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High Resolution LC-MS
Data Output and Analysis
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+MaSS Spectrometer

1. Breaks up constituents into molecular ions and
other fragments

2. The lons are separated according to their
mass-to-charge ratio (m/z)

3. Measures masses




Jrl\/lass Spectrometer

4. Structural information on metabolite
* fragmentation pattern
* accurate mass



J%Alternative lonization Modes

*Atmospheric Pressure lonization (API), in LC-MS

 Electrospray lonisation (ESI): polar and semi-polar

« Atmospheric Pressure Chemical lonization (APCI): less
polar

lipids : »water
polarity of analyte molecule




jLPositive or Negative Modes?

The formation of positive or negative ions depends on the sign of the
applied electrical field

ES+: (M+H)*

Good ionization of basic compounds (get proton)
E.g. amino, amide, ester, aldehyde/keto functional groups (formic acid in
sample solution to help ionize)

ES-: (M-H)

Acidic Compounds (give proton) E.g. organic acids, containing OH
(ammonium buffer in sample solution to help ionize)




Mass Analyzers

n Cyclotron
(FT-ICR-MS)

e 7ime of Flight
(TOF)

e Magnetic Sector

e Quadrupole lon Trap

e Quadrupole



Mass Analyzers

+

e lon Cyclotron
(FT-ICR-MS)

e 7ime of Flight
(TOF)

e Magnetic Sector
e Quadrupole lon Trap

e Quadrupole

Mass
Accuracy

<Ilppm

3-10ppm

2-5ppm

n/a

n/a



LC-PDA-QTOF-MS of a Tomato Sample
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Spectra Obtained at Each Scan

llana wttomrp 7

MOS9E1 1453 (24 .300) 3. Diode Array
211.5740 4.024e-1

4.0e-1 PDA-sample
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Extracted chromatogram of a Specific lon

llana wttomrp 7

Extracted chromatogram
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LC/UV/MS Chromatograms of Standard’s Mixture
(UV at 240nm, ES+ and ES-)

MixAllStand_b1 3: Diode Array
Range: 1.11

uv

1 — Chlorogenic acid
2 — Caffeic acid
M‘XAHSI;.E?M 2.00 2.50 X . A . 5001O 5.50 6.00 6.15:0TOF e E%E 3 _ Rutin
s-w'\ 11804 4 — p-Coumaric
4 5 — Quercetin-3-glucoside
s % MS (+)  6-Ferulicacid
3 4as0 385371 7 — Sinapic acid
8 — Benzoic acid
9 — Morin (Internal Standard)
10 — Tomatin
" _ 11 — Quercetin
: 12 — Cinnamic acid
13 — Naringenin Chalcone
14 — Naringenin
15 — Kaempferol

0.




In the Spectra: Molecular Ion

- An unfragmented (parent) ion formed by
loss or gain of an proton from a molecule

- Has the same mass as the metabolite being

analyzed (+ H or - H)
The Molecular lon

1241 (24 448) 1: TOF M3 ES+

100 511.1143 3 4084

A7A475 3n3 0513 465.1017 1221 “W 12742318

1000 1200 1400



Chromatogram and Spectrum of Morin

Standard Mix
IL_MixALLSTandards2n 514 (3.417)

100 301.0346

[M-H]-

MixdlIStand_a2 533 (5.466)

100

1915132

200 225 240

Chromatograms Spectra's
INn ES(+) & ES(-) modes in ES(+) & ES(-) modes



Adduct Formation in Spectra (Na)

Standard Mix

MixAllStand_a2 321 (3.290) 1. TOF M35 ES+
1004 B33.1331 284

[M+Na]*
C,7H300.6Na

Co7H31046
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B11.1566

Na (22)
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S5

Typical Adducts formed in LCMS

+

Adducts lon Source of Adduct | Mass of Adduct lon

[ M+CH,COO | Acetic acid M+59

[ M+CI ]~ Chlorinated solvent M+35

[ M+NH, ] * Ammonia M+18

[ M+Na]” Sodium Salt M+23

[ M+K]* Potassium Salt M+39

[ M+CH,CNH " Acetonitrile M+42
[ M+CH,OHH " Methanol \VEXK
[ M+H,0]* Water M+19




Isotopes in Spectra (*3C)

Standard Mix

MixAllStand_a2 321 (3.290) 1. TOF M35 ES+
1004 B33.1331 284

RUtln C27H30016 [M+Na]*

Co7H300,6Na
| 13C (little from other isotopes/H, O)

Co7H31046
[M+H]*

B11.1566

AN

B34, 1445

N\

B12. 1622
e
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5131693
I
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AN @ o D O DTODE NE -

Atomic Masses and Abundances for a Subset of Naturally Occurring
Biologically Relevant Isotopes
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An example of how isotopes can aid
_'_in peak identification

1k
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|
-
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E
1k
[

(5118rCHS mfz = 96

massicharge (m/z)

The ratio of peaks containing 7° Br and its isotope 81 Br
(100/98) confirms the presence of bromine in the
compound.



Fragments of a Metabolite In Spectra

Standard Mix
MixallStand_a2 321 (3.290)

MS spectrum of Rutin in ES(+)

Quercetin

X

100+

303.0456

Rhamnose

Glucose (162) 4851034

3260562

"“W/r\r"\"g Glucose [l\/|+H]+

Rhamnose (146)

1. TOF W5 ES+

B33.1331 594

B11.1566
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B34, 1445

B35.1435

- L-325.5571 466, 1035
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JrSpectra Components

m Molecular lon

m Fragments of Metabolite

m Adducts (from solvent or di-tri-mers)
m Isotopes



Spectrum of Quercetin Trisaccharide

(a Rutin Derivative)

100 i loss of pentose residue ! 765'1:/1'?'_ I\‘l/ Wﬁ
| 74319 -611.16 = 132.03 | | al . Jj: Rutin
--------------------- v ey
\ " n o owf
\ 743.1995 A
v [M+H] + sugar
Quercetin \ v soectra of Ru
Spectra or Rutin
303.0515 ' gy .
Y and Quercetin Trisaccharide
\\ . -

R \

S | \ /

\
\\ 766.1797
469.1320 Rutin \\
391.1980 611.1645 | ' s o
470.1434
76.0834 p13.1899 827'135322 1354 1133.4736
H'H".v"'vH'v'u'1'111"1147'1111.'11217:’-1(11'11H«"M’KJH-H'HH'««W1“.11 m/Z
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ass Accuracy and Structure Elucidation

i

2 Elemental Compositio
File Edit ¢ Pre ) File Edit

=1} =
Single Mass Analysis (displaying only valid results) ysis (displaying only valid results)
T il / DEE: min= , M i8] Omba [/ DBE: min= 1 0
d filte s
Monoisotopic Mass, Even Electron lons Monoisotopic Mass, Even Electron lons
136 formulafe] evaluated with 1 results within limits [up to 10 best isotopic matches for each mass] 136 formula(e] evaluated with 44 results within limits [up to 10 best isotopic matches for each mass]

ITITTITITITITITITT

High mass accuracy w e Low mass accuracy
(1 mDa) (100 mDa)

E10.0 f14 0 610.0

For Heln, pr 1 For Help, pri 1



Mass Accuracy and Structure Elucidation

C
C
C
C
C
C
C
C
C
C
Cc
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO

4 Sinoacutin (-)-form,
4 Salutaridini (+)-form,
4 Tembamid (+)-form,
4 1,2,3,9-Tet (R)-form,
4 Corytuberir (S)-form,
4 Cularidine; (S)-form,
4 |socorytube (S)-form,
4 Liriotulipife (S)-form,
4 1,2,3,9-Tet (S)-form,
4 Tyrosine; (S)-form,

N-De-Me
N-De-Me

Ac

2,3-Di-Me ether
N-De-Me
N-De-Me
N-De-Me
N-De-Me
1,2-Di-Me ether

N-Benzoyl, Et ester

4 Erythrinine. 11-Epimer

19 NO~4 Erysodine; 11-Oxo
19 NO—4 Erysovine; 11-Oxo

19 NO-
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO
19 NO

4 Erythratine 2-Ketone
4 14-Hydrox\ 6-Ketone

4 4,6,7-Trihy 7-(3-Methy 4,6-di-Me ether

4 Caranine; Ac

4 4-(2-Aminc N-(4-Hydroxy-3-methoxycinnamoyl)

4 Pallidine;
4 Pachyconfi N-Oxide

N-De-Me

4 Haplopine; O-(3-Methyl-2-butenyl)
4 Isohaplopir O-(3-Methyl-2-butenyl)

4 Artavenustine

4 Celtisine

4 Cephalotaxinone

4 Claviculine

4 Culacorine

4 Erysodienone

4 Erythrinine

4 N-Feruloyltyramine
4 Flavinine

4 Glaufine

4 Hernovine

4 |socephalotaxinone
4 Krepowine

4 Laurelliptine

Selected natural compounds
with formula C,gH,,NO
(monoisotopic mass
313.1314 Da)



Performing MS-MS: MS-MS of m/z 435 at different collision energies

POGO07T 408 (33.479) 2. TOF M3Ms 435 13E5+
183.0216 180

100+ 2730738 CE=30 eV

147.0477
.

e

I,_II 89,0505

.

MOGOOT 407 (33 .469) 2 TOF MSMS 435 153E5+

100- 273.0741 CE=15 eV 566

" A/

153.0157 435.?31D

.

POG007T 406 (33.460) 20 TOF MsMs 435 153E5+

100~ CE=10 eV 4351230 310

2730725 \

0 L L L B L L L L L LN UL LN BN LN LN LN L L L L

[m]
"6-\.\_\_

POGO0T 413 (33.523) CE 5 20 TOF MsMs 435 13E5+
=5 eV
100+ 43512493 119

el




Output Data For High Res. LC-MS Based
Metabolomics

Nominal Accurate

_scan .t (umin) mass area mass __ Accumass.database calc mass ppm
112 2166433 147 1277 147.0767 glutamine 147.0764
115 2218350 138 652 138.0544 TRIGONELLINE 138.0550
121 2339467 133 117  133.0627 ASPARAGINE 133.0608
123 2374533 284 100 284.0990 guanosine 284.0989
124 2391750 182 113  182.0839 TYROSINE 182.0812
124 2391750 132 64 132.1047 LEUCINE 132.1019
125 2409000 148 2730 148.0590 GLUTAMIC-ACID 148.0604
125 2409000 150 85 150.0631 METHIONINE 150.0583
128 2477900 343 75 343.1250 SUCROSE 343.1235
128 2477900 134 434  134.0460 ASPARTIC-ACID 134.0448
133 2564183 304 22 304.1520 NICOTIANAMINE 304.1503
170 3273917 193 2774 193.0352 CITRIC-ACID 193.0343
170 3273917 245 575 2450794 uridine 2450768
171 3291367 308 595 308.0946 glutathione 308.0916
172 3326083 268 1583 268.1056 ADENOSINE 268.1040
172 3326083 182 272 182.0827 TYROSINE 182.0812
174 3360967 132 111 132.1022 LEUCINE 132.1019
243 4672433 166 145 166.0883 PHENYLALANINE 166.0863
244 4706900 118 155 118.0663 PHENYLACETONITRILE 118.0651
404 7771017 146 417 146.0615 1H-Indole-3-carboxaldehyde, 9CI 146.0600
634 12210317 265 119 265.1470 ABSCISIC-ACID 265.1434
70713614350 147 97 147.0448 _ coumarin 147.0441
1107 21309401 465 1031 465.1039  quercetin-glucoside (quercitrin) 465.1028
1107 21309401 743 502 743.2054 g-trisaccharide 743.2029
1107 21309401 303 1151--303.0510 Quercetin 303.0499
611 5686111642 Quercetin 3-Q-rutinoside (rutin) 611,1607
23333666 303 3323 303.0482  Quercetin 303.0499
23333666 611 806 611.1646  Quercetin 3-O-rutinoside (rutin) 611.1607
23557133 449 199 449.1092 QUERCETIN-3-O-RHAMNOSIDE 449.1078
23591383 595 111 595.1677 Kaempferol-3-O-rutinoside 595.1657




Software for comparing full-scan datasets

MetAlign method

£ metAlign = PRI program for full scan M5 comparison; License expires on Wed Apr 12 11:00:44 2006 Version 220805
PART A PROGRAM CONFIGURATION, DATA SET SELECTION AND BASELINE CORRECTION
BASELINE AND NOISE ELIMINATION PARAMETERS
4. Retention Begin (Scan nr) 7. Peak Slope Factor (x Noise)

1. Program configuration ”

SELECT INPUT DATA SETS

24, Group 1: List of Data Sats || 2B, Select || Clear H 5. Retention End (Scan nr) 2450 B. Pesk Threshold Factor (x Noise) Peak p I C kl n g
and / or 6. Maximum Amplituce 30000 9. Average Peak Width at Half Height (Scans)

3A. Group 2: List of Data Sets || 3B. Select || Clear H

I~ 10. Keep Peak Shape (no alignment) 11. Fun Bagsline Correction

PART B: SCALING ANMD ALIGNING DATA SETS
12 SCALING OFTIONS 13 INITIAL PEAK SEARCH CRITERIA 14 TUNING ALIGNMENT OFTIONS AND CRITERIA SELECT MIN. NR. PER PEAK SET

« Mo Scaling Soan N M. Shif " Mo Pre-align Processing (Rough) 18. Group 1: max.=3

ar

" Autoscaling on Total Signal = Pre-align Processing (fterative,
Begin of 15t Region Y 8l ) 19, Group 2: max.=3

" Scale on Marker Peak Calculation Criteria for Chromatagraphy Shift Profiles

End of 1st Region (2450 “ E
et s Bt Stet, G 1 - - 15. Maxirmum Shift per 100 Scans - 20, Fun Sealing and Alignment I g n m e n
|:| Begin of 2nd Region D El Mass Peak Selaction 1stlteration  Last lteration

HNaominal Mass

16. Min. Factar (xNoiss) |10 & 21. Detailed Ascil Output
End of 2nd Region E EI Excel Compatible Output
17. Min. Wr. of Masses Differential Retention Display

Scan MNr.

PART C:  PEAK SELECTION AND EXPORT TO MS SOFTWARE FORMAT FOR WISUALISATION
26, FILTER ON CONDITION
&+ Group 2 > Group 1 " Group 1> Group 2

TOTAL FROCESSING
FEAK SELECTION CRITERIA

22 Significance Percentage 29. Total Processing H

27. Bun Pegk Selection

23. Minimum Platio between Means StatIStI CS

24, Minimurm S/M Ratio 28. Detailed Ascii Output
Excel Compatible Output
hasshynx Include List Output

30. Sawve and Exit H

I~ 25 Eitherin Gr. 1 ar Gr. 2: »= I:lMasses,-’Compound




Software for comparing full-scan datasets

MarkerLynx method
_[Markerly

r

ES MarkerLynx Method Editor - llana-UPLC-110406.mim
File View Help

j ﬁ H o T - _‘»l, Property Yalue
Function 1

Method Tnitial Retention Time 0.65
Method Parameters Final Retention Time 7.00
[=|Internal Standards Low Mass .00
Int 5td High Mass 0,00
[+]Metaholites Mass Tolerance 002
[+] adducts { +ve ) Mass Tolerance Absolute? V] vES
[+]adducts { -ve ) Use relative retention time? | MO

[+]Mass exclusion list [=]&pex Track Peak Parameters
Peak Width at 5% Height (seconds) %] 12,00

Peak-to-Peak Baseline Moise | 20,00
[=]collection Parameters
Masses per retention time 20
Minimurm intensity (a5 a percentage of the BPT)
Mazs window
Reetention time window
Maise efimination level
Deisobope data?




Out-put from the MarkerLynx (Waters) Program :
Analyses of Wild-Type Tomato Peel (Different Stages of Development; ES+)

> MarkerLynx - untitled * @

Sampljs
>

Processed

Markers
Detected

TIC of currently Response of a
selected sample marker across
all samples
| Markers
Principle | B responsible
Components for clustering
Analysis N

ML



4~A Case Study in Tomato

v ®O® ‘

Small Middle Big Breaker Orange
Green Green Green




Sample Preparation for Tomato
{fruit Metabolome Analysis

Harvesting tomato fruit at different developmental stages

-

Separation of peel and flesh tissues

Immediate freezing in liquid nitrogen

-

Grinding to fine powder

-

Weighing frozen samples

-

Extraction in 100% MeOH by vortexing and sonication

-

Analyzing with UPLC-MS [ ES (+) and ES (-) ]



Experimental Set-Up for LC-MS Analysis:
‘ PEEL and FLESH during tomato fruit development

S S+
Flesh = > Flesh <E
Green ES ES
stage \ \
Peel — Peel — =
S+
Flesh <E - ___—ES+
Orange = ~——EsS
stage \
——ESt \ ES+
Peel — ks Peel —



UPLC-Q-Tof-MS Analysis of Four
Stages of Tomato Fruit Developmen

Tom_24_WTa7 3: Diode Array
1.5, 0805 3 Range: 4.306 Tom_24_WTa7 1: TOF MS ES+

TIC
1007 5.00e4

7150 0-841 09 6.01
0.70 181 549 423 517 Red
’ 378 % 8.33 —

8.00 LRSS AR ARSAL AR LRSS AR AN AR RN AR RASAY]
3: Diode Array 1.00 2.00 i 2 . i 7.00 8.00 9.00
Range: 6.418 _22_WTab 1: TOF MS ES+
TIC
5.00e4

085 6 © Orange

1.00
181240 326378 423

1.0

Orange

0.7

T T T
3: Diode Array 1.00 9.00
Range: 2.955 _20_WTa5 1: TOF MS ES+

Breaker

2.26 2.91 4.95
1.02 368 413
A
T T T T

2.00 4.00 6.00 .
Tom_18_WTa4 3: Diode Array

0.80 Range: 3.2 - 1: TOF MS ETSIE

5.00e4

Green

4.95 1L
: 6.13 7.387.69
J[\_J?_,,Z-ﬁld\ 8 6.51 7.94
T T T T T
6.00 8.00

Green

Time

4.00

UV (240 nm) MS (ES(+),TIC)




Out-put from the MarkerLynx (Waters) Program :
Analyses of Wild-Type Tomato Peel (Different Stages of Development; ES+)

!

WL P AT S

min




A‘ieel—Flesh Profiles During Fruit Development

Orahg_é peel

Component 2

02004 Green-flesh

Comp. 1



Wild-type Tomato Peel, Different Developmental Stages

NO CHANGE

3.27
42

Breaker

3.00 4.00

Tomatine Rutin & Quercetin trisacharide Naringenin chalcone




Tomato (var. Ailsa Craig) and the Mutant “Y”,
at different ripening stages

Green Breaker = Orange

goo s
¢bod - ..

of Mutant “Y” and Wild-type




Biosynthesis of Naringenin Chalcone In
the Flavonoid Pathway

+ Phenylalanine

Cinnamate

Lignins,
Coumarate ...................... Coumarlns

Chlorogenlc -acid

Coumaroyl - CoA
Chalcone synthase (CHS)

\ Anthocyanines

_ .............................. o FIaVOnOls -
Condensed tannins




Experimental Set-Up for LC-MS Analysis:

BEEL and FLESH during “Y” fruit development

S+
Flesh I
uYn \ES_
Green \ o
+
stage peel =
TT—ES
___—ES+
Flesh
Y TT—ES-
Orange
stage \ _-ESt
Peel
TT—ES

___ES+
T—ES-

\ /ES+

Peel
TT—ES-

Flesh

_ES+
—ES-

\ /ES+

Peel
TT—ES-

Flesh



HPLC-QTOF-MS (Ultima-PRI) -
+Wi|d Type and “Y” Peels

1st principal component (X axis) - develdpmental stage (47.1%)
2"d principal component (Y axis) — mutation (9.4%)
WT-Orange All breaker

WT-
Red

All green
“Y”-Orange

“Y”-Red




T

UV and MS Chromatograms of Red
mato Peel (Wild Type and Mutant *“

Tom_56_WTal5

0.84 Tom_56_WTal5

Mutant “Y”

5.18

8.02

7.95. )J\ .
“,mf‘w‘ M'A“w\!
> \

3.78 404 4.98

4.86. [\ 527575
jL Wk

N NN D lopinton, o

Tom_8_WTa3

101

0.85

Wild Type

1.09 1.81

241 328 362377
N

423 4.98
| 294 )\ f\
Wiy, J‘W« W o MWJ U

UV (240 nm)

Mutant “Y”

2.91
1.90.2:04.2.20

2.90
1,02 203 233
( U

L

MS (ES(+),TIC)

-
7.00 8.00 9.00

Time




The Yellow Pigment Absent in the “Y”
Mutant Fruit Peel is Naringenin Chalcone

1: TOF MS ES
Tom787WTa3 1: TOF MS ES+ 273.0797 2.35;1

TIC
109 1.37e4

Tomato peel Tomato peel

274.0554

275.062,
147.0500 {357.0263

) 583.1375%29.0711  855.1465 987.4974  1151.2333
e ot et i DR 0TI OO0, LS 2874974 1151

LR A R R C e ) KA RS RS AR ERAS EAARE REARS AR EAREA AR RAR AR
570 580 590 6.00 6.10 6.20 6.30 6.40
MixAllStand_b1 1: TOF MS ES+
6.02 14 TIC

13 8.16e3
6.106.15 .

1: TOF MS ES+
7.90e3

6.416.46

Standard’s mixture | 20617 Naringenin Chalcone Standard

] 153.0202 357.0297 583.13209512269 8o 1419 1011.2708060.0111
T T T T T T T T T T T e Time BAaRNRRRSTRRaERREARS T i i T T T T f [T (EAARNRERRNRRERN RARRREARRR RN 01]
570 580 590 600 610 620 6.30 6.40 100 200 300 400 500 600 700 800 900 1000 1100

/z

AN

12 — Cinnamic acid

13 — Naringenin Chalcone
14 — Naringenin

15 — Kaempferol




Unknown Mass peak (RT=3.51 min)
Detected Only in Wild Type

+

Tom_72_WTal9

10 300
<
744 839

2.00
Tom_56_WTal5

2.00
Tom_24 WTa7

1: TOF MS ES+
621.1

8.00
1: TOF MS ES+
621.1
300

159786840

8.00
1: TOF MS ES+
621.1
300

8.00
1: TOF MS ES+
621.1
300

750 839

8.00
1: TOF MS ES+
621.1
300

Time

Mutant “Y”

Mutant “Y”

Wild Type

Wild Type

Wild Type

DU NERS
chromatogram at
m/z 621.1 Da



Unknown Mass peak Detected In
Higher Levels in “Y”

Tom_72_WTal9
101

Mut. “Y” u Extracted mass

1.80 1.85 1.90 1.95

R chromatogram at
Mut. Y } A m/z 265.1 Da

1.80 1.85 1.90 1.95
Tom_40_WTall

10

Wild-type =

1.80 1.85 1.90 1.95 2.00 2.05
Tom_24 WTa7

10
Wild type } 200
11

1.80 1.85 1.90 1.95 2.00 2.05 2.10 2.15
Tom_8_WTa3

10

Wild type  as




In-depth Analysis of Red Tomato Peel (ES+)
_Mild—type vs. the “Y” Mutant

‘T MarkerLynx - Tom red_peelz mds r:]ﬁ

MarkerLynx T
Differential Markers &

v

- Filtering out non-replicated data

- ldentifying molecular ions, isotopes, adducts,
fragments and passing from Markers to Metabolites

- Analysis of differential metabolites and identification



What are the Differentially Expressed
Metabolites between WT and “Y” ?

_N,

Peak assignment by:

- Accurate mass and elemental composition
(MassLynx and natural products database)

- MS-MS fragmentation

- UV spectrum

- Literature

- UV & MS spectra databases

(e.g. for tomato in PRI)




Differential Metabolites between the "Y" and
qu Type Peel UPLC-QTOF-MS in ES- Mode

Differential metabolites (ES-)

WT>"Y" | "Y">WT
only 10 11
O only 12 16
Both © & O 26 4
Total 48 31




Differential Metabolites between the "Y" and
WJNQ Type Peel UPLC-QTOF-MS in ES+ Mode

Differential metabolites (ES+)

WT >"Y" "Y' > WT
only 3 2

O only 0 2

Both © & O 16 8

Total 19 12




What are the Differentially Expressed
Metabolites between WT and “Y” ?

+

Most mass peaks showing higher levels
In WT than In the *“Y” mutant are
derivatives of Naringenin Chalcone or
Naringenin.



Biosynthesis of Naringenin Chalcone
In the Flavonoid Pathway

‘\‘ Phenylalanine

Cinnamate
Lignins,
Coumarate ...................... COumarlnS
Chlorogenlc -acid
Coumaroyl - CoA
Chalcone synthase (CHS)
-~ 'Naringenin chalcone
< \ Anthocyanines
_ .............................. o FIaVOnOls -
~ Condensed tannins

Isomers (identical mass)



Hydroxylated Naringenin &
aringenin- Chalcone

M05983 HPLC_QTOF 1: TOF MS ES+

- 289.07 0.05Da
100 ] 875

“Y”

26.52
11270.5037
o AN

L S L B L B B L B L L B BN I
27.50 30.00 32.50 35.00 37.50 40.00 42.50

M05982 1: TOF MS ES+
100 37.05 289.07 0.05Da

| WT 289.0717 ’l 875

7 35.79 ’

289.0709
|
28.34
29.95
580.7736 949 2509 42.64
M\ 273.0382

A T S ™ Time

L S I L L L L L B B B A LA BN
27.50 30.00 32.50 35.00 37.50 40.00 42.50




UV Spectra of Differential Peaks
j&35.7 min. and 37.05 min.)

Naringenin
Chalcone

(36.900) Cm (2209-(2223+2196)) 3: Diode Array
~_211.5740 5.444e-3

376.5740 Peak at
37.05 min

O e e e M
250 300 350 400 450 500 550 600




Spectra of differential compounds at RT=35.79 min and 37.05 min

1. TOF M3 ES+

RT=35.79 min

1. TOF M5 ES+

OFE
[m R

RT=37.05 min

~290.0761

851.7471

1000 200 1400



JrElementaI

Composition (289.0712)

’ "% Elemental Composition @1

Single Mass Analysis
Tolerance = 200 FPM F DEE: min=-1.5, max=50.0

lsotope cluster p

arameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, Odd and Even Electron lons

a1 formulale) evaluated with 1 results within limits (up to 45 close

mm

59,0712 59,0712

Elemental com
Elemental com

0.0 0.0 1': H1

position: C,:H,,0, for neutral compound
position of Naringenin: C;:H,,0¢

Difference: OF

group instead of H



Suggested Metabolite

290.0741
/

271.0564

100 125 150 175 200 225 250 275 300 325

-. MS-MS fragmentation
Eriodictyol (C15H1206) of m/z 289.0717

Main fragmentations in reference:
. J. M. S. 247 (2005) 93-100




Naringenin and Naringenin Chalcone
Glycosides

HPLC-

llana Y-tom rp 55
M05983

28.72
1920.2811
30.00
M05982

28.72

435.127
30.53

517.1318

29.22
565.7620

“Y”

32.79
457.2086

32.00
1: TOF MS ES+

435.12 0.10Da
1.41e3
33.42
32.80 ':")4287610



UV Spectra of Peak at 32.8 min.
Jrand Naringenin Chalcone

MO5982 2544 (42.483) Cm (2544-(2562+2526))
366.6

0.0

M05982 1954 (32.650) Cm (1954-(1965+1944))
4 .211.6 366.6

' 250 300 350 400 450 500 550 600




MS spectra at RT=28, 30 32 and 33 min

llana wt-tom rp 23

98 [

+ RT=28.7 min

For MS-MS

Exact mass of RT=32.8 min
435.1273 shows

elemental | 158.9842 BB | e10.2883 9025005 10345470 4495 £796
composition of saoan
C21"'22010 RT=33.4 min

1000 1200 1400




MS-MS Fragmentation of m/z 435.12 for
jLPeak at RT=32.8

Peak at 32.8

153.0214
\ 1540275

Naringenin

Chalcone
273.0735

Hexose (m/z 162)

274.07/69
275.0669

Naringenin

Chalcone-hexose
435.1260

436.1255

437.1289
/ - mz

100

1502(])2503(1)3504(1)450




Mass Peak at RT=43.40min (>WT)

MS spectra at RT=43.40min

ectrum - [M05982,M05983 ]
File Edit Display Process Wirdow Help
B AR GREBRLOQ@ABRD QAQA & « » B

Tools

llana wt-tom rp 23

MOS9E3 2204 (43.593)
1004

Mut

10929674

1092.7180

874.7657
391283 #2204 gsg3em] |
U U U

155.9625
(1R vy

1093.2184

1093.7202

1053.9730

1054.2236
11359972

1136.4991
1137.0067

1. TOF M5 ES+
3.69e3

1457 B326

MO5952 2203 (43.381)
1004

WT

1092.9695

1092.7186

303.0872
874.7666

1093,

1
2174

10934677

1093.7195

1093.9712

109422358

1136.2517
1136.45979

1136.9923

040904 8152624 goggrn ||

P TOF M3 ES+
J.62e3

1457.3022

Va0 eoo g00 1000

1200

T [T1Z
1400

Selected Mass
Chromatogram
m/z 303.08 Da

1. TOF M5 ES+
303.08 0.03Da
593

e

0595
1004

i

4519
1193

L B

2

43.40 |
1053

44,00

Wt

44 B3 4525
1053 1193
s s

4600

1. TOF M3 ES+
303.058 0.030a
593

L
LI B e s s e

46.00

e Time

TIC chromatogram

0

1004

MO5983
100+

1. TOF MS ES+
TIC
1.17e5

43.89
1093

Mut

4300
MO5952

0

4600 47.00
1. TOF M3 ES+

WT

4400 4500
43.60_

1093 1.17e5

e Time
43.00

44.00 45.00 46.00 47.00




Methyl ether of Hydroxylated Naringenin
and Naringenin Chalcone

‘9 Elemental ﬂumpusitinn Peaks at 43.4 min and 44.06 min @@1

Fil=  Edit Yiew

r

o
Single Mass Analysis
Tolerance = 10.0 PFM / DBE: min=-1.5, max = 50.0

lsotope cluster parameters: Separation = 1.0 Abundance = 1.0%

Monoisotopic Mass, O0dd and Even Electron lons
af formulafe) evaluated with 1 results within limits (up to 45 closest results for ¢

| c |l H ol

16 15 &

- Calculated formula is C,;H,,04 based on exact mass

- Proposed structure for the peak at 43.4 min: Hesperetin or a B-ring
positional isomer



MS-MS Fragmentation of m/z 303.08 (43.4 min.)

llanawt-tomrp 23 msns
MDBOO7 505 (43.325) Om (505:506)

100

10 120 140 160 180 200 20 240




Proposed Scheme of Naringenin & Naringenin Chalcone

Hydroxylation, Methylation and Glycosylation

OH OH OH
OH ‘
HO OH HO (0] (@)
oo™ oY g
OH
OH

OH O OH O

OH O
Naringenin Chalcone Naringenin
OH OH
OH OH
HO. OH O HO (o) O
) L
OH O OH O
OH OH
OMe OMe
HO OH ‘ HO o O
L) O



Biosynthesis of Naringenin Chalcone
In the Flavonoid Pathway

‘N’ Phenylalanine

Cinnamate

Lignins,
Coumarate ...................... Coumarlns

Chlorogenlc -acid

Coumaroyl - CoA
Chalcone synthase (CHS)

\ Anthocyanines

_ .............................. o FIaVOnOls -
Condensed tannins




