Following pathways with
isotopes

Stephen Barnes

Fluxomics

* A feature of many metabolites is that they have
multiple origins
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Stable isotope resolved metabolomics
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Ideal metabolism of glucose
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Effect of selenite on pools of
intermediates
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Pyruvate carboxylase converts pyruvate to oxaloacetate and by-passes the early steps
in the Krebs cycle. Treatment of the cells with selenite blocks this step and the 3C-
content of citrate sharply decreases Fan et al. 2013
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Anaplerotic reactions
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Use of 1H-13C-NMR
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Biological NMR

* If 13C-labeled precursors are used, there is a very
much enhanced set of 13C NMR resonances

* You have a choice between analysis of a biological
extract (have all the time you need)

* And direct analysis in tissue:
* Surface coil technology in the living animal
* Magic Angle Spinning on a piece of tissue

NMR analysis of metabolites from 13C-labeled
precursors using pulse sequences
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Carbonyl derivatization reagents
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Thiol derivatization reagents
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Thiol metabolites in A459 cell extract

, unreacted
QDE
1.5
¥
(=]
2 QDE-Cys QDE-GSH
: < )
= 1
c
=]
(=]
o
_5 QDE-Cys-Gly
0.5- N
0—,u_m.|_ui —— W “ ..ll —ul .
305 405 505 605 705 805 905

m/z Gori et al., 2014

I5N-labeled derivatization
reagent

CHs-[CHZ)ID\ :f-/\/ OISNH
2
/\

,O-R'
2 15N
j)L NH‘/'JJ\‘\SJNH
H “CHR  H,'N-O-R H™ CHyR
(15N-QDA) aldoxime
O D20 15N /O_R'

Iy
'R”™ "CH,-R?
ketoxime

Lane et al., 2014

3/6/2017

10



Pyr
“N QDA standards I5N-NMR of derivatized
metabolites
Sugar aldehydes
DHAB (t 1D-HSQC spectrum of stds
Sugar OAA

8 7 6 5'4 3 3 1
“N QDA A549 CD,0D 1D-HSQC spectrum of polar
extract of A549 cells

)

-
™ AocH,

AO Me

1D-presat spectrum of A549 cells

9 8 i 6 5 4 3 2 1 Lane et al., 2014
'H chemical shift/ppm

2D-'H, °N-NMR of standards

Long range 'H{"°N} HSQC

1 Ketone adducts
L
340 o
' '
= 3501 .
S Aldehyde adducts
@ 360
3 ! ;
o \ '
) ‘ M . '
— 370 LA .
w ] N
3, ' ¢
n L}
380 . 1
. .I
390 . '
8 7 6 5 4 3 2 1
'H chemical shift/ppm Lane et al., 2014

3/6/2017

11



2D-'H, >’ N-NMR of A459 cell extract
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