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Why SOPs are so important?

The preservation of the chemical composition (in terms
of both nature and concentration of metabolites) of the
“original” metabolome of a sample during the entire
workflow that ends with metabolomic analysis
represents a key factor in ensuring highly accurate and
reproducible results.



Preservation of the original metabolome

Both phases comprise several steps that may influence
the composition of the sample metabolome.

Degradation occurs along all steps (that inevitably occur
prior to the actual laboratory analysis, starting from
sample collection, to sample stabilization, transport, and
storage

pre-analytical phase i @

Sample storage

i | & Bl 3

Sample collection Sample Sample

Contaminations
Enzymatic reactions

transportation processing .
A HH F; Redox reactions
A . ..

Sample Instrumental

PIEpaFHon analysis Validated and detailed procedures are required to reduce
analytical phase chemical changes in the metabolome as far as possible.
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Evidenced-based SOPs

BLOOD SERUM / PLASMA URINE
Collection Site Biomedical Lab / Biobank — Collection Site Biomedical Lab / Biobank
Mnformation oft the danor Biood sumple processing LB.J Information on the donor Urine sample processing
Donor ID, relevant SERUM: allow the
lifestyle factors, blood to clot in an f:f:';“l?fﬁ':r“:“t Cent;":gati;m (1020
assumption of drugs upright position from ty ¥ 9 too N0 g 2’ i
etc.. 30-60 min at RT. assumption of drugs at2’ Cto8° C)
Centrifugation at 1500 stc.. fglj"%wed bztmtfffaftlil‘tm
Selection of collection tube 4 foe10 oun st RE- ' . {020 Gin:out-of Piter):
PLASMA: Selection of containers
For serum use centrifugation at 820 g
anticoagulant free Transport and for 10 min at4° C. Avoid containers with Long-term storage
tubes. storage Transfer additives. Transport and requirements
For plasma use tubes _ storage Transfer
with anticoagulant Keep the whole blood ~ Long-term storage Keep the aliquot(s) ) Aliquot the processed
(preferred EDTA, “aripls sURT fox n requirements at<-70° C. Urine collection Koy the Whole sitkos sample into cryo-vials. Keep the aliquot(s)
avoid heparin). Y . <.70° C. at<-70° C.
Avoid tu:es vzith other ERRNONNILOL 20 IR Aliquot the processed Collect the first sample refrigerated at Storage at <-70° C
additives. sample into cryo-vials. midstream urine of the 2° Cto8° Cfora
Storage at < -70° C. morning after a maximum of 2 h.
Blood collecti minimum of 8 hours
ood collection fasting.
Collect blood after a Specify, if collected at
minimum of 8 hours different times, or for
fasting. 24 hour collection .
Specify, if collected at
different times or .
under non-fasting Information on the sample
conditions. Time and date of urine
collection.

Information on the sample

Time and date of
blood collection.



Blood- Critical steps along the preanalytical phase

. Blood collection

Selection of the

 ppropriate Factors influencing the stability of blood serum/plasma
profiles over time:

l° Presence of cells

. Blood processing
SERUM PLASMA

Clot +
Centrifugation Centrifugation

l Oxidation reactions
Ve

l l Sample Storage



Selection of the appropriate
collection tube

Avoid additives that could make
difficult metabolite observation

Ficoll 4




Presence of cells. Critical step-T1

Cellular activity- main source of changes.
The processing should be initiated within 30 min after the blood
collection in order to minimize these alterations.
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V. Ghini, et al. N Biotechnol. NMR for sample quality assessment in metabolomics 2019;52:25-34. doi: 10.1016/j.nbt.2019.04.004.




Oxidation reactions. Critical step-T2

After blood processing, the sources of variation are attributable to oxidation reactions
occurring under aerobic conditions that cause concentration changes of metabolites
such as proline, citrate and lipoproteins

J/f | 12nesc

Citrate

2.585 2.575 2.565 2.555 2.545 2.535 2.525
1H (ppm)

Serum sample maintained at 4°C for 0, 4, 8 and 12 h after processing.
Freezing at -80°C immediately after serum obtainment is sufficient to quench this effect.

V. Ghini, et al. N Biotechnol. NMR for sample quality assessment in metabolomics 2019;52:25-34. doi: 10.1016/j.nbt.2019.04.004.



Long term storage at -80° C

A Citrate levels over time (12 h)at4°C B Long-term st

orage at -80° C
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T0; 4h; 8h; The metabolic phenotype of urine samples

V. Ghini, et al. N Biotechnol. NMR for sample quality assessment in metabolomics 2019;52:25-34. doi: 10.1016/j.nbt.2019.04.004.

was followed over 5-year storage. TO; 4 year-
storage; 5 year-storage




The problem of multicenter studies:
plasma and serum from different biobanks
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Multivariate analysis-PCA
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Collection tubes Iin the SOPs of different

CITRATE

biobanks

Anticoagulant
free tubes with
no other
additives

Tubes with clot
activator
(brand not
specified)
Tubes with
separation gel
and clotting
activator
(VACUETTE)

Tubes with
separation gel
and clotting
activator
(SARSTED)
Tubes with
separation gel
and clotting
activator
(BD)
Tubes with
separation gel
and clotting
activator
(BD)

T I N

CEN/TS 16945:2016 /
1SO 23118:2021

Anticoagulant
tubes with no
other additives

EDTA-tubes
(brand not
specified)

EDTA-tubes
(brand not
specified)

EDTA-tubes
(VACUETTE)

Cell preparation
tube with sodium
citrate
(BD)

EDTA-tubes
(SARSTED)

EDTA-K3 tubes
(BD)

EDTA tubes
(BD)

K2 EDTA tubes
(brand not
specified)

Relative intensity
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Biobank

CEN/TS 16945:2016 /
1SO 23118:2021

Max. of 30 min
at RT
Max. of 30 min
(T not specified)
Max. of 4 h
(T not specified)
Max. of 60 min
at RT

Relative intensity

0.004

BB1

BB2

Max. of 120 min
at RT
Max. of 30 min
at RT
Max. of 2 h
(T not specified)

Max. of 72 h
at 4°C

Max. of 72 h
at 4°C

Relative intensity

0.012

0.008

0.000

0.004 0.008 0.012

0.000

T1 in the SOPs of different biobanks
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T2 In the SOPs of different biobanks

CITRATE
CEN/TS 16945:2016 / Immediate 2 | -
1SO 23118:2021 freezing °
BB1 Not specified £3 ¥ .
) Plasma  £g| - = QQTEE$
BB2 Not specified g° ? * H * S
gy - B
Not specified
8_ | e e -ear— —n— g A e T T T T T T T T
o T T T T T T T T BB1 BB2 BB3 BB4 BB5 BB6 BB7 BB
N TS BB1 BB2 BB3 BB4 BBS BB6 BB7 BBS
0 CITRATE
Put the tubes in 8
ice water e s i
Zo K o i .
dry ice at -80° C T3 - W o [F
A Lt b
Serum % . L o ol
Not specified 3 § e
storage at g
+4-8°C ©  BB2 BB3 B85 BB6 BBY

then transfer to
the storage
straws within 2h




URINE SAMPLES Factors influencing the stability

— of urine profiles over time:
t.J

URINE .
Collection Site Biomedical Lab / Biobank P resence Of ce I lS .
Information on the donor Urine sample processing a Sh |ft Of Slgna IS over t' me
Donor ID, relevant Centrifugation (1000
lifestyle factors, g to 3000 g for 5 min
assumption of drugs at2° Cto8° C) H : H
etc. followed by filtration Chemical and enzymatic reactions
l (0,20 um cut-off filter).
Selection of containers -> concentration changes over time
Avoid containers with Long-term storage
additives. Transport and requirements
storage Transfer
2 . Aliquot the processed
Urine collection Koy the Whole sitkos sample into cry?-!vials, Keep _,t:;e a(I:iquot(s)
Collect the first sample refrigerated at Storage at <-70° C. s g
midstream urine of the 2° Cto8° Cfora
morning after a maximum of 2 h.
minimum of 8 hours
fasting.

Specify, if collected at
different times, or for
24 hour collection .

Information on the sample

Time and date of urine
collection.

V. Ghini, et al. N Biotechnol. NMR for sample quality assessment in metabolomics 2019;52:25-34. doi: 10.1016/j.nbt.2019.04.004.



The presence of cells

collection ||
treatment 2
pre-treatmen O ‘
NMR sample preparation O B
< |0
Q
£ |,
The profiles of urine were followed =
over time by acquiring NMR spectra 2
at different time points after sample
collection (0,1 h,2h,4h,6h, 8h, 4
24 h). Samples were kept at 4 °Cin
between spectra. 6
8
+vON

™ Urine collection
(") Mild centrifugation (2500 g)
W Filtration
(") Fast centrifugation (14000 g)
B Buffer addition

NMR sample acquisition

Mild centrifugation and/or filtration are strongly suggested to remove
cells from urine

B

Euclidean distance

UR-09-P UR-09-R UR-03-P UR-07-P
16 : : :
I 1 1 R
1.4 I 1 1
i i |
i i |
1.2 | | P
1.0 : I R
g : W/
' | : :
I | |
Reference spectra i L Y :
04| , : S
) e >l !
0.2 - mm— o *p
0.0 5 :
o 1 2 4 6 8 ON

Time (h)

UR-03: very high cellular contents
UR-09: modest
UR-07: low

H (ppm)

1.925 7.900 7.875



Chemical and enzymatic reactions

The metabolic profiles of 6 urine samples were followed for 24 h, acquiring an NMR spectrum every 2h;
samples were kept at 4° C in between spectra

0-1h-2h-2h-6h-8h-ON

1 Pyruvate‘ f\g Acetate | 1

A VJ/\& P wf/\"“'/‘/ \A\/‘\ .

2.375

Succinate

1.950

Ascorbate ‘

P .o /\

S

4_/\/«‘/\\\

)

Occurrence (%) Chemical
Metabolite HMDB presence/absence  shift  Changes
in the spectra (ppm)

Acetate HMDB0000042 100 1.92 (s) ™
Unk2 70 2.17 (s) ™
Unk3 70 2.18 (s) N

Pyruvate HMDB0000243 100 2.38(s) N2

Succinate HMDB0000254 100 2.40 (s) ™
2.44 (t)

2-Oxoglutarate 100 3.00 (t) N2
. 3.04 (s)

Creatine HMDB0000064 100 3.93 (s) 1
.. 3.05 (s)

Creatinine HMDB0000562 100 4.06 (s) NE

Unk4 -* 3.35 (m) ™
3.74 (m)

Ascorbate HMDB0000044 14 4.01 (m) N2
4.51 (d)

Unk5 e 4.05 (t) N
Unké 4.48 (t)
. 4.53 (s)

ascorbic acid
. -* 4.56 (s) ™
oxidation by-
roducts 4.59 (s)

P 4.63 (s)

Unk? 100 5.61 (d) J
Urea HMDB0000294 100 5.80 (s) NE

4.525 4.075 4.050 3.075 3.050 3.025

'H (ppm)



The patterns of changes correlated with the presence or absence of or absence of certain urinary metabolites.
In particular, the presence/absence of ascorbate strongly influenced the changes overtime

ascorbate .|| Ascorbate
concentration /\/\ \

: | | Ascorbate‘

\ %/ ‘ /

A /

4.625 4.600 4.575 4.550 4.525 4.500 4.475 4.075 4.050 4.025 4.000

—

B Absence of
ascorbate

o

4.625 4.600 4.575 4550  4.525 4.500 4.475 4.075 4.050 4.025 4.000
H (ppm)

0-2h-4h-2h-10h-12h-20h




A B Metabolites Air (mean)  N,(mean)

] ] coliection | | Acetate T 19.15% 7.9%*
To investigate the nature of tis r 7.6% e
these changes, variations in reatment P Unk3 v 59% 6.4%
. pre-treatmen " —
the urine metabolome of 4 I O ;I Pyruvate vooo1e%  28%
H i % ! 00*
subjects were followed over NMR sample preparation () B ()BN Succinate T 646%  15.9%
; . 2-oxoglutarate N) 7.5% 1.5%* .
time both under aerobic o = — T e Under N,, the urine
= ir ’ : .- .
atmosphere and under an < |[© ? Creatinine v 7.0% 7.0% metabolic profiles were
inert atmosphere (N,). § 1 Unk4 T 134% 8.3%* more stable over time.
During the intervals between ik b AT 43N
. Urea N 5.0% 0.5%*
experiments, the samples 2
o Unk5 1P 33.3% 29.7%
were kept at 4 °C and NMR 5 T R
spectra for each sample Unk? v 173% 16.7%
were acquired every 8 C
2 h for a total of 24 h. ” Succinate Ascorbate ~ 0-8h-16h-
Air N, Air o N, o
124 N fl‘ “l
. ‘\ I !
™ Urine collection 1 \ ‘ \’i‘, 7'@ I ,’H
A\ (N {
() Mild centrifugation (2500 g) A\ v ! Ii'i‘ f ﬁ& (ll \/
W Filtration I\l AL .f\\ P )f |
(") Fast centrifugation (14000 g) PR 4 ' —_.‘»// - L _NAS K\_ s N Py e
B Nitrogen, (30 min) . . . .
N Bufferaddition 2.410 2.410 4.525 4.525
NMR sample acquisition 1y ( )
ppm
Midpoint
Chemical and enzymatic redox reactions are the main factors inducing Reaction Reduction
. . . . Potential at
changes in concentration levels of urinary metabolites. These effects oH 7 (Em7)
cannot be avoided but can be reduce.:d by maintaining t_he samples at low Acetate + C0;> Pyruvate LY
temperatures throughout the analytical and pre-analytical processes and Succinate + COz  2H" > 2-Oxoglutarate + Hz0 0.6V

reducmg exposure to air. Dehydroascorbic acid = Ascorbic acid +0.06 V




Long-term storage at -80

\ ‘Pyruvate /
\//\f\ - \\i//i\:/’\\/ \

2.425 2.400 2.375
1H (ppm) Avoid Free/thaw cycles

The metabolic phenotype of urine samples was followed over 5-year storage. TO; 4 year-storage; 5 year-storage;
5 year-storage + 48 h at 4-6 °C



CSF - same reporters as in urine

Ascorbic acid == Dehydroascorbic acid Pyruvic acid » Acetic acid + CO2

Oxidation Oxidative
decarboxilation

[A

Ascorbic acid

T T T
193 1.92 191

@ Freezing > 1 h from collection
@ rreezing within 1 h from collection

Vignoli et al., J Proteome Res 19:4, 1696—-1705 (2020)



Information on the donor

BLOOD SERUM / PLASMA URINE
Collection Site Biomedical Lab / Biobank — Collection Site Biomedical Lab / Biobank
Mnformation oft the danor Biood sumple processing LB.J Information on the donor Urine sample processing
Donor ID, relevant SERUM: allow the
lifestyle factors, blood to clot in an f:f:';“l?fﬁ':r“:“t Cent;":gati;m (1020
assumption of drugs upright position from ty ¥ 9 too N0 g 2’ i
etc.. 30-60 min at RT. assumption of drugs at2’ Cto8° C)
Centrifugation at 1500 stc.. fglj"%wed bztmtfffaftlil‘tm
Selection of collection tube 4 foe10 oun st RE- ' . {020 Gin:out-of Piter):
PLASMA: Selection of containers
For serum use centrifugation at 820 g
anticoagulant free Transport and for 10 min at4° C. Avoid containers with Long-term storage
tubes. storage Transfer additives. Transport and requirements
For plasma use tubes _ storage Transfer
with anticoagulant Keep the whole blood ~ Long-term storage Keep the aliquot(s) ) Aliquot the processed
(preferred EDTA, “aripls sURT fox n requirements at<-70° C. Urine collection Koy the Whole sitkos sample into cryo-vials. Keep the aliquot(s)
avoid heparin). Y . <.70° C. at<-70° C.
Avoid tu:es vzith other ERRNONNILOL 20 IR Aliquot the processed Collect the first sample refrigerated at Storage at <-70° C
additives. sample into cryo-vials. midstream urine of the 2° Cto8° Cfora
Storage at < -70° C. morning after a maximum of 2 h.
Blood collecti minimum of 8 hours
ood collection fasting.
Collect blood after a Specify, if collected at
minimum of 8 hours different times, or for
fasting. 24 hour collection .
Specify, if collected at
different times or .
under non-fasting Information on the sample
conditions. Time and date of urine
collection.

Information on the sample

Time and date of
blood collection.



The effect of anesthesia * Avoid anesthesia

* Annotation of drugs administered to the patient

Propofol

o~ p=6.10*%10% N-Acetylcysteine
Pre- & post- p=5.03*10° Lactate )
. p=2.10*10"° Isoleucine :
Z TeS;hESIa - ° 0=4.86%10° Citrate _—
oo ~ p=1.42*10 Arginine Ri-
& °7 p=8.67*10° Phenylalanine EffeCt Of d ru g .
[ p=3.28*10" Alanine =
™ p=8.65%*10"° Creatine+Creatinine
p=4.89*103 Leucine
o= I , p=4.80*104 Valine
0 10 p=6.10*10% Tyrosine
3-Hydroxybutyrate p=3.95*103
CH2CH2CO groups | p=1.08*10"°
Discrimination accuracy =~ “fs°" Pre  Post Acetoacetate p=5.60*10
92.60% Pre “92.6 7.4 Acetate p=2.08*108
Post 74  **926 -0,5 0 0,5 1 1,5

Ghini V, Unger FT, Tenori L, Turano P, Juhl H, David KA.
Metabolomics. 2015;11(6):1769-1778.



Information on the sample

BLOOD SERUM / PLASMA URINE
Collection Site Biomedical Lab / Biobank — Collection Site Biomedical Lab / Biobank
Mnformation oft the danor Biood sumple processing LB.J Information on the donor Urine sample processing
Donor ID, relevant SERUM: allow the
lifestyle factors, blood to clot in an f:f:';“l?fﬁ':r“:“t Cent;":gati;m (1020
assumption of drugs upright position from ty ¥ 9 too N0 g 2’ i
etc.. 30-60 min at RT. assumption of drugs at2’ Cto8° C)
Centrifugation at 1500 stc.. fglj"%wed bztmtfffaftlil‘tm
Selection of collection tube 4 foe10 oun st RE- ' . {020 Gin:out-of Piter):
PLASMA: Selection of containers
For serum use centrifugation at 820 g
anticoagulant free Transport and for 10 min at4° C. Avoid containers with Long-term storage
tubes. storage Transfer additives. Transport and requirements
For plasma use tubes _ storage Transfer
with anticoagulant Keep the whole blood ~ Long-term storage Keep the aliquot(s) ) Aliquot the processed
(preferred EDTA, “aripls sURT fox n requirements at<-70° C. Urine collection Koy the Whole sitkos sample into cryo-vials. Keep the aliquot(s)
avoid heparin). Y . <.70° C. at<-70° C.
Avoid tu:es vzith other ERRNONNILOL 20 IR Aliquot the processed Collect the first sample refrigerated at Storage at <-70° C
additives. sample into cryo-vials. midstream urine of the 2° Cto8° Cfora
Storage at < -70° C. morning after a maximum of 2 h.
Blood collecti minimum of 8 hours
ood collection fasting.
Collect blood after a Specify, if collected at
minimum of 8 hours different times, or for
fasting. 24 hour collection .
Specify, if collected at
different times or .
under non-fasting Information on the sample
conditions. Time and date of urine
collection.

Information on the sample

Time and date of
blood collection.



Human Liver: Cold and Warm Ischemia

A3
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Acetate
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5 : 1P Mean intensity changes of
I R metabolites during Cl
‘ r; 3|o [;O I 1;0 ‘ 1!;0 T 3[;0 ‘ I ischem‘i;tima(-r;ll':nutes.).l '
Time (minutes) . . . . .
* Annotation of the ischimia time

Cacciatore S, Hu X, Viertler C, Kap M, Bernhardt GA, Mischinger HJ, Riegman P,
Zatloukal K, Luchinat C, Turano P. J Proteome Res. 2013;12:5723-9.



GSH/GIn consumption

Oxidative stress associated with
ischemia was the likely cause for the
consumption of the antioxidant GSH
(and the concomitant production of
GSSG).

Consumption of glutamine, a GSH
precursor, was also observed.

GSH consumption was much more
prominent at prolonged Cl times
compared to T30'WI, suggesting that
in Cl non-enzymatic reactions, such as
those in which GSH acts as a reactive-
oxygen-species scavenger, may be
dominant over enzymatic reactions.

Acetate

Alanine
Ascorbate
Aspartate
Creatine
CH2O0COR(glyceryl)
Glucose
Glutamate
Glutamine
Glycine

GSH

GSSG

Inositol

Lactate
Phosphocholine
Taurine

Cacciatore S, Hu X, Viertler C, Kap M, Bernhardt GA, Mischinger HJ, Riegman

P, Zatloukal K, Luchinat C, Turano P. J Proteome Res. 2013;12:5723-9.
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Glucose, taurine inositol

Glucose increase during ischemia
possibly reflected glucose uptake by the
cells and changes in glycogenolysis or
gluconeogenesis.

Taurine, a robust apoptotic biomarker,
increased mainly in WI.

Inositol, which regulates many cellular
processes in eukaryotes, including stress
responses and apoptosis also increased
Changes in taurine and inositol were
strongly correlated.

Acetate

Alanine
Ascorbate
Aspartate
Creatine
CH2O0COR(glyceryl)
Glucose
Glutamate
Glutamine
Glycine

GSH

GSSG

Inositol

Lactate
Phosphocholine
Taurine
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log, (T30’ CI/T0’ CI) in dark grey

Cacciatore S, Hu X, Viertler C, Kap M, Bernhardt GA, Mischinger HJ, Riegman P, Zatloukal K, Luchinat C, Turano P. J Proteome
Res. 2013;12:5723-9.



General considerations

All the samples of your dataset should be treated in the same way.

For new type of samples: make your own SOPs for specific types of samples and/or
metabolites your are interested to characterize. Simulate and validate all the procedures to
identify possible “critical” points

Collect data on patient treatment, if possible

Collect the sample before patient treatment, if possible (i.e. anesthesia)

Perform the processing procedures as soon as possible from sample collection
Keep the samples at 4° C before the processing

Store at -80°C the processed samples as soon as possible

Use a refrigerate sample changer for automatic acquisition

Reduce the oxygen exposure

Avoid freezing/thawing cycle (divide the samples into different small volume aliquots)



NMR-Sample preparation

NMR Lab

Blood thawing

l Room temperature.

NMR sample
preparation

Add 350 pl of sample to
350 pL of sodium
phosphate buffer (70
Transfer mM Na,HPO,; 20% (viv)
) 2H,0, 6.1 mM NaN,; 4.6
Keep thoe aliquot(s) mM TMSP; pH 7.4).
at<-70° C. Transfer 600 pL of the

mixture into a 5 mm
NMR tube.

NMR analysis

T=310K

1D NOESY

1D CPMG

1D Diffusion-edited

= NMR Lab

Urine thawing

Room temperature.

NMR sample
preparation

Centrifuge at 14000 g
for 5min at4° C.
Add 630 pl of sample to

Transfer T ek
hosphate buffer (1.5

Keep the aliquot(s) P
at<-70° C. M K;HPO,, 100% (v/v)

2H,0, 2 mM NaN,, 5.8
mM TMSP; pH 7.4).
Transfer 600 pL of the

mixture into a 5 mm
NMR tube.
NMR analysis

T= 300K
1D NOESY

Angew Chem Int Ed Engl. 2019 Jan 21;58(4):968-994. doi: 10.1002/anie.201804736



Cell lysates and growing media

Cell culture procedure suitable for NMR analysis

CELL CULTURE CELL LYSATES

~3 x 106 cells in CE||-WaSh|ng Cell scraping
conditioned medium with PBS

(4 times) Buffer lysis

+/- protease inhibitors

Remove conditioned Cell lysis by sonication and
medium ultra-centrifugation

exo-metabolome endo-metabolome



Minimal sample handling

Type of sample Experimental procedure NMR analysis

*  Thawing at room temperature and shaking
+  Centrifugation at 14 000g for 5 min
*  Dilution 1:9 with potassium phosphate buffer (1.5 M K,HPO,, 100% *  NOESY experiment
(viv) °H,0, 10 mM sodium TMSP; pH 7.4) + J-resolved experiment
* 600 pL of each mixture was transferred into a 5 mm NMR tube for
the analysis.

Urine

« Thawing at room temperature and shaking
*  Dilution 1:1 with sodium phosphate buffer (10.05 g Na,HPO,:7H,0;
0.2 g NaNj3; 0.4 g sodium TMSP in 500 mL of H,O with 20% (v/v)

* NOESY experiment
« CPMG experiment

Serum/Plasma « Diffusion-edited

108 Bl 7 experiment
* 600 pL of each mixture was transferred into a 5 mm NMR tube for P :
. + J-resolved experiment
the analysis.

+ Thawing at room temperature and shaking
+  Centrifugation at 14 000g for 5 min
Dilution 1:9 with potassium phosphate buffer (1.5 M K,HPO,, 100% *+  NOESY experiment
(v/v) ?H,0, 10 mM sodium TMSP pH 7.4). + J-resolved experiment
* 600 pL of each mixture was transferred into a 5 mm NMR tube for
the analysis.

Saliva



Minimal sample handling

Type of sample Experimental procedure NMR analysis

* Thawing at room temperature and shaking
+  Dilution 1:1 with sodium phosphate buffer (10.05 g Na,HPO,-7H,0;

Cerebrospinal 0.2 g NaN,; 0.4 g sodium TMSP in 500 mL of H,O with 20% (v/v) «  NOESY experiment
fluid °H,0; pH 7.4). + CPMG experiment
* 600 pL of each mixture was transferred into a 5 mm NMR tube for
the analysis.
*  NOESY experiment
Cell lysates «  CPMG experiment

* J-resolved experiment

« Thawing in ice and shaking
* Adding 10% in volume of 2H,O
* 600 pL of each mixture was transferred into a 5 mm NMR tube for

the analysis.
*  Frozen tissue samples were trimmed (10-15 mg) to fit rotor insert
HR-MAS capacity _
. . . . . . * NOESY experiment
. 2
NMR Tissues The insert was filled with a solution of TMSP in 2H,0. . CPMG experiment

* Rotor inserts were covered with plug and plug-restraining screw
and inserted into the 4 mm rotor for HR-MAS.
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