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[ABSTRACT] Characterization of aqueous extract in traditional Chinese medicine (TCM) is challenging due to the poor retention of

the analytes on conventional C;g columns. This study presents a systematic characterization method based on a rapid chromatographic
separation (8 min) on a polar-modified C;s (Waters Cortecs T3) column of aqueous extract of Cordyceps sinensis. UHPLC-HRMS
method was used to profile components in both untargeted and targeted manners by full MS/PIL/dd-MS® acquisition approach. The
components were identified or tentatively identified by reference standards comparison, fragmentation rules elucidation and available

databases search. A total of 91 components, including 10 nucleobases, 20 nucleosides, 39 dipeptides, 18 amino acids and derivatives

and 4 other components, were characterized from the aqueous extract of C. sinensis. And this was the first time to systematically report

the presence of nucleosides and dipeptides in C. sinensis, especially for modified nucleosides. The chemical basis inquiry of this work

would be beneficial to mechanism exploration and quality control of C. sinensis and related products. Meanwhile, this work also pro-

vided an effective solution for characterization of aqueous extract in TCM.
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Introduction

Full characterization of the chemical components in tra-
ditional Chinese medicines (TCMs) is a premise for the fol-
low-up research, such as exploring the therapeutic basis and
establishing feasible quality control standards. A lot of efforts
have been made to successfully probe various compounds,
including saponins !, alkaloids ), flavonoids &), and terpe-
noids ™, in a single herb or Chinese patent medicines. High
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performance liquid chromatography tandem mass spectrome-
try (HPLC-MS) stands out among all the methods due to its
high sensitivity, specificity and abundant structural informa-
tion Pl However, there are still some bottlenecks hindering
the analysts: (1) poor retention of polar compounds on tradi-
tional reverse phase (RP) columns *); (2) lack in methods
for characterization of trace components I; (3) laborious and
manual interpretation of big MS data 1.

Aqueous extract was the main usage form of TCMs
and conventional C;g columns are most widely used in TCM

[8]

analysis. However, conventional C;3 columns often suffered
from phase collapse in highly aqueous conditions. Hydro-
philic interaction chromatography (HILIC) offered strong
retention for polar analytes, but the wide use was restricted
by its relatively low stability, poor resolution and the diffi-
culty in characterizing the compounds due to its orthogonal
selectivity to RPLC ). Recently, serially coupled
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RPLC-HILIC has been successfully developed to simulta-
neously separate both hydrophilic and hydrophobic compo-
nents 7). Another option was polar-modified C;5 columns,
including polar-embedded and polar-endcapped C;g columns,
with the advantages of high stability under highly aqueous
conditions, relatively similar selectivity compared to con-
ventional C,g columns, and improved peak shapes for basic
compounds "%,

Cordyceps sinensis is a distinguished and reputable TCM,
also known as “winter worm summer grass” (Dong Chong
Xia Cao). C. sinensis has been traditionally used for centuries
in China and showed a wide spectrum of biological functions
including anti-aging, reparative, anti-tumor, immune-stimu-
lation and antioxidant Y. Nucleosides and nucleobases,
polysaccharides, sterols, amino acids and polypeptides were
reported from C. sinensis and contributed to the above biolo-
gical effects ', Among which, nucleosides and nucleobases
are believed to be major components and acted as chemical
markers for quality control of C. sinensis '*'*1. However, up
to date, only about ten nucleosides and nucleobases were
isolated from C. sinensis ['*). The studies mainly focused on
the determination of nucleosides and nucleobases 11314 16171
and the chemical diversity of nucleosides in C. sinensis has
not been well probed. Although the aqueous extract of
C. sinensis appeared to be a promising antitumor and toxic-

explored thus far.

Herein, we report a chemical profiling solution combing
nontargeted and targeted identification methods for aqueous
extract of C. sinensis. The nontargeted method was applied to
analyze C. sinensis in 8 min, and the undetected minor nu-
cleobases and nucleosides were further analyzed by the tar-
geted identification method. Through these two methods, a
total of 78 and additional 13 compounds were characterized
by UHPLC/Q-orbitrap, respectively. By means of this ap-
proach, a considerable amount of minor modified nucleosides
were sensitively detected and primarily identified.

Materials and Methods

Chemicals and reagents

Twenty-three compounds including adenosine, guanosine,
inosine, adenine, hypoxanthine and arginine were purchased
from the Institute for the Control of Pharmaceutical and Bio-
logical Products of China (Beijing, China). Guanine, adeno-
sine-5'-monophosphate, phenylalanine, tyrosine, leucine,
isoleucine, methionine, valine, proline, Leu-Gly, Leu-Ala and
vitamin B2 were purchased from Anpel Inc (Shanghai, China).
Ile-Leu, Leu-Leu, Ile-Ile and Leu-Ile were purchased from
Nanjing Peptide Biotech Co., Ltd. (Nanjing, China), and
uridine from Shanghai Standard Biotech Co., Ltd. (Shanghai,
China) in this study. And the structures of the reference stan-

ity-reduced agent "™, the composition has not been deeply dards were displayed in Fig. 1.
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Fig. 1 Chemical structures of 23 reference standards in this study
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Crude drug material of C. sinensis was artificially cultured
and provided by Sunshine Lake Pharma Co., Ltd. (Dongguan,
China) "), The sample was authenticated by Dr. MENG Qi-
an-Wan [GenChim Testing (Shanghai) Co., Ltd.].

HPLC grade acetonitrile (Fisher scientific, Fair lawn, NJ,
USA), LC/MS grade formic acid (Fisher scientific, Fair lawn,
NJ, USA), and ultra-pure water in-house prepared by Milli-Q
Advantage A10 water purification system (Millipore, Bedford,
MA, USA) were applied in the mobile phases and sample
preparation.

Sample preparation

An aliquot of 0.2 g fine sample powder was accurately
weighed and ultrasonically extracted in 10 mL ultra-pure
water on a water bath (37 kHz) at room temperature for 60 min.
The samples were centrifuged at 12 000 rmin ' for 10 min
and the supernatant was stored at 4 °C prior to analysis.
UHPLC separation

The separation of the extract was conducted on an Ulti-
mate 3000 UHPLC system (Thermo Fisher Scientific, San
Jose, CA, USA) equipped with a vacuum degasser, a binary
pump, an autosampler, a diode array detector and a column
compartment. An Waters CORTECS T3 column (2.1 mm x
100 mm, 1.6 pm) was used at 30 °C for chromatographic
separation and eluted by the mobile phase consisting of ace-
tonitrile (A) and water containing 0.1% formic acid (B) at a
flow rate of 0.3 mL-min "' according to the following gradient
elution program: 0—1 min, 1% A; 1-4 min, 1%—3% A; 4-6
min, 3%—30% A; 6—8 min 30% A. The DAD detector was set
at 252 nm and between 190 and 400 nm. The sample injection
volume was set at 1 uL. The total analysis time was 8 min for
a single chromatographic run.

O Exactive MS conditions

A Q Exactive™ hybrid Q-orbitap mass spectrometer
(Thermo Fisher Scientific, San Jose, CA, USA) operated in
positive mode was coupled to UHPLC system via a heated
ESI (HESI) source for high-resolution data acquisition. HESI
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source parameters were set as follows: spray voltage, 3.5 kV;
sheath gas pressure, 35 arb; aux gas pressure, 10 arb; sweep gas
pressure, 0 arb, capillary temperature, 250 °C, aux gas heater
temperature, 200 °C.

A full MS/data dependent (dd)-MS? method (injection 1)
was firstly applied to untargeted profiling of various classes
of compounds. The orbitrap scanned over m/z 100-500 at a
resolution of 70 000 in full scan, and 17, 500 for MS? scan.
AGC target values were set at 10° and 10° for full scan and
MS? scan, respectively. Maximum injection times were 100
ms and 50 ms for full scan and MS? scan, respectively. The
three most abundant precursors were selected to acquire
MS/MS spectra fragmented by high-energy collision-induced
dissociation (HCD) at normalized collision energy (NCE)
20%, 40% and 60%. Isolation window was set at 1.0 Da with
an offset of 0.3 Da. An apex trigger of 2—4 s was defined to
acquire the MS? fragments at high concentrations. Then a full
MS/PIL/dd-MS? method (injection 2) was used to targeted
profile the trace nucleosides and nucleobases. All the recorded
modified bases (http: //modomics.genesilico.pl/) were im-
ported into the precursor ion list (PIL) 2%, and if idle “do not
pick others” was on. The data was acquired and processed by
Xcalibur 4.2 (Thermo Fisher Scientific, San Jose, CA, USA).

Results and Discussion

Research strategy and advantages

To analyze the high polar analytes efficiently in aqueous
extract, a pure water tolerable core-shell column, Waters
CORTECS T3 column was applied in this analysis. An 8 min
gradient elution program was optimized and established. To
get exact mass measurements and thereof successful elemen-
tal composition elucidations of precursor ions and product
ions, the data was acquired by hybrid quadrupole-orbitrap
mass spectrometer with high resolutions (70 000 for full scan
and 17 500 for MS/MS). And to get abundant responses of the
analytes, tune parameters including sheath gas pressure,
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Fig.2 UHPLC-UV chromatogram acquired at 252 nm (A) and base peak chromatogram (B) of aqueous extract of C. sinensis
obtained in positive mode on the UHPLC/Q Exactive-orbitrap instrument. The components identified by comparison with refer-

ence standards were annotated
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capillary temperature and aux gas heater temperature were
optimized. Three different NCE (20%, 40% and 60%) were
applied to simultaneously get a comprehensive MS/MS spec-
trum for various compounds ranging from the low mass to the
high mass. A relatively narrow isolation window set at 1.0 Da
was adopted to avoid potential interfering ions. Figs. 2A and 2B
showed the UHPLC-UV chromatogram (252 nm) and base
peak chromatogram of aqueous extract of C. sinensis obtained
in the positive mode.

Recently, a strategy for simultaneously targeted and un-
targeted multicomponent characterization has been proposed
and successfully applied to Erzhi pill based on the full
MS/PIL/dd MS? function P!, The strategy exhibited better
performance in respect of identifying both the targeted com-
ponents and untargeted ones. In this study, the aqueous extract
of C. sinensis was firstly analyzed in an untargeted manner by
full MS/dd-MS>. Then, to get deeper knowledge of the main
group of active compounds, targeted screening of nucleosides
and nucleobases was conducted by PIL triggered MS? frag-
mentations, in which the reported modified nucleosides and
nucleobases were included. To summarize, the detected com-
pounds were identified by the following methods: (1) unam-
biguously identified by comparing with reference compounds;
(2) characterized by fragmentation pathways and diagnostic
product ions (DPIs) according to the related references;
(3) tentatively identified by searching the databases, such as
Human Metabolome Database (HMDB, http: //www.hmdb.ca),
Modomics (http: //modomics.genesilico.pl) and Mycom-

poundID (www.mycompoundid.org).

The superiority of the combined strategy was demonstrated
by comparing the detected compounds. The nontargeted analy-
sis (injection 1) offered multiple classes of compounds identi-
fied, including nucleosides, nucleobases, dipeptides, amino
acids and others. While the targeted analysis (injection 2) only
monitored nucleosides and nucleobases, an extra of 12 nucleo-
sides (mainly methyl nucleosides) and 1 nucleobase were pri-
marily characterized. Methyl nucleosides and dipeptides have
been rarely reported in C. sinensis. Therefore, the combined
strategy greatly revealed the chemical diversity of C. sinensis,
with emphasis on the nucleosides and nucleobases.

Part of components (#z: 0.5—1.8 min) were still not well
retained, and serially coupled RPLC-HILIC may offer good
RPLC-HILIC system
showed a broader coverage of different compounds. However,

separations for these compounds.

modification of the instrument setup was necessary, and the
compounds were eluted in more complex order. The po-
lar-modified C;g column provides a good choice for routine
analysis of polar compounds.
Comprehensive characterization of multiple components
Comparative analysis of the HCD features of 23 refer-
ence standards including three main structure subclasses
(amino acid, dipeptide, nucleobase and nucleoside) was as-
sisted further characterization of unknown components. By
combing with database search method, 91 detected compo-
nents in aqueous extract of C. sinensis were successfully
characterized (Table 1).

Table 1 Chemical components characterized from the aqueous extract of C. sinensis

No rrtll;n m/z Ntl“(())ifri?ll:r M?rsnsDegor MS/MS fragments Identification
1 0.81 189.1597 CyHyN,O, -0.01 130.09, 84.08, 60.08 Laminine
2" 0.83 175.1189 C¢HisN4O, -0.02 158.09, 130.10, 116.07, 70.07, 60.06 Arginine
3 0.83 156.0768 C¢HoN;O, 0.05 110.07¢, 95.06, 83.06 Histidine
4  0.87 147.0764 CsH(N,O; 0.00 130.05, 84.05 Glutamine
5 0.88 118.0866 CsH;NO, 0.31 59.07, 58.07 Betaine
6" 092 116.0709 CsHoNO, 0.34 70.07 Proline
7 092 266.1234 C,H;9NO; -0.05 248.11, 230.10, 212.09, 194.08, 128.07, 116.07, 98.06 GABA-O-Glucose
8 1.06 306.0485 CoH,N;0,P -0.07 178.06, 112.05 Cytidine 2, 3'-cyclic monophosphate
9" 1.15 118.0865 CsH;NO, 0.28 72.08, 55.06 Valine
10 1.15 205.1184 CsH;¢N,O4 0.13 72.08, 55.06 Val-Ser
11 1.27 280.1391 C;;HxNO, —0.01 ?féég” éjﬁ);?ﬁll 198.11, 161.07, 130.09, Val-O-Glucose
12 127 246.1449 C,HsN;0, 0.05 229.12, 147.08, 130.05, 84.05, 72.08, 55.06 Val-Gln
13* 1.3 136.0618 CsHsNs 0.04 119.04 Adenine
14" 1.33 152.0567 CsHsON; 0.04 - Guanine
15" 1.34 150.0584 CsH;NO,S 0.10 133.03, 104.05, 102.06, 87.03, 61.01, 56.05 Methionine
16" 1.39 348.0705 C,;oH;4sNsO,P 0.17 136.06, 97.03 Adenosine-5"-monophosphate
17 1.58 247.1288 C;oHisN,Os 0.00 148.06, 130.05, 102.06, 84.05, 72.08, 55.06 Val-Glu
18 1.59 169.0356 CsH4N,Os 0.02 150.01, 141.04, 126.03, 98.04, 70.04 Uric acid

®
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Continued
No Htfi‘n m/z Nt[‘(())r;l;ll:r M?rs;lsDe;';or MS/MS fragments Identification
19 1.61 130.0500 CsH;NO; 0.10 84.05, 56.05 Pyroglutamic acid
20° 1.67 137.0459  CsH4N,O 0.08 119.04, 110.04 Hypoxanthine
21 1.7 246.1449 C,oH9N;04 0.04 229.12,133.06, 86.10 Leu/Ile-Asn
22 1.75 269.1609 C;;Hy0N40; 0.01 251.15,223.16, 178.13, 110.07, 93.05, 83.06 His-Leu/lIle
23° 1.8 258.1083 CjoH;sN;Os —0.15 126.07 3-Methylcytidine
24 1.81 205.1184 CsH;gN,O4 0.14 159.11, 118.09, 72.08, 60.05 Ser-Val
25 1.86 219.1339  CoH;sN,O4 0.00 86.10, 69.07 Leu/Ile-Ser
26 190 269.1609 C;2Hy0N40; 0.04 251.15,223.16, 178.13, 110.07, 93.05, 83.06 His-Leu/Ile
27 1.92 260.1969 C,:H,5N;0; 0.03 243.17, 147.11, 129.10, 84.08 Lys-Leu/Ile
28" 1.94 132.1020 CeH;3NO, 0.09 86.10, 69.07 Isoleucine
29 198 219.1340 CoH;sN,O4 0.09 86.10 Leu/Ile-Ser
30 2.00 153.0408 CsH4N4O, 0.10 110.04 Xanthine or isomer
31° 2.06 282.1194 C;H;sNsOy4 -0.28 150.08 1-Methyladenosine
32" 2.08 132.1020 CeH3NO, 0.14 86.10 Leucine
33 2.13 247.1288 C;oH;sN2Os 0.00 86.10, 69.07 Leu/Ile-Asp
34 2.15 219.1340  CoH;sN,O4 0.09 201.12,173.13, 155.12. 118.09, 74.06, 72.08, 56.05 Thr-Val
35 2.16 233.1497 CioHyN,O4 0.08 215.14, 120.07, 86.10, 69.07 Leu/Ile-Thr
36 2.18 260.1969 Ci>:HysN;0; 0.03 243.17,147.11, 129.10, 84.08 Leu/lIle-Lys
37 2.19 113.0349 C,H;N,0, 0.35 96.01, 70.03 Uracil isomer
38" 2.19 245.0768 CoH2N,Op 0.03 113.03, 96.01, 70.03 Uridine
39" 227 182.0812 CoH;i1NOs 0.05 165.05, 147.04, 136.08, 123.04, 119.05, 95.05,91.05  Tyrosine
40 2.34 2941546 C,HpNO; -0.13 2;60;4 258.13, 248.15,230.14, 212.13, 132.10, 86.10, Ile-O-Glucose
41 243 233.1497 C;oHxN,04 0.08 215.14, 120.07, 86.10, 74.06 Leu/Ile-Thr
42 245 2941547 C2HxNO; —0.01 2360;4’ 258.13,248.15,230.14, 212.13, 132.10, 86.10, Leu-O-Glucose
43 3.05 278.1249 C;,H;sNsO; 0.11 260.11, 250.13,208.11, 153.08, 112.05, 70.07, 60.06 ~ Qbase isomer
44 3.07 203.1391 CoH;3sN,O; 0.09 86.10, 69.07 Leu/Ile-Ala
45" 3.10 298.1148 C;;H;sN;sOs 0.03 166.07, 149.05 1-Methylguanosine
46 3.25 252.0728  CoHoNsO4 0.04 234.06, 206.07, 192.05, 188.06, 162.08, 148.06, 136.06 ~ Succinyladenine
47° 3.38 258.1085 CoH;sN;Os 0.05 112.05 2'-O-methylcytidine
48" 347 203.1391  CoHisN,O; 0.09 86.10 Leu-Ala
49" 3.55 189.1234  CsH;¢N,O; 0.06 86.10, 69.07 Leu-Gly
50" 3.66 268.1039 C;oH3NsO,4 —0.12 136.06 Adenosine
51 393 189.1234  C3H6N,O; 0.06 86.10 Leu/Ile-Gly
52 4.03 217.1548 C;oHzN,05 0.07 171.15, 118.09, 72.08, 55.06 Val-Val
53 4.09 252.1091 C;oHi3N505 0.03 136.06, 117.05 Cordycepin isomer
54 422 269.0880 C;oH;2N4Os -0.10  137.05 Inosine
55" 43 284.0988 C;oH;3NsOs —0.13 152.06, 135.03, 110.04 Guanosine
56" 4.44 166.0862 CoH;1NO, -0.06  120.08, 103.05 Phenylalanine
57° 4.62 180.0881  C;HyNsO 0.11 110.04, 89.06 PreQ1base isomer
58 4.82 219.1340 CoHisN,O4 0.09 201.12,173.13, 132.10, 86.10, 60.05 Ser-Leu/Ile
59 4.89 268.1040 C,oH3N504 0.00 152.06, 135.03 2'-Deoxyaguanosine
60 4.95 137.0459 CsH4N,O 0.08 119.04, 110.04, 94.04 Hypoxanthine isomer
61 5.10 189.1234  CgH;sN,Os 0.06 143.12, 132.10, 86.10, 75.06, 69.07 Gly-Leu/Ile

®
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Continued
No rrtl?n m/z Nt[‘(())r;?ll:r M?rs;lsDe;';or MS/MS fragments Identification
62 5.12 3281392 CysHy;NO; 0.08 ﬂ(z)(l)gz %gg(l)é’ 264.12, 246.11, 178.09, 166.09, Phe-O-Glucose
63 5.17 233.1496 C;oHyN,O4 0.05 215.14, 187.14, 132.10, 86.10, 74.06, 56.05 Thr-Leu/Ile
64 544 203.1391 CoH;sN,Os 0.09 157.13, 132.10, 86.10 Ala-Leu/Ile
65 5.64 189.1234 CgH;6N,0; 0.06 143.12, 132.10, 86.10 Gly-Leu/Ile
66 5.84 233.1495 CoHyN,O4 -0.04 215.14, 187.14, 132.10, 86.10, 74.06, 56.05 Thr-Leu/Ile
67° 598 282.1198 C;;H;sNsO,4 0.13 136.06 2'-O-methyladenosine
68° 6.3 298.1148 C;H;sNsOs 0.03 166.07 N2-methylguanosine
69" 6.4 283.1039 C;HiN,Os 0.20 137.05 2'-O-methylinosine
70 6.4 298.1148 C;HsNsOs 0.03 152.06 2'-O-methylguanosine
71 6.49 198.0762  CoH;;NO4 0.18 198.08, 181.05, 152.07, 139.04, 135.04, 111.04, 107.05  Levodopa
72° 6.54 298.1149 C, 1H;5N505 -0.01 166.07 N6-hydroxymethyladenosine
73 6.71 229.1550 C;;HyN,0; 0.36 70.07 Pro-Leu/Ile
74 6.72 231.1705 C;Hy;N>0; 0.21 118.09, 86.10, 69.07 Leu/Ile-Val
75 6.81 312.1303 Cj,H;7NsOs 0.06 215.15, 180.09, 120.08, 110.07, 84.08, 70.07 N2, N2-dimethylguanosine
76 6.83 384.1153 C4HsNsOs 0.34 252.07, 234.06, 206.07, 192.05, 162.08, 148.06, 136.06  Succinyladenosine
77 693 231.1706 C;1HxN,Os 0.28 118.09, 86.10, 72.08 Val-Leu/Ile
78 6.93 229.1551 Cy1HyN,O5 0.41 116.07, 86.10, 70.07, 69.07 Leu/Ile-Pro
79° 6.99 296.1356 Cj,Hy7NsO, 0.23 164.09 N6, N6-dimethyladenosine
80 7.03 205.0972 C,H;2N,0, 0.11 188.07, 170.06, 159.09, 146.06, 118.07 Tryptophan
81 7.03 229.1549 C;1HxN,05 0.24 116.07, 86.10, 70.07 Leu/Ile-Pro
82 7.11 231.1705 C1H»nN,04 0.21 132.10, 86.10, 72.087, 55.06 Val-Leu/lIle
83" 7.32 2451862 C;HuN,0; 0.22 199.18, 132.10, 86.10, 69.07 Ile-Ile
84" 743 2451862 C,HuN,0; 0.22 199.18, 132.10, 86.10 Leu-Ile
85" 7.48 245.1862 C;pHN,0; 0.22 199.18, 132.10, 86.10, 69.07 Ile-Leu
86" 7.52 377.1459 C;7H2N4Os 0.31 359.14, 243.09, 216.08, 198.07, 172.09 Vitamin B2
87" 7.58 245.1862 CipHN,0s 0.22 199.18, 132.10, 86.10 Leu-Leu
88 7.66 279.1707 C;sH»uN,Os 0.33 233.17, 149.02, 132.10, 120.08, 103.05, 86.10 Phe-Leu/lIle
89 7.75 279.1705 C;5H»nN,O; 0.18 166.09, 149.02, 120.08, 86.10, 69.07 Leu/Ile-Phe
90 7.85 279.1705 C;sH»nN,O4 0.15 166.09, 149.02, 120.08, 103.05, 86.10 Phe-Leu/Ile
91° 8  336.1666 C,sHyNsO, -0.03 279.17,204.12, 177.10, 143.12, 136.06, 120.08, 86.10  N6-isopentenyladenosine

a: unambiguously identified by comparing with reference standards; b: data acquired by the targeted manner (injection 2);
c: the diagnostic product ions for characterizing the compound were underlined

Characterization of nucleobases and nucleosides

In total, 30 nucleobases and nucleosides were identified
in the aqueous extract of C. sinensis, including 8 unambigu-
ously identified by comparing with reference standards.

Firstly, the data acquired by the nontargeted analysis was
analyzed. Nucleosides are composed of a nucleobase (purine
base or pyrimidine base) and a five-carbon sugar (ribose or
2-deoxyribose). In positive mode, nucleosides and nucleo-
bases were easily ionized into the protonated precursor ions
(IM + H]"). After elimination of sugar residues by dissociat-
ing glycosidic linkages, precursor ions of nucleosides pro-
duced DPIs associated with nucleobases, including m/z
112.05 for cytosine, 113.03 for uracil, 127.05 for thymine,

®

136.06 for adenine, 137.05 for hypoxanthine, and 152.06 for
guanine. Neutral loss of 132.04 Da can be attributed to ribose,
and 116.05 Da to 2-deoxyribose (53 and 59), respectively. In
this way, most of the abundant nucleosides and nucleobases
can be successfully characterized, except compounds 8, 16,
43, 46 and 76. Compound 16 (Fig. 3) was identified as aden-
osine-5'-monophosphate by comparing with the reference
standard, DPI at m/z 136.06 and neutral loss of 212.01 Da
(phosphatidyl ribose) were observed. Similarly, compound 8
was tentatively identified as cytidine 2', 3'-cyclic monophos-
phate or isomer, with DPI at m/z 112.05 (refer to cytosine)
and neutral loss of 194.00 Da (2', 3'-cyclic phosphatidy] ri-
bose). For compound 46 (Fig. 4), the molecular formula was
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determined as CoHoN;O,, and HCD of [M + H]" at m/z 252.07
generated product ions at m/z 206.07 (M + H — CH,0,]"),
192.05 (M + H — C,H,40,]"), 162.08 (M + H — C,H,0,4]")
and 136.06 (M + H — C,H,0,]"). Fragments at m/z 136.06
indicated an adenine residue, and the neutral losses of C4H;Oy4,

cinyl group. Therefore, compound 46 was tentatively identi-
fied as succinyladenine. For compound 76, similar fragments
were observed, and an extra of ribose group than compound
46 indicated the structure of succinyladenosine. Compound
43 was an isomer of Qbase, and the exact structure was not

C,H,0,, C,H40, and CH,0, all gave the evidences of a suc- elucidated.
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Fig. 3 MS/MS spectra, proposed structures and fragmentation pathways for nucleoside phosphates: adenosine-5'-monopho-

sphate (16, A) and cytidine 2', 3'-cyclic monophosphate (8, B)

The modified nucleosides and nucleobases greatly en-
riched the chemical diversity of the aqueous extract of
C. sinensis. Therefore, a targeted screening method was con-
ducted by PIL function, and the reported modified nucleo-
sides and nucleobases were imported into PIL. In this way, an
extra of 1 nucleobase (57, preQlbase isomer) and 11 nucleo-
sides were tentatively identified, including 10 methyl nucleo-
sides (except compound 91). Compound 91 was primarily
identified as N6-isopentenyladenosine by searching the library,
and the structure was further confirmed by the sequential
neutral loss of 132.04 Da (CsHgOy, ribose), 68.06 Da (CsHsg,
refer to isopentenyl) and DPI at m/z 136.06 (refer to adeno-
sine). Compound 67 was an adenine glycoside with DPI at
m/z 136.06, and the neutral loss of C¢H;,O,4 indicated a me-
thyl ribose, and it was primarily identified 2'-O-methyla-
denosine by searching the databases. Compounds 45, 68, 70
and 72 are four isomers with the same precursor ions at m/z
298.11, and Modomics database searching feedback four
compounds. They were attributed to 1-methylguanosine,
N2-methylguanosine, 2'-O-methylguanosine and N6-hydroxy-
methyladenosine, respectively (Table 2), by DPI recognition

®

and comparing ClogP. Compound 70 (2'-O-methylguanosine)
can be easily distinguished from others due to DPI at m/z
152.06. The other three compounds were primarily assigned
by retention times and ClogP %, since compounds with lar-
ger ClogP commonly eluted later in a RP separation system.
In a similar way, two isomers (23 and 47) of methylcytidine
were tentatively identified. Recently, HCD MS/MS spectra
obtained at NCE of 80% were also successfully used to dif-
ferentiate the nucleoside methylated positional isomers .
Compounds 75 and 80 were both dimethyl nucleosides, and
an extra of two methyl groups than guanosine (m/z 180.09)
and adenosine (m/z 164.09) were observed, respectively.
Therefore compound 75 and 80 were separately tentatively
identified as N2, N2-dimethylguanosine and N6, N6-dimethy-
ladenosine, in accord with the fragments. In general, the tar-
geted screening method greatly revealed the chemical diver-
sity of modified nucleosides and nucleobases.
Characterization of amino acids and derivatives

Amino acids are also main components of C. sinensis
In total, 18 amino acids and derivatives were identified or

[24]

tentatively identified. Eight amino acids were identified by
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Fig. 4 Proposed structures, fragmentation pathways (A) and MS/MS spectra (B) of compounds succinyladenine (46) and suc-

cinyladenosine (76)

Table 2 Structures, retention times, DPIs and ClogP of four isomers

Compound 45 68 70 72
tr/min 3.10 6.30 6.40 6.72
0 e} OH
~ N, N N,
O LD L0 X
N
LN N N Ny N H.N \N N NZ N\
Structure H | >
0 0 0 Xy N oH
HO 110 o)
/ OH
HO 110 HO o
HO HO HO ot
DPI m/z 166.07 m/z 166.07 m/z 152.06 m/z 166.07
ClogP -3.01 -2.32 -2.34 -2.19

comparing with reference standards. We take methionine (15)
as an example, which has been confirmed by comparing with
reference standards. HCD of precursor ions [M + H]" gener-
ated fragments at m/z 133.03, 104.05, 102.06, 87.03, 61.01
and 56.05 refer to neutral losses of NH;, CH,0,, CH,4S,

®

CH;NO, and fragments of C,HsS" and C3HN", respectively.
Neutral losses of NH; and CH,0, are common to the amino
acids, except proline (an imino acid). Accordingly, two non-
protein amino acids, pyroglutamic acid (19) and levodopa
(71), were also detected and tentatively identified in the
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aqueous extract of C. sinensis. In addition, amino acid deriva-
tives, five glucosides (7, 11, 30, 42 and 62) were also detected
and tentatively identified. For these compounds, characteristic

neutral losses of a sugar, multiple H,O and CO were observed.

Among which, 62 (phe-O-glucose) was one potential chemi-
cal marker to authenticate C. sinensis samples .
Characterization of dipeptides

Few reports on dipeptides of C. sinensis samples were
available, and the reported dipeptides were also limited %%, In
positive mode, the MS/MS spectra of dipeptides showed
product ions [amino acid + H]" and [amino acid + H —
CO,H,]" of C-terminal amino acid, and [amino acid + H —
CO,H,]" of N-terminal amino acid #7281, Therefore, [amino
acid + H]" was characteristic to C-terminal residue. We take
four isomers (25, 29, 34 and 58) with precursor ions [M + H] "
at m/z 219.1339 for an example (Fig. 5). The molecular for-
mulas were deduced as CoH;gN,O,4. For compound 58, m/z
86.10 and 132.10 showed the existence of Leu/lle at
C-terminal, and m/z 60.05 indicated the existence of Ser at

86.10

N-terminal, therefore compound 58 was tentatively identified
as Ser-Leu/lle. For compounds 25 and 29, m/z 86.10 showed
the existence of Leu/Ile at N-terminal and Ser was deduced at
C-terminal according to the formula. And compounds 25 and
29 were both identified as Leu/Ile-Ser. Leu and Ile residues in
oligopeptides can still not be differentiated. For compound 34,
m/z 72.08 and 118.09 showed the existence of Val at
C-terminal, m/z 74.06 proved Thr at N-terminal, thus com-
pound 34 was identified as Thr-Val. In this way, 39 dipeptides
were identified in C. sinensis, among which 33 dipeptides
contained Leu/Ile residues, accounting for the importance for
differentiation between Leu and Ile residues.
Characterization of other compounds

Four other compounds were detected, including two N, N,
N-trimethyl inner salt (laminine and betaine), uric acid, and
vitamin B2 (also known as riboflavin). Vitamin B2 was con-
firmed by comparing with reference standard, and as it mainly
existed in animal foods, it can be a potential marker to differ-

entiate the fermented products *°.
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Fig. 5 MS/MS spectra, proposed structures and fragmentation pathways for four dipeptide isomers Leu/lIle-Ser (25 and 29),

Thr-Val (34) and Ser-Leu/Ile (58)

Conclusion

In the present work, a strategy was proposed to profile
the components of aqueous extract of C. sinensis. A po-
lar-modified C;g column was adopted to characterize the
components within 8 min, focusing on the polar compounds.
The chemical basis was deeply explored in both targeted and
untargeted manners. The targeted screening method offered
13 more trace nucleosides and nucleobases identified. The
high resolution data of both precursor ions and product ions
sharply augment the structural information. With all these

®

efforts, 91 compounds were characterized and identified,
including 30 nucleosides and nucleobases, 18 amino acids
and derivatives, and 39 dipeptides. To the best of our knowl-
edge, this was the first report unveiling the chemical basis of
the aqueous extract of C. sinensis, which also laid a solid
foundation for effect mechanism exploration and quality con-
trol of different sources of C. sinensis samples.
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