3&3]7}
gelstar, i f ZF Aol ]l 7]osh= A Ql VIPgol A %2 A E
B 2 AR 29 1070 & A8 skt (3 8). 3 1070 & thAlA 9] <F
Hb2 250 2 vEhllo] Al utE ﬂ]/\}xﬂ/] % H] L3I T (5 3).

U}2 3 82 PLS-DAS ©] 83687 &2 A& WA 2 oA S Fiahi=
WAL Z 2ot Ad Yol A 2ol & Yt = AR 22 0pd oA & 2ol &
Hol&= 1071 9] 58 tA}A] 2] VIP(variable importance in projection) score #k<
e Zlo] T

KeN
=

mlo il u\ﬁ

[3%8]
aazsz VIP score
succinate 2.045
fumarate 2003
asparagine dehydrated 1.666
palmitic acid 1.695
B-alanine 1.541
L-cysteine 1.540
lactate 1.494
fyrosine 1.432
glycine 1.420
stearic acid 1.373

A 5: W AEY hAMA] E4 & S o 5 & AA

AW AEoNAM AN A EE 7] Ast] 68 Y A A EE SUdg U EE
SR A AW EFEE THE Jo), 100 ule] AW EFEo oAl A e
glol 214 900 MH ZZ 8, =9 W EHE (MeOH), 25 ol §+-8- (EtOH),
A EYE™:Z Z3E (50ACN; 1:1, v/v), 2:2-Z 2 A2 v 2 T35 (WiPM;
2:2:5, vIVIv), i%—*&.vﬂ ehe Z3HE (AM; 0.125:99.875, viv)S A 2] 8Fo] thAA &
FE T GC/TOF MSE A8kl 5 585 vl FA 33T

AW EFEA ofHl T, op] AT, @ R & a2, A
Bl ;} 113 7} 2] ALA & 54 3F5 T3 9)

R 1

mlo
Hil
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o] &8l %3 11371 2] thALAE HHERD Slolt)
[3£9]
Identification of metabolites
Amines
- o 5-deoxy-5-
2-hydroxypyridine 3-hydroxypyridine . . adenosine
methyithioadenosine
carnitine glycocyamine hypoxanthine inosine
O- . .
. thymine uracil urea
phosphorylethanolamine
uric acid uridine xanthine
Amino acids
alanine asparagine dehydrated glycine histidine
isoleucine L-allothreonine L-cysteine leucine
L-homoserine methionine methionine sulfoxide N-methylalanine
ornithine oxoproline phenylalanine proline
sefine threonine tryptophan tyrosine
valine $-alanine
Fatty acids
1-monopalmitin 1-monostearin 2-ketoisocaproic acid arachidic acid
capric acid dodecanoic acid heptadecanoic acid lignoceric acid
palatinitol palmitic acid pelargonic acid phytol
stearic acid

Organic acids

2-hydroxyvalerate 2-ketoadipate 3-hydroxypropionate

adipate aspartate citramalate
DL-3-aminoisobutyrate fumarate galactonate
gluconic acid lactone glycerate glycolate
hexonate indole-3-lactate isothreonate
lactobionate malate: malonate
oxalate oxamate pyruvate

S.aminovalerate
citrate
galacturonate
guaiacol
lactate
N-carbamoylaspartate
succinate
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[130] (A<
[131] Sugars and sugar alcohols
. 3.8-anhydro-D- . .
1,6-anhydroglucitol arabitol dihydroxyacetone
galactose
fructose fucose galactinol galactose
glucose glycerol glycerol-1-phosphate lactose
lyxose mannito} mannose melibiose
myo-inositol ribose sucrose tagatose
threitol threose trehalose xylose
g-gentiobiose
Miscellaneous
benzoic acid caffeic acid ethanolamine lactamide
nicotinamide phosphate salicylic acid spermidine

taurine xanthurenic acid
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A7 9

25 A1 AL (succinate), SF 2= AF (fumarate), o2~ 327 t] o] =g o] E] =
(asparagine dehydrated), V| E4F (palmitic acid), Ml EF-2-2} (B-alanine),
L-Al 2~ H] Q1 (L-cysteine), A4} (lactate), E] 221 (tyrosine), &= &0 A1
(glycine) & 2~ El| o} 24T (stearic acid) &2 o] Fo] X o) A A el H )
ol o] AW thARA ol thek A X E Lok AE EE V| E

A 1 8ol oA,

A& A% = GC/TOF MS(gas chromatography/time-of-flight mass
spectrometry) w41 7] 7] ¢l 7| E

A1 gl JofA,

WAL thALA] Foll A SErF =AY (fumarate), OF 2~ 32} 7

tslol = ol = (asparagine dehydrated), Ml EF-& 2} (B-alanine),
L-A] 2 E| Q1 (L-cysteine), & E] 221 (tyrosine)< 57}l 74 &2, 52141
(succinate), 7] E4F (palmitic acid), 44} (lactate), Z~H| o} 24F (stearic
acid) 2 =80 A (glycine)> 7 AdH= A2 YElY = 71 E

A1 gl JofA,

o] A& thALA| Foll A A4 (succinate), ZV| EALF (palmitic acid), 214k
(lactate), Z~H| o} 24} (stearic acid) 2 = &Fo] Al (glycine)< 5 7F8F=

A eES, SFul24F (fumarate), ©F 2~ 3h2l7 Y] SFo] =g o] B = (asparagine
dehydrated), Ml EF-&2h 1 (B-alanine), L-A] 22| 91 (L-cysteine), & E] 241
(tyrosine)< 74 sl= A eI = 71 E

AR AR W AR GE 25 ] AR AP & E A sk W o R A,
Ao $-g ol A (urease) A &) glo] o9~ Wl ¥HE Bi= EEAMY W EHE- 9]
23 &M E AR SE] tIALA E FE ks tAMA Al EE @A E
FEotebe, AW AR W AR U8 25 H AR APEA S A e
.

A 5 @ell 9l A,

71 #A W& =5 A S GC/TOF MS(gas
chromatography/time-of-flight mass spectrometry) 4] 7| 7] 2 -4 &} =

AR 7hd A2 Wakehis v
stol EANA 0 F AN BT AAH L
o 3k, .

WAl; GC/TOF MS #4 A3 &
2 A3y =X E o]g
AZE = A=
Z} 5 6]—0] o_]}\i
GC/TOF MS ¥-4 A3 = 24 2¢) 715 | .
%ﬁ”P°ﬂHMGﬁagi%Lﬁ n{%%%ﬂ%
ARntE W g WA E =

g Egto® el A0, W,
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8738 A5 el AolA,
HSHE 2] 5 o] gato] TAA o ® F AAA mate] APEA &
Aol A = - F A A 5 E] F HH (Partial least squares discriminant

analysis: PLS-DA)< =3l 8lo] 7 A A & 7H] Fo A2l Apol &
e = thARA vl et & A4 2 A Sk 29, .
4789 Al 8ol lofA,
-2 A A 7 8] 7 W (Partial least squares discriminant analysis: PLS-DA)<]
f*'-—‘j #hol Yl A2 thAA vlol @A o] F7F A &S, 2 4hel
20 A& AA| vhel ewbA o HA Ak vrebl = 21, .
[ 10] ﬂgﬂd 1o A,
Y AFA] vfo] @ A 3= &A1 Ak (succinate), <F 72 A} (fumarate), ©F 2> 32}
t]slo] = ¢ o] E] = (asparagine dehydrated), 27| E4F (palmitic acid),
W EF-& 2} (B-alanine), L-A] 2~ E €1 (L-cysteine), 214k (lactate), E] 241
(tyrosine), = 2}°] 21 (glycine) & Z~H| o} 24} (stearic acid) 2.2 -4 H
74 o] H]—HJ
e 11 Al 8 el 9lojA,
ALA] vlo] kA = A & )
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