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The Most Popular Particle: Silica

e Different morphology for dlfferent appllcanons
@) () -y

Macroporous spherical silica particle. [K X Unger, Electron microphotograph of spherical and irregular silica particles. [W_R.Melander, C_Horvath,
Porous silica, Elsevier, 1979] Reversed-Phase Chromatography, in HPLC Advances and Perspectives, V2, Academic Press, 1980]
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surface coverage of bonded phase: 40-50% of silanol groups
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Figure 1. Stationary phase stability: efficiency loss as a function of time of purge with
an aggressive mobile phase (analyte: acenaphthene; mobile phase: triethylamine, pH
10; 50 mM at 50°C). Figure reprinted with permission from reference (16).

phase as determined by gradient elution chromatography using
acetonitrile /ammonium carbonate (pH 10, 10 mM) at 40°C for
8,000 min (Figure 3) (21). Phenomenex evaluated its hybrid sta-
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Figure 2. Results of accelerated base stability testing for six stationary phases,
showing percent change of retention factor (k) for decanophenone versus exposure
time (h) to agueous sodium hydroxide (20 mM; pH 12.3) at 50°C. The stationary
phases were purged at 0.85 mL/min for 1.8 h, washed for 10 min at 0.43 mL/min.
Mobile phase: acetonitrile/water, 50:50 v/v. Columns: XTerra MS C18 (50 x 3 mm),
Gemini C18 and Xbridge C18 (50 x 4.6); all other columns 30 x 3 mm. Figure reprinted
with permission from reference (17).

Borges EM, Volmer DA. J Chrom Sci 2015;53:1107-22.
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http://mwww.mac-mod.com/pdf/technical-report/036-ColumnComparisonGuide.pdf

Comparison Guide to C18 reversed phase HPLC columns. 4" ed. MacMod

Analytical, 2008.

C18 Phases Compared According to Relative Hydrophobicity
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Common Reversed Phase Stationary Phase Ligands
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Choosing the mobile phase

The choice of mobile phase(s) depends on a number of factors:
* Type of separation (reversed phase/HILIC/normal phase/ion chromatography)
* Type of detector

* Chemical properties of the analyte: polarity, pKa, presence of aromatic rings and
heteroatoms, steric properties

Basic types of HPLC separations:
 |socratic: no change in mobile phase
* No equilibration time
* Lower solvent consumption

* Fewer sources of error
* Lower risk of losing reproducibility
e Gradient: programmed changes in mobile phase compositions
e Shorter runs
* Longer column lifetime
* Requires fast re-equilibration of detector = not used with electrochemical detection




What can the chromatographer do to enhance
selectivity, specificity and sensitivity?

select the instrument configuration

Method Scalability Phase Information

select the stationary phase

* select the mobile phases

* select the separation settings
 analytical column dimensions
* column space temperature
* mobile phase gradient program

* mobile phase flow rate

* select the detection settings



Classification of detectors

Bulk-property detectors: refractive index

Analyte specific detectors: absorbance, fluorescence, electrochemical, conductivity,
radioactivity

Mobile phase modification detectors: evaporative light scattering, corona discharge

Hyphenated techniques: mass spectrometry, infrared spectroscopy, nuclear magnetic
resonance spectroscopy
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Red blood cell

Hemoglobin molecule

* Makes up 96% of the dried content of RBC’s

* HbA (>95%): a (a; and a,) and B chains (o,8,)
* A2 (1.5-3.5%): 0,6,

* F:a,y,

» Several pathological variants exist
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HbA1c

Normal

mmol/mol

Below 42 mmol/mol

Below 6.0%

Prediabetes

42 to 47 mmol/mol

6.0% t0 6.4%

Diabetes

48 mmol/mol or over

6.5% or over

HbA1c as an indicator of Diabetes Control

O .o Dlabetes.co.uk

HbA1C %




Table 4 The relationships between the hemoglobin Ai.

units as % values to the mmol/mol values are presented at
different levels of hemoglobin Aic

HbA . HbA. . HbA..
(%) (mmol/mol)
Reference limits 4.0-6.0 20-42
Diagnosis limit 6.5 48
Treatment limits, adults 7.0 53
children < 6 yr 7.5 69
children 6-12 yr 8.0 64
children 13-19 yr 8.5 58
Poor diabetic balance 9.0 75

Very poor diabetic balance 12.0 108




Applications of glycated haemoglobin measurements

e Diagnosis of diabetes
 Monitoring the progress of therapy

* Results correlate with average blood glucose levels in past 6-12 weeks



Lab technology for evaluating HbAlc

43 mmol/mol |

6. 1 % N3

H 0. 1 % LAt
e HPLC-VIS (420/500 nm) .
* Separation by cation exchange chromatography 2 Loare 19 287 f
 Sample: whole blood, EDTA-coated tube T -
* Fully automated LEn

Run time: 48-90 s

http://www.arkray.eu/english/products/laboratory/habalc/ha-8180.html




HPLC-VIS, 415 nm

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
Minutes

https://www.chromsystems.com/products/hemoglobin-testing/hemoglobin-variants-hplc-15330.html



Pharmacokinetic-pharmacodynamic indices of antibiotics

Pharmacodynamic index f Tonaic Cnax/MIC AUCy -4/MIC

Antimicrobials B-Lactams Aminoglycosides Fluoroquinolones
Carbapenems Metronidazole Aminoglycosides
Linezolid Fluoroquinolones Azithromycin
Erythromycin Telithromycin Tetracyclines
Clarithromycin Daptomycin Glycopeptides
Lincosamides Tigecycline

Linezolid

Roberts JA et al. Brit J Clin Pharmacol 2011;73:27.



Assaying 6 antibiotics and 2 B-lactamase inhibitors in serum using
reversed-phase HPLC with UV detection

* Analytes: ampicillin, cefepime, ceftazidime, linezolid, meropenem, piperacillin, sulbactam,
tazobactam

* Preanalytical considerations:
* Analytes are unstable

e Serum should be separated, 100 uL mixed with 20 pL solution of preservative
e Store sample frozen

* HPLC conditions:
e 2 groups of analytes
* Group 1: gradient run (13 min)
* Detection at 210 nm: ampicillin, sulbactam, tazobactam

e Detection at 290 nm: cefepime, ceftazidime, meropenem
e Group 2: isocratic run (5 min)

* Detection at 255 nm: linezolid, piperacillin

https://www.chromsystems.com/antibiotics-in-
e Column temperature: 22 °C

serum-plasma-61000.html



0.020
0.0194
0.0184
0.017+
0.0164
0.0154
0.014+
0.0134
0.0124
0.011+
0.0104
0.009 4
0.008 -
0.007
0.006 4
0.005-
0.004
0.003
0.002 -
0.001
0.000

Cefepime

Tazobactam*

Sulbactam*

Internal Standard

Ceftazidime

Meropenem

Ampicillin

(]

-0.001

Time, min

T T T T T T 1 L] 1 i L] 1 L} L) T T 1 Ll 1 I ! 1 I T
0.00 0.50 1.00 0.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 550 6.00 6.50 7.00 7.50 8.00 8.50 92.00 9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.00

0.023
0.022+
0.0214
0.020+
0.0194
0.018+
0.0174
0.016+
0.015+
0.014+
0.0134
0.012+
> 0.011+
0.0104
0.0094
0.008
0.007
0.0064
0.005+4
0.004
0.003+
0.002+
0.001 -
0.0004

Internal Standard

Piperacillin

Linezolid

B e o o L e B s o R
180 200 220 240 2.60 2.80 300 320 3.40 3.60 3.80 400 420 4.40 4.60 4.80 5.00

0.00 020 0.40 060 0.80 100 120 140 160

Time, min

Group 1
Gradient run

210/290 nm

Group 2

Isocratic run
255 nm



Fluorescence detection



Photoluminescence

Fluorescence Phosphorescence



Jablonski diagram

Energy Levels
Absorption (101°s)

Fluorescence (101°- 107 s)

—— Phosphorescence (10— 10 s)

NN Internal Conversion (1011 — 109 s)

Vibrational Relaxation (1012~ 101%5s)

SN Intersystem Crossing (1019 - 108 s)




Fluorescence Detection
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Figure 5

Excitation and emission spectra of
quinidine

Excitation spectrum with emission at

440 nm, emission spectrum with excitation
at 250 nm of 1 pg/ml quinidine.

Detector settings: step size 5 nm, PMT 12,
Response time 4 s.




Clinical laboratory parameters frequently assayed using HPLC
with fluorescence detection

Homocysteine
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https://red.mcw.edu/wg/home/pathway2/molecular-
pathways2/methionine-homocysteine-folate-and-related-
metabolites-pathway-suite/



https://rgd.mcw.edu/wg/home/pathway2/molecular-pathways2/methionine-homocysteine-folate-and-related-metabolites-pathway-suite/

MTHFR Gene Mutation
May Increase the Risk of:

Learning Disorders Down Syndrome
Mood Disorders Autolmmunity
Fibromyalgia Chronic Fatigue
Neurodegeneration

Heart Disease

Digestive Problems

Addictive Behaviors

http://myhealthmaven.com/mthfr-gene-mutation-impact-health/



http://myhealthmaven.com/mthfr-gene-mutation-impact-health/

Homocysteine: clinical lab details

specimen: plasma (EDTA, heparinized)

e specimen stability: ambient, 1 h. Refrigerated: 1 week. Frozen: 3 months
0-30y: 4.6-8.1 umol/I

30-59 y: males — 6.3-11.2 umol/l, females — 4.0-7.9 umol/I

>59 y: 5.8-11.9 umol/I

HS

NH»

OH



Pathology of homocysteine

plasma and urine levels elevated in homocystinuria

plasma levels elevated in Vitamin B-12 deficiency, vitamin B-6 deficiency, folic acid
deficiency

plasma levels may be elevated in hypothyroidism, impaired kidney function, SLE

drugs can increase homocysteine levels: methotrexate, carbamazepine



manifestation populations af risk for healthy individuals over
of cardiovascular disease the age of 50 years

vascular disease and populations at risk
for vitamin deficiency

| | 1
measurement of plasma homocysteine
| | 1
treatment > 10 pmol/l > 12 pmol/l
l l Prophylais
¥ (optional)

folic acid: 0.2-0.8 mg, vitomin Biz: 3-30 pg (> 60 y: 100 pg), vitamin Bs: 2-6 mg

repect measurement affer 4 - & weeks

< 10 pmol/| > 10 pmol/|
. folic acid: 1-5 mg 11 evaluation by specialist
confinve fo Ireat vitamin B12: 100-600 pg {nonresponders)

vitamin Bs: 6-25 mg
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7-fluorobenzafurazan-4-sulfonic acid
SBD-F

Sample volume: 150 pL
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S
o
Xy NH,
OH

1. Liberation: 100 mL/L tri-n-butylphosphine in DMF 4 °C/30 min
2. Deproteinization: 150 pL TCA solution (0.1 g/mL)

3. Derivatization

SP: C18 250x4x6 mm, 5 um (ambient)

MP: 0.1 M KH,PO4 (pH=2.0):acetonitrile 96:4
FR: 0.8 mL/min

EX: 385 nm

EM: 515 nm

Kuo K et al. Clin Chem 1997;43:1653.
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Clinical laboratory parameters frequently assayed using HPLC
with fluorescence detection

Porphyrins



Red blood cell
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Types of porphyrias

Acute porphyrias Chronic porphyrias

Aminolevulinic acid dehydratase deficiency (ALAD) X-linked dominant protoporphyria (XLPDD)
Acute intermittent porphyria (AIP) Congenital erythropoietic porphyria (CEP)
Hereditary coproporphyria (HCP) Porphyria cutanea tarda (PCT)

Porphyria variegata (VP) Erythropoietic protoporphyria (EPP)



Signs and symptoms of acute porphyria may include:

« Severe abdominal pain

= Pain in your chest, legs or back

« Constipation or diarrhea

« Nausea and vomiting

« Muscle pain, tingling, numbness, weakness or paralysis
« Red or brown urine

« Mental changes, such as anxiety, confusion, hallucinations, disorientation or
paranoia

« Breathing problems

« Urination problems

« Rapid orirregular heartbeats you can feel (palpitations)
= High blood pressure

s Seizures

Cutaneous porphyrias

Cutaneous porphyrias include forms of the disease that cause skin symptoms as a result
of sensitivity to sunlight, but these forms don't usually affect your nervous system.
Porphyria cutanea tarda (PCT) is the most common type of all the porphyrias.

As a result of sun exposure, you may experience:

= Sensitivity to the sun and sometimes artificial light, causing burning pain
« Sudden painful skin redness (erythema) and swelling (edema

» Blisters on exposed skin, usually the hands, arms and face

= Fragile thin skin with changes in skin color (pigment)

= |tching

« Excessive hair growth in affected areas

« Red or brown urine
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https://emedicine.medscape.com/article/1389981-overview



https://emedicine.medscape.com/article/1389981-overview
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Figure 2. Comparative HPLC/fluorescence traces obtained for a standard
mixture of porphyrins (dashed line) and the urine of a porphyric patient
(solid line). Eluent A: 1.0 mol L' ammonium acetate buffer containing
10% acetonitrile at pH 5.7. Eluent B: methanol:acetonitrile (9:1, v/v).
Patient 2 was clinically diagnosed as an acute intermittent porphyria
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carrier. Porphyrin concentration was 500 nmol L.

Cypriani MGSC et al. J Braz Chem Soc 2014;25:1918.
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Figure 3  Florescence emission spectrum of normal plasma: no
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Table 2. Second-line Biochemical Testing for Acute Porphyrias: Laboratory Findings to Differentiate Between AIP, HCP and VP.

Acute
Porphyria

AIP

HCP

VP

ADP

HMBS
activity in
RBCs

Decreased in
~50% of
cases

normal

normal

normal

Urine
PBG

elevated

elevated

elevated

normal

Urine
ALA

elevated

elevated

elevated

elevated

Urine porphyrins

Markedly increased;

mostly uroporphyrin

Markedly increased;

mostly
coproporphyrin

Markedly increased;

mostly
coproporphyrin 111

Markedly increased;

mostly
coproporphyrin [l

Fecal porphyrins

Mormal or slightly
increased

Markedly increased;

mostly
coproporphyrin 11|

Markedly increased;

mostly
protoporphyrin

Mormal or slightly
increased

Plasma porphyrins

Normal or slightly increased

Mormal or slightly increased

Markedly increased;
Fluorescence peak (at neutral
pH) at ~626nm

Mormal or slightly increased



J Clin Pathol. 2014 Jan;§7(1):60-5. doi: 10.1136fclinpath-2012-201367. Epub 2013 Aug 1.

Urinary excretion of porphyrins, porphobilinogen and &6-aminolaevulinic acid following an attack
of acute intermittent porphyria.

Marsden JT', Rees DC.

@ Author information

Abstract

BACKGROUND AND OBJECTIVES: The porphyrias are a group of rare, mainly inherited, diseases caused by a deficiency of one of the
enzymes of the haem biosynthesis pathway. The biochemical hallmark of an acute attack is an increase in urine porphobilinogen (PBG),
together with an increase in urinary excretion of G-aminolasvulinic acid (ALA) and total urine porphyring (TUP). In patients with acute
intermittent porphyria (AIP) the concentrations of the porphyrin precursors are thought to remain elevated for many years following an acute
attack, although this has not been well documented.

METHODS: We measured urine ALA, PBG and TUPR excretion in 20 patients with AIP following an attack of acute porphyria over a time period
of 3 months to 23 years after their last documented acute attack.

RESULTS: We showed that urinary concentrations of all metabolites remain elevated for many years. The urinary half life of TUP was 5.3
years, ALA 7.7 years and PBG 10.6 years. Even after 20 years, PBG concentrations remained elevated above the normal range.

CONCLUSIONS: Our study highlights the difficulties of using urinary analysis for diagnosing recurrent attacks, and also raises important
questions about the pathophysiology of the condition.

KEYWORDS: Inherited Pathology; Laboratory Tests; Metabolism

PMID: 23905454 DOl 10.1136/clinpath-2012-201367

[Indexed for MEDLINE]



How to approach porphyrin tests

e Urine: dilute and shoot

* Faeces: extract with organic solvent, concentrate+dilute with aqueous buffer

* Blood: separate red blood cells and add water for hemolysis



Electrochemical detection



Amperometric, coulometric and voltammetric detection modes

#—-;#1 : | st : T 'ﬁ;
.T =t I f ] e
N \ e LU AU

R—+ O + e- Tume  [min]

A sample is introduced in HPLC and separated on the chromatographic
column. The column is connected to an ECD cell, an electrochemical
sensor where a reaction takes place at an electrode. Electrochemically
active substances that elute from the column undergo an
electrochemical reaction, electrons are transferred resulting in an
electrical current.

https://www?2.chemistry.msu.edu/courses/cem837/Electrochemical%20Detection.pdf



https://www2.chemistry.msu.edu/courses/cem837/Electrochemical Detection.pdf

Pros and cons of using HPLC-ECD systems

* Advantages:
* High selectivity
* MS-level sensitivity
* Electrochemical cell is enduring and maintainable by user

* Disadvantages:
* Only isocratic methods can be used efficiently
* No opportunity to obtain structural information on analytes
e Sensitive to chemical contaminations, requires user maintenance
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Chromaffin cell tumors

account for about 0.2-0.6% of hypertension cases

genetic disposition or sporadic

10-17% of tumors are malignant

phaeochromocytoma (80-85%), paraganglioma (15-20%)

neuroblastoma: neural crest origin, most common malignancy at 0-1y



Norepinephrine Epinephrine
OH OH
I I M
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Diagnostic workup of catecholamine producing chromaffin cell tumors

Clinical Suspicion of Pheo

IPIasma normetanephrine

| I

Very High NMN High NMN Normal NMN

Pheo diagnosed Pheo excluded
Clonidine suppression test
Plasma NMN:NE
Abnormal Normal
Anatomic imaging (CT/MRI) Pheo excluded
| |
Abdominal mass No abdominal mass
Functional imaging Whole body CT/MRI
(MIBG or (+ A;';lét&uona! imaging
' or
FELNEL Sy PET NET ligand)
l | I
Negative Positive Negative Positive
\J
Surgery (T2 MRI positive  Surgery Follow Surgery

or large tumor)
Otherwisz, follow



Table 1. Plasma concentrations (medians and ranges) and urinary outputs of catecholamine 0-methylated metabolites in the
reference population and patients with and without PPGLs.

Test panel

Plasma free metabolites
Normetanephrine, pg/mL
Metanephrine, pg/mL
Methoxytyramine, pg/mL

Urine free metabolites
Normetanephrine, pg/day
Metanephrine, pg/day
Methoxytyramine, ug/day

Urine deconjugated metabolites
Normetanephrine, pg/day
Metanephrine, pg/day
Methoxytyramine, ug/day

Reference population®

62 (18-201)
29 (5-89)
4.9(1.4-17.6)

21 (4-100)
18 (2-61)
33 (4-136)

189 (41-803)
105 (17-446)
188 (52-2185)

Mo PPGL PPGL

n= 1820 n=236

67 (11-365) 642 (45-25444)

30(0.2-145) 120 (5-6889)
4.8(0.4-36.7) 14.1 (0.6-11444)

n=1756° n=226"

22 (1-170) 229 (9-3478)

16 (0.2-172) 64 (1-3547)

34 (2-212) 50 (8-3202)

n= 1757 n=226"
212 (26-2678) 1239 (172-21850)
108 (1-991) 419 (9-14944)
197 (20-2990) 323 (58-13031)

# Inclusion of the reference population in the table is to provide a comparison with patients without PPGLs. Specified ranges do not indicate the reference intervals that were used,
which are supplied in the online Data Supplement. Among the 590 subjects of the reference population, measurements of plasma concentrations and urinary outputs of metabolites

were not possible in up to 10 patients.

b Urinary measurements were not possible in up to 64 of the 1820 patients without PPGLs and 10 patients with PPGLs. To convert pg/ml to pmol/L and pg/day to nmol/day, divide
values for normetanephrine, metanephrine, and methoxytyramine by 0.1832, 0.1972, and 0.1672, respectively.

Eisenhofer G et al. Clin Chem 2018;64:1646.




The prerequisite of conducting efficient biochemical tests is
a precise preanalytical workflow

* Plasma tests:
 correct collection tube
e seated vs supine sampling
e sampling environment (patient stress)
e specimen storage and transport

* Urine tests:
 collected vs random urine
* pH control
e specimen storage and transport
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SUMMARY OF RECOMMENDATIONS

1.0 Biochemical Testing for Diagnosis of

Pheochromocytoma and Paraganglioma (PPGL)
1.1 We recommend that initial biochemical testing Weak recommendation

for PPGLs should include measurements of plasma free

metanephrines or urinary fractionated metanephrines.
(1|SDDD)
1.2 We suggest using liquid chromatogra

Low quality evidence

chemical diagnosis of PPGL. (2|&500)
1.3 For measurements of plasma metanephrines, we
suggest drawing blood with the patient in the supine po-
sition and use of reference intervals established in the same
position. (2|B&E00)
1.4 We recommend that all patients with positive test
results should receive appropriate follow-up according to

the extent of increased values and clinical presentation.

(1/BDO0)

Lenders JWM et al. J Clin Endocrin Metab 2014;99:1915.



Catecholamines:
epinephrine, norepinephrine, dopamine

urine: free plasma: free
extraction using  extraction using
cation exchange aluminum oxide
WE: 550 mV * WE:550 mV

analysis time: <5 min  « Sp: gmbient
e analysis time: <20 min

End products:
vanilmandelic acid, homovanillic acid

urine: free

e extraction using anion exchange
 WE: 700-850 mV

e SP:ambient

e analysis time: <20 min

Metanepbhrines:
metanephrine, normetanephrine, 3-methoxytyramine

urine: free or total

e hydrolysis of
conjugated fraction
(cc acid, 95 °C, 30 min)

* extraction using cation
exchange

e WE: 750 mV

e analysis time: <10 min

plasma: free

extraction using
cation exchange

SP: ambient

analysis time: <5 min

Electrochemical detection: amperometric 4 | “\

Working electrode: glassy carbon
Reference electrode: Ag/AgCl



1mA ImA InA

Fig. 1. Chromatograms of urinary catecholamines (A), metanephrines (B), and VMA (C) from a patient with a predominantly NE-secreting
pheochromocytoma (no. 8).

A: (1) norepinephrine, 5.1 umol/L; (2) epinephrine, 0.13 umol/L; (3) dihydroxybenzylamine (intemal standard); (4) dopamine. B: (1) normetanephrine, 19 umol/L;
(2) metanephrine, 1.0 umolL; (3) MHBA (intemal standard). C: (1) VMA, 49 umollL; (2) iso-VMA (internal standard). The 24-h urinary volume was 1.65 L.
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Introduction to mass spectrometry



Electrospray ionization (ESI) Quadrupole
Atmospheric pressure chemical ionization (APCI) lon trap

Atmospheric pressure photoionization (APPI) Linear ion trap

Electron ionization
Chemical ionization
Nanospray ionization
Spark ionization
Thermospray ionization
Field ionization

Field desorption

Fast atom bombardment
Multiphoton ionization
Plasma desorption

Laser desorption (MALDI, SELDI, infrared)

Corona discharge ionization

Quadrupole-ion trap

Time of flight

Double focussing magnetic sector
Radiofrequency mass analyzer

Fourier transformation mass analyzer
Magnetic sector

lon cyclotron resonance mass analyzer
Reversed geometry mass analyzer
Hybrid

Electronic sector

Orbitrap



Mass ranges and sensitivities attainable using various ionization techniques

10°15
(femiomole)

10-14

Sensilivity
(moles)

(picomole) en 0« 10,000 100,000 1,000,000

Mass Range
(Daltons)




Electrospray ionization

Analyte molecule Solvent Coulomb Naked charged
evaporation fission analyte

C l
. o O\t .
y — ol —— —* o
A LA o +

Spraying nozzle
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¥ * +@++ I
Charged parent T Charged progeny

¢ droplet

T. Charged droplet at droplets
l e the Rayleigh limit

Power supply
+ve PP Ve




Needle tip




Simplified overview of the electrospray unit

Mass Analyzer {quadrupole mass specirometer}

Desalvating Capillary

Lenses
Y
" D
/ °® Y !
>0 = ||| ==
. —
\ /

Capillary Neadle

|

|

Drying Gas ~ First Pumping Stage

accond Pumping Stage



Formation of adducts during electrospray ionization

Observed Explanation Mass
IM+H1T Protonation VI+1
Observed Explanation Mass
[M-H] Deprotonation M-1
[M-H-nH,0J" Deprotonation and loss of H>O M-1-(nx18)
[M+CI] lon attachment M+35 (37)
[M-2H+Na] M + Na adduct M+21
[M-H-CO,J Carbon dioxide loss M+45
[M+H+CH,CNJ* In presence of CH3CN M+42
[M+H+CH3CN+nH50]* Water-acetonitrile cluster M+42+(nx18)




Monoisotopic mass BB 384

*

Macromolecules have peak envelopes
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3% methanol

3% methanol

3% methanol

3% methanol

50% methanol

Yan X et al. Mol Cell Proteom 3 (2004), 10.
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Fic. 3. ESI mass spectra of cytochrome ¢ in water containing
3% methanol and 0.5 mm ammonium acetate. A, pH 6.4, B, pH 4.2;
C,pH 2.6; D, pH 2.3; and E, in 50% methanol and 0.5 mm ammonium
acetate at pH 3.8. (Reprinted with permission from Ref. 21.)

Native folded conformation, charge
centered on +8 charge state

Native folded conformation, charge
centered on +9 charge state



.é‘ Jde
w
5 e B+ &

Fic. 4. Positive ion ESI mass spectra = 23' Bl‘ L L l 1
of rhM-CSFp sprayed from acetoni- = v ’ ¥ T M
trile/H,O containing 0.1% trifluoroace- g 120 o 1600 1800 200 L 240
tic acid solution through a column. A, =
Native state; and B, selectively reduced 0
and blocked sulfhydryls C,;,~C, . &’

e
e
2400

Yan X et al. Mol Cell Proteom 3 (2004), 10.




Matrix-assisted laser desorption ionization



MALDI-TOF has revolutionized the identification of microorganisms in
clinical and public health laboratories

v
2
25
| =t
SE|] Overnight incubation Overnight incubation >
S e
g
EE
55
& § AST
: =
= Overnight
[ S incubation
3=
=
5
= |
g MALDI AST
R ‘ AST ‘.
w s >l |
Positive blood | § 1| P }ﬁ
cultures = | 'Le _ﬁ;:h A
l
30 min 1-3 h 24h 48h

Rodriguez-Sanchez B et al. Euro Surveill 2019;24:pii=1800193.



Matrix-assisted laser desorption ionization

M : Sample
m : Matrix .
C : Cation o %
R _ -
f\ A : Anion O m Ou"’.
. L
aser 2 A Z _th- 0-

N\

ml Slide s Sample Slide

Sample matrix mixture before laser irradiation Sample matrix mixture after laser irradiation
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Figure 1. Simplified schema of the positive ionization matrix-assisted laser desorption/ionization-time-

of-flight (MALDI-TOF) process occurring in the mass spectrometer (for details see text and Reference [15]).
The influence of the detection using either the linear or the reflector mode is emphasized in the figure.

Leopold J et al. Biomolecules 2018;8:173.



Types of MALDI matrices

* classical organic matrices
* most widely used:
e proteins - a-cyano-4-hydroxycinnamic acid (CHCA), sinapinic acid (SA)
e carbohydrates - 2,5-dihydroxybenzoic acid (DHB),
e lipids — CHCA, DHB

* liquid crystalline matrices

* inorganic matrices " ;
* graphite 5 - i 3 -
&
HO
H
0 0 0
DHB
CHCA > jums |
a-Cyano-4-hydroxy-cinnamic acid 2,5-dihydroxybenzoic acid S'nap'"'c. acid (SA) |
MW 189.17 MW 154,12 (E)-3-{4-hydroxy-3,5-dimethoxyphenyllacrylic

MW 224 21



TABLE 2 List of common matrices used for UV-MALDI methods

Chromophore matrix(es)” Sample type(s) analyzed

PA, HPA, 3-aminopicolinic acid Oligonucleotides, DNA, and biopolymers
DHB Oligosaccharides

CCA Peptides and triacylglycerol

SA Proteins

HABA Peptides, proteins, glycoproteins

MBT Peptides, proteins, synthetic polymers
DHAP Glycopeptides, phosphopeptides

THAP Oligonucleotides

“ PA, picolinic acid; HPA, 3-hydroxypicolinic acid; SA, 3,5-dimethoxy-4-
hydroxycinnamic acid; HABA, 2-( —4-hydroxyphenylazo)benzoic acid; MBT,
2-mercaptobenzothiazole; DHAP, 2,6-dihyroxyacetophenone; THAP,
2,4,6-trihydroxyacetophenone.



1. Quadrupole mass analyzers




Operating principle I

* Applied voltages:

o
< 'z' Direction >

* fixed frequency oscillating RF voltage to generate harmonic ion trajectories
* DC voltage difference between poles which defines mass resolution
* DC offset voltage: defines axial ion energy

Bl University of -
BRISTOL quadrupole rods DETECTOR

© Paul J. Gates 2014

RF
Secondary

7 e(;(it slit Resolving
IONS (to detector) -DC
ion with a
stable trajectory DC Pole
(detected) Bias Offset

source slit ion with an
unstable trajectory
(not detected)

RF
Secondary

Circuit

Resolving
+DC




Types of tandem-in-space MS? experiments

(MS1) (CID Collision Cell) (MS2)

Product lon Scanning Neutral Loss Scanning
—_— —_— —
—_— —

_— —

O O
selected m/z Scanning scanning scanning with fixed
offset
Precursor lon Scanning Multipe Reaction Monitoring
—
—_— —

— _—
_—
C_O oy XD O

scanning selected m/z selected m/z selected m/z



Screening neonates for inborn metabolic diseases

Samples are taken 48-72 h after birth

- e
e 9
4

https://www.youtube.com/watch?v=vxshWngJ114



https://www.youtube.com/watch?v=vxshWngJ114

Targeted inborn disorders-|

* Disorders of amino acid metabolism

Phenylketonuria (Phenylalanine acculumates, 1:17 000)

Maple syrup disease (leucine, isoleucine and valine breakdown impaired, ketoacids
accumulate, 1:150 000))

Tyrosinaemia types | and Il (tyrosine accumulates, type I: 1:100 000)
Citrullinaemia | (urea cycle affected, ammonia accumulates, 1:57 000)
Arginosuccinate aciduria (urea cycle affected, ammonia accumulates, 1:70 000)

Homocystinuria (methionine breakdown impaired, homocysteine and methionine
accumulate in plasma, 1:100 000)

* Fatty acid oxidation disorders

Short-chain acyl-CoA dehydrogenase deficiency (SCAD)
Middle-chain acyl-CoA dehydrogenase deficiency (MCAD)
Long-chain hydroxyacyl-CoA dehydrogenase deficiency (LCHAD)
Very long-chain acyl-CoA dehydrogenase deficiency (VLCAD)
Multiplex acyl-CoA dehydrogenase deficiency (MADD)
Carnitine-palmitoyl transferase deficiency (CPT-I, CPT-II)
Carnitine transport disorder (CT)



Targeted inborn disorders-I|

* Disorders of organic acid metabolism
* Beta-ketothiolase deficiency
e Glutaric acidemia type 1
* Isovaleric acidemia
 Methylmalonic acidemia
* Propionic acidemia
* 3-hydroxy-3-methylglutaryl-CoA lyase deficiency
* 3-methylcrotonyl-CoA carboxylase deficiency
* Multiplex carboxylase deficiency

* Endocrine and other disorders
* Hypothyreosis
* Galactosemia
* Biotinidase deficiency



The intracellular processing of fatty acids

@

Short-chain fatty acid: C2-C5

Middle-chain fatty acid: C6-C13 _«

Long-chain fatty acid: C14- l ' g."ﬁ“{ﬁ”"

FIGURE 1. Fatty acids oxidation during fusting

During periods of fasting, fatty acids released from the adipose tissues are oxidized in the
liver, skeletal muscle, and cardiac muscle for energy production. The brain does not directly
utilize fatty acids, but oxidizes ketone bodies denved from f-oxidation of fatty acids in the
liver. When fatty acid oxidation is defective, fats released from the adipose tissue cannot be
oxidized, and accumulate in organs such as the skeletal and cardiac muscles, impairing their
function. Moreover, the liver is unable to produce ketones bodies resulting in energy
deficiency



The intracellular processing of fatty acids

Free Fatty Acids \ Coenzyme A or Acetyl CoA
Carnitine p ' ~ Free Fatty Acids ; Acyl-COAS

Short/Medium Chain

Blood X - Acyl-CoAs
Carnitine

Long Chain . carnitine
Acyl-CoAs

Long Chain
Acylcarnitines

|
i

IMS IIVIN

El-Gharbawy A et al. Pediatr Clin North Am 2018;65:317
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IEMs Associated with Myopathy Inheritance Clinical Phenotype
Defects in energy metabolism
Carnitine shuttle defects
Primary systemic carnitine deficiency AR HCM, hypotonia, muscle weakness, fatigue
Camitine palmitoy] transferase deficiency type 2 (CPT2) AR Muscle weakness, rhabdomyolysis, exercise intolerance
defici b (1solated muscle phenotype), CM, hepatomegaly,
eHciency hypoglycemia, seizures, cystic kidneys (severe infantile)
Camitine acylcarnitine translocase (CACT) deficiency AR CM, arthythmias, muscle damage, hepatomegaly,
hypoglycemia
FAODs
. h AR HCM, arrthythmias, sudden death, muscle weakness, exercise
VLCAD deficiency intolerance, recurrent rhabdomyolysis, hypoketotic
hypoglycemia, “Reye-like” hepatic syndrome
. b AR Sudden death, “Reye-like™ hepatic syndrome, hypoketotic
LCHAD deficiency hypoglycemia, myopathy, recurrent rhabdomyolysis, CM,
retinopathy
TFP defici b AR Sudden death, “Reye-like™ hepatic syndrome, hypoketotic
cHiclency hypoglycemia, CM, recurrent, rhabdomyolysis, penipheral
neuropathy
MAD deficiency AR Muscle weakness, CM, hypoglycemia, hepatopathy,
respiratory dysfunction, encephalopathy, acidosis
Mitochondnal respiratory chain defects
Respiratory chain complexes [-V AR Myopathy, CM, hepatopathy, Leigh syndrome, epilepsy,

developmental delay + lactic acidosis

Coenzyme () deficiency

Myopathy, proteinuria, ataxia, low tissue Coenzyme (),
corrected by Coenzyme () supplementation

e

El-Gharbawy A et al. Pediatr Clin North Am 2018;65:317
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https://onlinelibrary.wiley.com/doi/epdf/10.1002/rcm.6856



https://onlinelibrary.wiley.com/doi/epdf/10.1002/rcm.6856

Fragment-lon m/z = 85

i

() R
(CH3)3N~ o o
—_— H{CH3}3 + R‘{ + C4Hg + HIC-P_CH:EH%
le O OH OH

Abbildung 7:  Fragmentierung der butylierten Acylcarnitine unter Abspaltung des charakteristischen Fragment-lons
m/z = 85
R = Alkylrest (z.B. R = CH: fir Acetylcarnitin)




Assayed metabolites

 Amino acids with neutral loss scan m/z=102
e Ala, Asp, Glu, Leu, Met, Phe, Tyr, Val

* Amino acids and succinylacetone (SUAC) using multiple reaction monitoring
* Arg, Cit, Gly, Orn, Pro, SUAC

* Acylcarnitines and free carnitine using precursor scan of m/z=85
* Carnitine, C2-carnitine, C3-carnitine, C4-carnitine, C5-carnitine, C6DC-carnitine, C6-
carnitine, C8-carnitine, C10-carnitine, C12-carnitine, C14-carnitine, C16-carnitine,
C1l7-carnitine



Sample preparation

Punch out 3.2 mm dried blood spots into a 96-well plate
add 200 pL internal standard mixture, agitate for 20 min
transfer supernatant, evaporate to dryness

add solution of derivatizing reagent, incubate

evaporate to dryness

add reconstitution solution, agitate briefly

inject aliquot into the LC-MS/MS system



Analysis using LC-MS/MS

* HPLC: isocratic, flow-injection analysis is used (no analytical column)
* ionization: (+) ESI

* mass analyzer: triple quadrupole



Screening method m/z=172

NeoBase IS-Phe
m/z=166
Phe
PKU Phe
m/z=166

Screening method
NeoBase

C4H,,NO,
165.2 ... phenylketonuria

m/z=172
IS-Phe
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e Screening, diagnosis and therapy monitoring:

* Congenital adrenal hyperplasia

e 21-hydroxylase deficiency (CYP21A2)

e 11B-hydroxylase deficiency

* 17a-hydroxylase/17-20 lyase deficiency (CYP17A) o [cm;;;em
* 3B-hydroxysteroid dehydrogenase deficiency
e Congenital lipoid adrenal hyperplasia

* P450 oxydoreductase deficiency
Cushing syndrome

Primary/secondary adrenocortical insufficiency

hyperaldosteronism
adrenocortical tumors

other functional changes in the HPA axis

adverse effects of drug therapies
Polycystic ovary syndrome

(suoqued 1Z) suabeisaboid

(suoqied gT) suaboipuy

|cleavage enzyme }

Mineralocorticoids
(21 carbons)

Diagnostic applications of the analysis of serum steroid profiles using LC-MS/MS
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Figure 3. The cortisol-cortisone shuttle.

LIVER :
Adipose ﬁﬂm »|__Cortisol Cortisol
CNS KIDNEY
Placenta 11B-HSD1 Colon

Sweat Glands
Salivary Glands
Placenta

Cortisone Cortisone | Cortisone

The effect of cortisol on the mineralocorticoid receptor (for example, in the kidney) is prevented by metabolism to inactive cortisone by the enzyme
113-hydroxysteroid dehydrogenase type 2 (113-HSDZ2). Cortisone can be reactivated to cortisol by the enzyme 11B-hydroxysteroid dehydrogenase type
1 (11B-HSD1I). When cortisol level is very high (as in the Cushing syndrome), not all of the excess cortisol can be inactivated to cortisone, and the effects
of mineralocorticoid excess (for example, hypertension and hypokalemia) can occur. Modified from Seckl JR, Walker BR. Minireview: 113-hydroxy-
steroid dehydrogenase type 1—a tissue-specific amplifier of glucocorticoid action. Endocrinology. 2001;142(4):1371-6, with permission from The
Endocrine Society (19). CNS = central nervous system.

932‘ 17 June 2003 |Annals of Internal Medicine ‘ Volume 138 * Number 12 www.annals.org



Choesterol Laboratory parameters
StAR Mineralocorticoids Glucocorticoids Sex hormones
protein \ g Dehydroepiandrosterone sulfate
Adrenal
17a-hydroxylase 17,20 Lyase Dehydroepi- 17p-HSD
ACTH ) P .
Pregnenclone —w—=17-0OH pregnenclone androsterone Androstenediol
- - - - -
Somaga Vrrsﬁ HSD \Tfﬁﬁ HSD vlvs 3p-HSD ‘Tfﬂﬁ HSD
LH/FSH 17a-hydroxylase 17,20 Lyase 17p-HSD
Progesterone —wv=—=17-0OH progesterone Androstenedione Testosterone
| | 1 :
fozi-hydrnxylase \*’21 -hydroxylase Aromatase : Aromatase
_ _ Y 17p-HSD T
Deoxycorticosterone 11-deoxycortisol Estrone = Estradiol
11p-hydroxylase 'Mrv’ 11p-hydroxylase
Corticosterone Cortisol
- l 18-hydroxylase
/+ cortisone N

18-0H corticosterone

l 18-0OH dehydrogenase

Aldosterone + estriol

AN

+ 21-deoxycortisol
+ dihydrotestosterone

Present in adrenal &
gonadal tissue

4

Pang S. Trends Endocrinol Metab 1998;9:82-6.



Method in serum:

e sample preparation:
e 200 pL serum + 600 pL methanol containing internal standards
e vortex
* Dilute 400 puL with 400 ul water
* Apply to Strata-X solid phase extraction cartridge
* Wash with water-methanol 3:1
* Elute with acetonitrile-methanol 1:1
* Evaporate to dryness
e Reconstitute with 50 pL water-methanol 1:1

 analysis: LC-ESI(+)-MS/MS, run time: 2x6 min
e SP: C18 50x2.1 mm, 1.7 um + biphenyl 50x2.1 mm, 1.7 um
 MP: water (A), methanol (B), both containing 0.1% formic acid
e sample volume: 5 uL, 15 °C
* FR: 0.33 mL/min
e CTO:35°C
e MS mode: MRM
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Healthy adrenal cortex (boy, 6 )
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Results of ACTH stimulation test in healthy girl (11y)

aldosterone (ng/dL) <2.0 7.9

androstenedione (ng/dL) 120 120
DHEA (ng/dL) 315 483
DHEAS (ug/dL) <10 14

11-deoxycorticosterone (ng/dL) 6.4 24.7
11-deoxycortisol (ng/dL) 33.9 151
21-deoxycortisol (ng/dL) 9.7 48.2
dihydrotestosterone (ng/dL) 10.9 13.1
17a-hydroxypregnenolone (ng/dL) <30 103
17a-hydroxyprogesterone (ng/dL) 191 484
corticosterone (ng/dL) 100 1687
cortisol (pg/dL) 18.4 23.6
cortisone (ug/dL) 2.8 2.7

pregnenolone (ng/dL) <30 <30
progesterone (ng/dL) 56.7 127

testosterone (ng/dL) 45.4 33.0



Results of a dexamethasone suppression test (girl, 16y)
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Classical congenital adrenal hyperplasia (boy, 11y)

900
800
700
600
500
400
300
200
100 II
NIENIENEINENENEOEOIEOIEO SIS
\,\\‘?o \(\Qo \Q‘?o \,\\Qo \é’o \Q‘?o \.\\Qo \(\Qo \Q‘?o \J\\Qo \J\\Qo \(\Qo \Q‘?o
QT QST QT 0L QTR RS RSTRTRT
QO O KOO P ) O O O O O © ©
¢ N &L o & ¢ QI ¢
A & Q A o O o & 4 o & o A
S x§ v N A o & S o & S S
P & & F N F L
> o O XN o > 2 o %
& > o) o) <& Q . Q\ o Q QK &
Qe N AY o F P %
® & ®
N 3
N NI

18
16

o N B O

DHEAS kortizol

(pg/dl)

(pg/dl)

kortizon
(ng/dl)



Time-of-flight mass analyzers
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Molecular beam | lon detector
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Quadrupole-time-of-flight mass analyzers
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Clarke AE et al. Clin Microbiol
Rev 2013;26:547-603.
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Fig. 3. MALDI spectra obtained from direct analysis of intact bacterial cells of 5. aureus, E. faecalis, E. coli, and V.
parahaemolyticus.
Spectra were acquired in the linear mode using a time-of-flight mass spectrometer. Each sample contained 107 CFU bacteria.
a.u., arbitrary units.
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low molecular weight
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Figure 4 | Representative MALDI-TOF mass spectra of LLC-MK2 cells infected with the Picornaviridae family members human coxsackievirus Bl and
human echovirus 9 and uninfected cells, and ClinPro Tools comparative analysis with the Sabin poliovirus type 1, 2,and 3 strains. (a) Spectra of LLC-
MK2 cells infected with human coxsackievirus Bl and human echovirus 9 (“Coxsackie Bl-infected cells” and “Echovirus 9-infected cells”) compared
with the protein profile of LLC-MK2 uninfected cells in the m/z range of 2 to 20 KDa. Molecular weight values are indicated on peak tops. (b,c) Spectra
view of the average spectra of human coxsackievirus Bl (b) and human echovirus 9 (¢) compared by ClinPro Tools in the mass range 7,400-7,900 Da with
the average spectra of the 3 Sabin poliovirus strains (poliovirus type 1; poliovirus type 2; poliovirus type 3) and uninfected LLC-MK2 cells.

Figure ! | Representative MALDI-TOF mass spectra of Sabin poliovirus-infected and wninfected LLC-ME? cells and comparative analysis by
ClinPro Toals software. The spectra of LLC-ME2 cells infected with human poliovirus types 1, 2, 3 (' Polsovirs type 1-infected cells™, “Poliovirus type 2-
mnfected cells™, “Poliovirus type 3-infected cells ), with pointed average masces, are compared in the mi'z range 2 o 20 KDa (a=c) and 17 to 50 Kla(e-g)
with the spectra of LLC-ME2 uninfected cells {d.h). {i,j) Spectra view of the Average spectra profiles in the mass range 7,400-7,900 Da (i} and in

the mass range 36,000 to 35,000 Da (j] of LLC-MEK2 cells infected with the 3 different poliovirus serotypes with LLC-MEZ2 uninfected cells.

Calderaro A et al. Sci Rep 2014;4:6803.



TABLE |. Performance of matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF MS)

identification with routine samples in clinical microbiology laboratories

Manufacturer of Overall correct Overall correct Correct identification of Correct identification of

Number of the MALDI-TOF identification at the identification at Gram-negative bacteria  Gram-positive bacteria

isolates tested MS system species level (%) the genus level (%) at the species level (%) at the species level (%) References
16607 Bruker Daltonics GmbH  84.1 1.3 MNA MNA, [

13717 Bruker Daltonics GmbH  91.7 28 88.8 88.0 [14]

7207 Bruker Daltonics GmbH 936 MNA 98.2 839 [13]

7207 Shimadzu Corporation 88.3 NA 94.8 75.6 [13]

1116 Bruker Daltonics GmbH  95.2 48 93.8 971.7 [10]

NA, not available.
*Prospective study.
hRetmsp&cﬁve study.

Bizzini A, Greub G. Clin Microbiol Infect 2010;16:1614.
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Tagldent tool (formerly GuessProt)

Home | Contact

Tagldent is a tool which allows

1. the generation of a list of proteins close to a given pl and Mw,

2. the identification of proteins by matching a short sequence tag of up to 6 amino acids against proteins in UniProtKB/Swiss-Prot close to a given pl and Mw,

3. the identification of proteins by their mass, if this mass has been determined by mass spectrometric techniques

for one or more species and with an optional keyword [references].

Documentation is available.

Fill out in the following form the p/ (isoelectric point) and Mw (molecular weight) you wa
values in which the search should take place. Leave empty if you don't want to specify

The "Organism Name or Classfication or NCBI_TaxID" field allows you to specify terms
will only be returned, if all the given terms appear in either the O5 or OC or OX lines of
particular be aware that if you enter "rat”, all taxonomical terms containing the substring
even better its TaxID "10116") narrows down your search and probably corresponds betl

Scan in UniProtKB/Swiss-Prot can be restricted by the use of a keyword. This should b
keywords.

For example, entering the following values:

pI min = 5.15

Table 1. Peaks identified to separate the clusters.

Peak Cluster 1 isolates 11 and  Cluster 2 | Possible proteins (from Tagldent)

Position 12

3444 Yes Yes No Protamine-like protein

5873 Yes Yes No Regulatory protein MokB

6539 Yes No No 50S ribosomal protein L30

7173 Yes No No Pilin; Protein CopA/IncA

7650 No No Yes Response regulator inhibitor for tor operon; Protein KleB; Protein IscX; Cold shock-like protein
CspH

7708 Yes Yes No Response regulator inhibitor for tor operon; Protein KleB; Protein IscX; Cold shock-like protein
CspH

8326 Yes Yes No Tautomerase PptA; Dihydrofolate reductase type 2; Ferrous iron transport protein A

8350 No No yes Tautomerase PptA; Dihydrofolate reductase type 2; Ferrous iron transport protein A

9712 No No yes 30S ribosomal protein S$17; Regulatory protein AriR; UPF0386 protein YjhX; Acid stress
chaperone HdeA

9739 Yes Yes No 308 ribosomal protein S; Regulatory protein AriR 17, UPF0386 protein YjhX; Acid stress
chaperone HdeA

10463 Yes Yes No 308 ribosomal protein S19; Sugar fermentation stimulation protein B

10489 No No Yes 30S ribosomal protein $19; Sugar fermentation stimulation protein B

doi:10.1371/journal. pone.0164260.t001
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Orbitrap mass analyzer
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Savaryn JP et al. Proteomics 2016;16:2435.
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Orbitrap mass analyzer




Advanced Active Beam
Guide (AABG) with axial
gradient

Reduces noise and
increases robustness by
preventing neutrals from
entering the quadrupole
mass filter and by
eliminating effects of local
charging

https://assets.thermofisher.com/TFS-Assets/CMD/brochures/br-65448-ms-
orbitrap-exploris-480-br65448-en.pdf

Advanced Quadrupole Technology (AQT)

Improves sensitivity with 0.4 Da FWHM

precursor isolation widths and prolongs Independent charge detector
endurance with configuration switching Improves control of ion fills with

automatic gain control (AGC)

Ultra-high field Orbitrap

mass analyzer

Resolution up to 480,000 (FWHM)
at m/z 200 and acquisition rates up

to 40 Hz, enable TurboTMT and \ ::OHfIZOLtIting mul't‘ipolet(IR(;\llzj o .
improved manifold and pumping S CYnanNg, G oneet N Happig
and performs higher-energy collisional

dissociation (HCD) fragmentation

https://www.youtube.com/watch?v=RsFsaCkVgxM



