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Synopsis

* Comparison with the chemistry of proteins and DNA

* Samples
* Fluids, cells and tissues and “other” samples
* Collection/storage
* Importance of timing/SOP
* Avoid plasticware
* Extraction
* Keep cool (!)
* Partition
. pH
* Isotopes
* Dr. Prasain
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* In general, proteins can be
extracted and analyzed using
standard procedures.

* MeOH, EtOH, MeCN
* Sulfosalicylic acid
* Trichloroacetic acid

Chemistry of DNA bases

NH, 0
NFe T HN N\ * Very little difference
K = > )\R > between the bases
H.N N * Just +-NH, or —-C=0 and
Ademne Guanine . t:e'r pos't'ohns "
(6-Aminopurine) (2-Amino-6-oxopurine) The sugar phosp ate )
backbone is the same in
NH, [o] DNA (deoxyribose), but
CH different from RNA
NFa HN 2 .
3 sl | (ribose)
)2\1 5 )\ * DNA/RNA are recovered
o H = H either with ice-cold EtOH,
Cynosinia Thymine or selectively in the case of

(2-Oxo-4-aminopyrimidine) (2,4-Dioxo-5-methylpyrimidine) ~ MRNA with oligoT

Conclusion - the recovery of proteins and DNA/RNA is straightforward
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Chemistry of metabolites/metabolome

H, CH,CHO
A gas EtOH metabolite
bp —253°C bp 20°C
NH;
° O OH0 N SN
HO OH </N l N/)
OH N
Citric acid Adenine

A phosphatidylcholine

CH,COCH,

A vapor in diabetics
bp 56°C

A o-hydroxy-fatty acid
fatty acid ester

CH,CH,CH,COOH

Epigenetic modifier
bp 164°C

R W N P N N

3

Acetyl- and
palmitoylcarnitine

Conclusion — the metabolome is extremely diverse
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Sampling the -omes

* Germ-line DNA remains the same over a lifetime

* Somatic DNA may have modifications (limited),
but they are stable

* mRNA is more dynamic

* Most proteins have long lifetimes
* PTMs can exhibit quick changes (30-60 sec) during
signaling (phosphorylation/dephosphorylation)
* Metabolites in bioenergetics have very short half-
lives (seconds or sub-second for ATP)
* Need to freeze clamp
* Chemical stability during extraction

Metabolites from cells

* Adherent cells in petri dish
* Prepare ice-cold physiologic saline
* Tilt plate and remove medium with vacuum pipet

* Immediately add 10 ml ice-cold physiologic saline, swirl and
remove medium with vacuum pipet (less than 10 sec)

* Add MeOH cooled in dry ice (-43°C)
* Incubate at 0-4°C

* Suspended cells
* Rapidly filter through nylon membrane
* Add MeOH cooled in dry ice (-43°C)
* Incubate at 0-4°C
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Adapted from Kathleen Stringer

Sample Collection

* The first step in sample
processing
* depends on the type of sample

* depends on the source of the
sample
* clinical vs. experimental

* Consistency is key

* uniformity of supplies

* standard operating procedures
(SOP)

* prospective collection vs.
samples of convenience

* Universal “standards” do not yet exist but will be driven
by the advancement of metabolomics technology

image from
www.usada.org

Adapted from Kathleen Stringer

Sample Collection

* Variables to consider:
* time of day and circadian

A
] R variation
! .
§ » gender and age of subjects
Q U _ (mammalian)
o Metabolomics

: * diet, hydration, fasting state,
Time (h) exercise/activity

* Collection vessel
- glass vs. plastic
- laboratory vs. clinic
- presently there are no “metabolomics tubes”

image adapted in part from D. Wishart, Bioinformatics.ca; June 13, Slupsky, CM., et al. Anal Chem 2007;79:6995-7004
2011 under a creative commons license Park, Y., et al. Am J Physiol Regul Integr Comp Physiol 2009;297:R202-9




Urine

* Urines can be spot (collected at the time) or 24-
hour collections
* The 24-hour collection is an integral of urinary output

* For rat studies, best collected using a metabolic cage
where the urine drips into a beaker set in a container
filled with dry ice

* For mice, roll them on their back — they will pee for you

* It’s worth noting that urine resides in the bladder
at ~37°C for several hours before it is collected
* Once it’s out of the bladder, it will be exposed to
microbes that may alter its composition

* For clinical studies, the urine can be collected and then
placed in a refrigerator — some add ascorbic acid (1%) or
10% sodium azide

Urine storage and extraction

* Once collected, urine is mixed and total volume
noted
* Best if (say) 5-10 one ml aliquots taken and stored at -
80°C
* These can be thawed one time to begin extraction

* Urines must be centrifuged to remove particulate
matter

* Human urine could be used directly (divert the initial
eluate since it is predominantly electrolytes and very
hydrophilic metabolites such as urea, glucose, etc.)

* Rodent urines contain MUP proteins — these must be
precipitated by adding 4 volumes of ice-cold MeOH

* Precipitated protein removed by centrifugation

* Supernatant is evaporated to dryness under N, and re-
dissolved in water
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Blood, plasma and serum

* Blood consists of cells (reticulocytes, white
cells/monocytes and plasma or serum)

* Plasma requires the use of heparin or EDTA
* Heparin is preferred for NMR analysis
* EDTA is preferred for LC-MS analysis

* Serum has no additions, but be careful not to lyse
the reticulocytes since the released heme is highly
oxidative

 add 50 mM nitriloacetic acid to complex Fe2*/3+

* Store in 1 ml aliquots at -80°C

* Small animals — mice, zebrafish — yield only pl
volumes

Methanol:Chloroform Extraction
Whole Blood Extraction SOP

* Biomaterials Required:

* ~0.5 to 1.0 mL plasma/serum or whole blood (per sample)

collected with hepa rin* (——f,j‘ Preservative will vary
1 depending on planned

analytical platform

e Other reagents and solutions:

* Methanol and chloroform (reagent or HPLC grade)

* mix 1:1 (vol/vol) fresh in a tightly sealed (Corning screw top bottle) that
has been pre-cooled (-20°C)

* store mixture (-20°C) so it is ice-cold when ready for use
* |ce-cold DI water

Adapted from Kathleen Stringer
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Chloroform-methanol extraction

"H NMR Aqueous Metabolites
glucose
amino acids
ketone bodies
creatinine

MeOH soluble —
(aqueous metabolites)
Plasma,
MeOH:CHCI,
Serum' extraction -_
Whole Blood . { D0 =
queous
Protein 1 &
{ H NMR Lipids

. cholesterol
tipkd { U fatty acids
phospholipids
CHCI, soluble triglycerides
(lipid metabolites) —

€DCl,/CD,0D R For har S A

Further extraction conditions

* A fuller account of this method is given by Kathleen
Stringer at the 2" UAB Metabolomics Workshop

0.5 ml plasma

~_—— Mix/centrifuge +
- / 1.0 ml CHCl,/MeOH
Lower phase Upper phase
Add 1 ml water Add 1 ml CHCI,/MeOH
and mix@entrifuge and mix/centrifuge
Lower phase Upper phase Lower phase Upper phase
Lipid fraction 1 Aqueous 2 Lipid fraction 2 Aqueous 1

Lipid extract Aqueous extract
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Tissue — metabolite extraction

* Tissue MUST BE snap-frozen (liq N,) to prevent
further metabolism

* Grind the tissue in a pestle and mortar
* Pre-coolin liq N,
* Pour powder as a slurry into extraction tube
* Allow N, to evaporate

* Add 4 volumes of pre-cooled (-20°C) MeOH
* Extract at 0—4°C for 30 min
* Centrifuge — collect supernatant
* Re-extract and centrifuge
* Combine supernatants

Fecal collection

* Note: feces have been in the presence of a trillion
bacteria at 37°C for several days during colonic
passage

* Some metabolism can occur after collection
* Slowed by cooling — can be frozen as for tissue

* Sometimes feces are collected for microbiome
analysis
* Placed in Cary Blair (NaCl, Na thioglycollate, Na,HPO,,
pH 8.4) minimal medium
* Glycerol added to prevent freezing when stored at -20°C
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Fecal extraction

* Treat frozen feces like tissue

* Powderinlig N,

* Extract with 4 volumes of cooled (-20°C) MeOH
* Fresh feces

* Extract with 4 volumes of cooled (-20°C) MeOH

* Feces in Cary-Blair medium
* Extract with 4 volumes of cooled (-20°C) MeOH

* Feces in Cary-Blair medium plus glycerol

* Disperse in aqueous medium and extract with ethyl
acetate

Importance of pH

15.207
1ie7 Red = blank reagents

Purple = 0.1% formic acid
Green = water
Ve Blue = 0.1 M NaOH

1617

1 19.087

15.986
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Using isotopes to monitor recovery

* Isotopically labeled compounds, particularly 13C (a
stable isotope), behave the same as their
unlabeled counterparts

* They have different masses — 1 Da for every 13C

* Can be measured independently from the real
metabolite

* Not available for every metabolite
* “All” metabolites would be very expensive

* Alternative is to use the IROA Technol reagent
* An exhaustively labeled yeast product

Importance of sample preparation

* Only extracted metabolites are analyzed by MS

* Selective separation of one or more target analytes
from the other compounds
(endogenous/exogenous) present in the matrix

* Pre-concentration step

* Removing interference- co-eluting compounds can
be a problem

* Improving analytical performance

1/17/2018
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Choosing an appropriate solvent for extraction
of biological samples

[
water Peptides, sugars, polyols, nucleotides
——— Methanol/ethanol ————  Glycoside of polyphenols
Z
E Ethyl acetate ————  —  Intermediate polarity
&
Diethyl Aglycones of polyphenols
Ether, dichloromethane , chloroform

Hexane Saturated fats, terpenes
carotenoids

Extraction recovery- solvent /solute chemistry, volume of solvent and
analyte concentration, pH and temperature etc.

The ratio of botanical material to extracting solvent plays important
role in efficient extraction of phytochemicals
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Extractability of isoflavones from various amounts kudzu dietary supplement
powder in 5 mL of 80% aq. MeOH

Prasain et al. J. Agric. Food Chem., 2003
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Quantification

* Relative

* normalizes the metabolite signal that of an internal standard signal
intensity in large scale un-targated profiling (eg. Non-naturally
occurring lipid standards- Cer 17, stable isotope labeling through
metabolism- AA-da.

* Absolute quantification
* based on external standards or internal isotopically labeled standards-
targeted metabolomics.
* Matrix effects

* signal suppression or enhancement are major issues. Stable isotope
labeled standards are needed.

Matrix effect on lon suppression/enhancement

* Combine effects of all chemicals other than
analytes - matrix effects

* The presence of endogenous substances from
matrix, i.e., organic or inorganic molecules present
in the sample and that are retained in the final
extract

* Exogenous substances, i.e., molecules not present
in the sample, but coming from various external
sources during the sample preparation

* Selective extraction of analytes reduces matrix
effects

1/17/2018
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Choice of Good Internal
Standards

* A stable isotopically labeled IS is preferable.
* Is not found in the original sample

* In the absence of stable isotopically labeled internal
std, the structure of the internal standard needs to
be similar to the analyte and co-elute with the
analyte.

* Should not react chemically with the analyte.

Sample preparation is a crucial step in removing
the interfering compounds from biological matrix

Sample preparation

Solid phase
Extraction
SPE

Liquid-liquid
Extraction
LLE

Protein
Precipitation
PP

The method of choice will be determined by the sample
matrix and the concentration of compounds In samples

1/17/2018
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Supported Liquid Extraction (SLE)

* Ag. sample is adsorbed on a porous
highly polar solid support
* Diatomaceous earth

» Sufficiently adsorb the entire volume of Aq. Sample +IS
loading, followed by
sam ple washing organic solvent
@ MeOH:CHCI3

* Non-polar compounds at the surface of & _Dichloromethane, EtoAc
solid support SOLUTE

* Target analytes should be in non-ionized i
form

Solid support
* Eluted by non-polar solvent

* Simple, high throughput and extraction
efficiency

MRM chromatograms showing simultaneous determination of
ceramides (C,-C,,)
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Sample preparation is a crucial step in quantitative analysis of ceramides;
Poor recoveries of non-polar ceramides in Bligh Dyer (BD) liquid-liquid
extraction compared to Biotage (supported liquid extraction)

5.5e4 1.96

1.7e4

2.23

- C20:0 . C24:0
g Unspiked plasma g Unspiked plasma
kS biotage g biotage
00 o5 20 35 45 00 05 20 35 45
Min Min
5957 198 4200 2.23
030
C20:0 C24:0
5 Unspiked plasma z Unspiked plasma
S BD 2 BD
3 8
|
23
0 05 e T35 45 i 05 20 35 45
Min Min

Supercritical Fluid Extraction (SFE)-

Extraction of bioactive natural products

* Extraction method involving the use of supercritical
solvent in extracting non-polar to moderately polar
analytes from solid matrices

Use of gases above the critical conditions for
temperature and pressure- super critical carbon dioxide

Able to penetrate solid matrix (botanical products) and

solubilize compounds

Inexpensive, faster and environmental friendly
* Green chemistry, renewable solvent

Extraction of thermal-labile compounds

Super Critical
fluid

-
Critical point

Pressure

1/17/2018
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Microwave assisted solvent extraction (MAE)

* Use of microwave energy to heat liquid organic
solvent in contact with sample

* Non-ionizing, fast and effective extraction with
limited volume of solvent

* Moisture or water serves as target for microwave
heating

* Special approved microwave equipment should be
used, not domestic microwave oven

* Useful for botanical extraction (e.g., essential oil)
with high efficiency

Conclusions

* Development of optimal extraction method for a biological
sample remains a significant challenge.

* Although conventional extraction methods (SPE PPT, and
LLE) are widely used, newer methods such as supported
liquid extraction may be better for extracting many non-
polar compounds in biological samples efficiently.

* Methods with improved clean up and minimum time
consumption have been achieved and more improvements
are needed to develop for accurate, reproducible and high
throughput extraction of wide range of analytes.
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