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B PIB why metrology and traceability?

Metrological traceability

Property of a measurement result whereby the result can be
related to a reference through a documented unbroken chain of
calibrations, each contributing to the measurement uncertainty

Advantages of results traceable to the Sl

» Comparability over a longer period of time

» Comparability even between laboratories and
different measurement procedures

» Enable establishing universal cut-off values

» Results not depending on one calibrator
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PTB Traceability in laboratory medicine OIS

Cu Mg

Sl

NMIs and DlIs

Solution of pure analyte
Secondary calibrator
Matrix reference material
Master calibrator
. Manufacturer’s inhouse RM
Routine

|ab0ratories/ Customers’ calibrator

Clin. laboratory’s inhouse RM

Patients’ samples
Blood, serum, CSF, etc.

05.12.2017 3
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B Requirements and challenges e
sample spike
Reference measurement procedures X *
» Only for a few peptides and proteins available yet D O ™ ] D M
> Exact definition of the analyte ' > |
» Mainly immune based methods = rather harmonisation then -
standardisation H ]
M
blend

and/or

Certified reference materials

» Only very few commercially available

’M-DA47 0K/
» Clear definition of the important quantity (total content, specific < b

fMan Serum
vitro use only)

modifications,...) e

e =

—————

= Alzheimer's Association Global Biomarker Standardization Consortium (GBSC) for QC;
IFCC working group CSF for standardisation of § amyoid,_,, for development of RMP and

CRM (. Kuhlmann et al., Clin. Chim. Acta 2017, 467, 27-33)
05.12.2017 4
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PTB Motivation

Al
Fe) B Zn
CLIJ Mg

B amyloid 1-42 Physiological function unknown, formation of plaques in
the brain during aging, increased in Alzheimer patients
T-protein Stabilisation of microtubules in neurons, formation of
tangles in the brain during aging, increased in Alzheimer
patients
N Median Ref normal | borderline pathological
AR1-42 | Kit1l | 39 517 | med. 500 18 11 10
he unacce¢ptable larpe variatign of the labjoratory own cut-off values leads to flalse
gaHMf_&nd Izﬁlzqe RPS itivegj@\gnostigS'hnterpretaéions. Thisoquest ons th@ practical
evance of dementiamarker analysis. “
ciber et al|., .JJ Algheimers Dis Rarkinsaonisim 2014, 4(3))
totTau | Kitl | 42 442 med. 450 21 6 12
totTau | Kit2 | 8 501 466 4 2 2
PTau | Kitl | 40 33 40 0 0

05.12.2017

All concentrations given in ng/L



SHUTTLES
FOR
METALS:

OXIDATIVE
STRESS
PREVENTION

05.12.2017

BPIB potential markers for Alzheimer's disease

Human serum
albumin (HSA)

Ferritin (FER)

Transferrin (TRF)

Haemoglobin
(HGB)

Cu, Zn-superoxide
dismutase (SOD1)

Ceruloplasmin
(CER)

Regulation of colloidal osmotic pressure of
blood, unspecific binding of metals (including
toxic ones)

Fe storage protein, incorporation also of other
metals (including toxic ones) with similar
properties

Fe transport protein, Fe is suspected to be
involved in plague formation, free Fe causes
oxidative stress

O, transport protein, used for control of blood
contamination in CSF

Oxidative stress preventation, acute phase
protein, indication for inflammation processes

Cu storage protein, ferroxidase, Cu is suspected
to be involved in plaque formation



Isotope Dilution (ID)

sample x/

reference z

Reference measurement procedure

A X

| A=

spike y

A X

v

05.12.2017

blend bx/bz
A X
mass fraction
> W,
M
[
» Double (inverse) isotope dilution

no spike calibration
no K factors needed (in most cases)

Exact matching

isotope ratio of blends near unity

equal blend amounts

no dead time, background, ... correction
both blends share the same “fate”
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2 PIB EMPIR project 15HLT02 ReMiND

Cu Mg

Correlation metal
content &
biomarkers

=

Correlation Correlation metal

metalloprotein <> _content <>
established isotope ratio
biomarkers
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-- SERS based immuno assay for quantifi-
cation of T-tau

o _ Dot Blot Western Blot
specific interactions (tau protein) (pig brain extract)
—— N N
X DTNB: N & & Q
Ellman’s reagent oy o @(b a @(b
> ) 9 E B momL R koa
(o) (0] _1 J—
x s —190 —
. " ) O 98
| T ‘g —01 — — 50 —
separation  detection, e —001— @ ' —37— .
quantification S 000l . —ax” =
,1 —60 ng/mL —_ %8 _
UV/Vis Raman
10} p— ——"DTNB
- g+ R?=99,86 — N.DTNB
5 AuNP e I
= DTNB N £
3 tau antibody § )
_czu % Uzihz z;:redil;eted)”
S >
7 £
< 5
IS
)
0.9

500 525 5.‘) 800 1000 1200 1400 1600
Wavelength / nm Raman Shift / cm™
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PTB Determination of T-tau and P-tau
Workflow

b | :
e | ?" J ; ICP-MS guantify
T3 f total tau &
i \ L phospho-tau
Brain from tau transgenic mice Neuron Tau protein
Alzheimer‘s disease model
Preliminary tests:
e 68 - Biochemical evaluation of antibodies

BIEE | e - Testing of different protein extraction and

5 ' e immunopurification methods

2 _

E Mr L66 wild-type
{kDa)

.100um 100um 130 - L 2 . 2 & 7 8 .
= — — transgenic - inherent
DG DG 55_-“--'

g L et 3- tau

b, G0 B0 N 25-

3 e L N

a E .‘. : d 15-

| | e . : m(l’ﬂ 10 -1 min

Immunohistopathological staining of Immuno-blotting of tau

tau and phospho-tau in mouse brain in mouse brain lysate

DG: Dentate Gyrus
05.12.2017 10



IPIB Determination of T-tau and P-tau

3 1 . - 2500000 . . .
Brain-homogenate To many peptides in brain homogenate to allow
225
g TP paowoojdentification of tau derived peptides
= ] —S-32
31.5 . ~——BPC(qTOF)- 1500000 &
9 l =
E 1 4 s A L 1000000 § P'eanChement Vla
*:;0.5 l _ ags . 0 _ . 0
2 . | 00000 Al-silicate spin column (75 % recovery, S-depletion 10 %)
g 0 - . .
GdO-nanopatrticles (60-80 % recovery, S-depletion 20 %)
0.5 -
0 10 20 30 40 50 60
Retetion time (min)
1000000 70000 -
P-31 trace . $-32 trace .
900000 - control control
60000 -

800000 - e———=supernatant e———=supernatant
700000 - eluate 350000 ] eluate
gsooooo 1 5 40000 -
= 500000 - =
',_%400000 1 L% 30000 1
8300000 . l L < 20000 -

200000 o

100000 - ‘I' 10000 1 e

0 . . A — : . 0 - . . —
0 5 10 15 20 25 30 0 5 10 15 20 25 30
retention time (min) retention time (min)
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PIB

Quantification of -amyloid using amino
acid analysis (AAA)

B-Amyloid (1-40)
DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV

B-Amyloid (1-42)

DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA

RT.000-1501 RT000- 1502 RT.8.41
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E ML 100 3 .
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E . Tc ws 80 3 A|| RT: 12.00
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IE I ancgo2) A4 35267 an 9508 P Jom .I Uf 189 999 325375 48249 577 683 [ 1285 1447 1481
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o] < - |
s0] | |
=
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655 1
— | —
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£ 555
i —> i
£ '
£ ] |
355 |
303 | | | l
o] . |
e
153 | | |
10 [ |
! - ] | I
00000000000000000000 S o o T o L o B A = P T TN ¢ A T e T
e
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Quantification of B-amyloid using AAA

Sodium sulfate to label biomass to obtain > 95% 34S Met sulf and Cys Ac
biomass highly enriched in 34S For absolute protein quantification via ICP-MS

QAR Hydrolysis LC-ICP-MS
and spiking

Spiked protein hydrolysate

Prima,

¥ Prote;,
Seque €10 Structyrg

nee of i
a thain gf aMming apiy
s

— 345 Trace

32S Trace
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PTB Total metal content and isotope ratios

Cu Mg

Metals suspected to facilitate aggregation of
B-amyloid

» Leasions in the brain caused by free and/or
toxic metal ions

» Lack of essential elements can lead to brain
malfunction

First results for CSF (Randox L2)

http://www.kavlifoundation.org/learn-

more-about-brain-activity-map
Element Conc. / ngl/g
Cu 1.3+0.04
L : : Zn 30.4+£0.3
Changes in biological pathways already early on in

the course of disease can lead to changes in

_ _ _ Determined with double IDMS after acidic
isotope ratios of elements involved

o _ microwave digestion and detection with ICP-MS
= Sensitive markers as early-warning system

05.12.2017 14



PTB Total metal content

B NWTM 25.5 certified values
B NWTM 25.5 measured (n=8) MR
M NWTM 25.5 measured (n=8) HR

o6 : o Sector field ICP-MS
HIT'E 5.00 H
é 4,00 II
§ a0 Advantage:
é 2.00 II I
100 High resolution of interferences
0.00 N
Fe56 Fe57 Cub3 Cu65 Zn66 2Zn67 Cd111 Pb206 Pb208 High sensitivity at low resolution

Water reference material/ QC sample

Disadvantage:

M Instrumental Qls W Method QlLs (NaCl) B Method QLs (NaCl+Glucose)
0.60

0.50

Large sample volumes required

040

= Not available for CSF samples
0.30
0.20 0.171
| Al 3 Il
0.01
_— el .

Mg24(MR) Cu63(MR) Zn66{MR) Cd111(MR) Pb208(MR) Fe56(HR)

Concentration (g L]

(=]

Instrumental/procedural limits of quantification

05.12.2017 15
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PTB Total metal content in CSF

Cu MQ

HPLC (Flow Injection) ICP-MS/MS

/ Mixing valve /

e) H,/0,

|0 = |—
aN
/

Peristaltic pump

65Cu-Spike addition

05.12.2017 16



Whole blood Fe isotope ratios reflect iron status

-4.0 -35 -3.0 -2.5 -2.0

55¢Fe

» Individuals with anemia of chronic disease show
abberant results

PTB Metal isotope ratios

Serum Cu isotope ratio indicates liver problems

[Cu], mg/L
0.0 0.5 1.0 1.5 2.0 2.5
0.2 . . : : )
0.0 -
o
[°] g 2 o
-0.2 1 &éo g FY l @ T
- - a o
N -0.4 A - ¢ éé F3 é + e T
o L R NG S
0w L N I
o -0.6 1 1
4+ * o ¢ i
-0.8 *s E'S
-1.0 - ¢+ 4 )
o B ¢
1.2 t ?
% - e Reference
-1.4 1 . 4 . . )
¢ Liver Cirrhosis

-1.6 -

» Link between 65Cu/%3Cu & severity of
condition

» Individuals with heochromatosis show abberant results > Successful >Cu/3Cu follow-up after liver

transplantation

i

Van Heghe et al, Metallomics, 5, 1503-1509, 2013

05.12.2017

UNE%TEW Costas-Rodriguez et al, Metallomics, 7,491-498, 2015
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Traceable quantification of metalloprotemsﬁ%“

J

«

Key Analytical Challenges

Analytical challenges s Metrological approach

= Low concentrations of metals/ \ KMiniaturised high resolution
biomolecules in serum, CSF and separation techniques (ul/nl flow
brain tissues rates and sample injection) and

minimised interaction of the
biomolecules with surfaces
» Interference-reducing ICP-MS (e.qg.

= Very small samples ( low pL)
= Complex matrices

= Potential species transformation? QQQICP-MS)
= Unavailable well characterised » Strategies for the production and
calibrants/spikes characterisation of calibrants/spikes

» Isotope dilution calibration

05.12.2017 18



PTB Traceable quantification of metalloproteins%%

Species specific IDMS

» Exchange of natural metal ions in proteins: SOD1, CER, ALB, TRF, FER

~
7
H

//C : CHy
/ o 1 :I/n:hrfi\?__;rh
o8 } 57Fe?"y:";;; reassembling of
HyC— e . g™
free o- and B-chains w4t e 57Fe-HGB

natural HGB L.

P ™
2] o
o'-‘J‘\oH fo'" “OH

» Recombinant production of isotopically enriched proteins and peptides: FER, P-peptides

05.12.2017 19
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SOD1

3000000 A

0,01

0,62 0,63 0,64
¢/ mglg

LOD: 0.053 ug/g
LOQ: 0.158 pg/g

0,05

0,06

0,07

20

area/1ls

2000000

BOOOKOD

7000000

BOOOOD

5000000

4000000

3000000

2000000

1000000

IPIB ouantification of metalloproteins in CSF

HBA,

LOD: 0.733 pg/g
LOQ: 2.20 pg/g

Al
Fe Zn
Cutmg



BPIB pPlanned acitivities

» Serum
MODEL SAMPLES » Atrtificial CSF

» Brain homogenates

/@ REAL SAMPLES » Mice samples
» Human samples

» Tau-transgenic mice samples (Charité)

P301S G335D

— L66 transgenic mice overexpress longest human tau isoform (441 AA) 4, 4 1 Tau e
— Htau40 including 2 aggregation promoting mutations, P301S & G335D _ﬂ —
Line 66

Melis, V., et al. Cellular and molecular life sciences 72.11 (2015): 2199-2222.

» B-amyloid overexpressing mice samples (University of Aberdeen)

05.12.2017 21
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Al
Fe Zn
Cu Mg

Stakeholder workshop at kick-off meeting 2016
Workshop at Metallomics 2017 with invited speakers

Presentations (oral / poster) at conferences a.o.:
Metallomics 2017

Emerging Analytical Professionals Conference 2017
14" International Conference on Nanosciences and Nanotechnologies

Presentation at Euramet TC-MC meeting

22



IPIB consortium

Coordination, lead WP1
Determination of proteins using ICP-MS fa

and Raman

Lead WP2
Multielemental and
isotopic analysis

Lead WP4 (Impact)

Quantification of potential biomarkers,

provision of animal models

Multielemental and
isotopic analysis

Quantification of metals and &
metalloproteins

—TiBiTA—

UME

05.12.2017

Al
Fe Zn
Cu Mg

aPIB

Buuluchm ggggggg

Lead WP 3
Quantification of metal containing
biomolecules

&

n
%UN[VERSIT‘Y
~¥ of ABERDEEN

Quantification of metal and
provision of animal models

C l \ :
UNIVERSITATSMEDIZIN BERLIN

Isotopic analysis in L
i UNIVERSITEIT
metalloproteins GENT
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B PIB collavorators /5}/

INSTAND e.V.

Sigma-Aldrich

McGill University

NIST

Biobank of the Hertie Institute for Brain research
NIS

NIM China
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