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The Link from HPLC to
|Isotope Ratio MS...

The Thermo Scientific LC IsoLink is the first high

sensitivity interface connecting HPLC with Isotope

Ratio MS (IRMS) for reproducible and accurate

on-line determination of '3C/'2C isotope ratios. All

organic compounds eluting from an HPLC column

are analyzed while maintaining the chromato- 0} Clow
graphic resolution, opening up a new frontier in the

application of isotope ratio mass spectrometry. e
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Unique Features of the LC IsoLink:

* On-line coupling of HPLC and Isotope Ratio MS

* |sotope ratio data acquired on an HPLC time scale

* Preserves the integrity of chromatographic resolution

e Sample analysis in the low nanomole range

e Accurate and reproducible results
Derrg VAowantage
e Direct injection of reference materials - i
¢ Maintenance-free operation

* High throughput

e Capability for full automation




Carbohydrates are one of the largest and

most common families of molecules in life.

They serve as energy resource, backbone of
DNA and RNA, carrier of biologically active
compounds, and as structure building

material in plants. Sugars can carry
information of their origin and processing.
If isotopically labeled, they tell us about
their pathways and use.

Paracetamol

Because pharmaceuticals are produced
at various sites with different prices and
different formulations, it is essential for
both the producers and consumers to be
able to distinguish between originals and
generics. Aspirin® and Paracetamol are
representatives of mass produced drugs
with a wide range of origin and price.

Aspirin®
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Sugars on a cation exchange column.

...for a wide Range of

The Thermo Scientific LC IsoLink is built to
directly address the analysis of polar and
thermolabile compounds. Most of these

compounds (such as amino acids, peptides,

carbohydrates, nucleotides, alcohols,
organic acids, sulfa drugs, and many more)
can be chromatographically separated in
aqueous phase using inorganic buffers on
ion exchange, size exclusion, or specific
reversed phase HPLC columns. The LC
IsoLink enables the on-line high precision
determination of the 'C/'C isotope ratio
of each separated component.
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Drugs on a HyPURITY AQUASTAR™ HPLC column.

Applications...

e Metabolism Studies

— Tracer experiments with
amino acids, lipids,
carbohydrates

— Nucleotide analysis for
DNA synthesis rates

e Food and Food Ingredients

— Authentication of honey and
fruit juices
— Determining origin of flavors

and nutrients

— Analysis of phospholipids,
carbohydrates, amino acids
and vitamins

¢ Pharmaceuticals
— Authenticity control of drugs

— Investigation of agents
and additives

¢ Doping control

— Analysis of steroids
and hormones

¢ Biogeochemistry

— History of biomolecules in
sediments and soils
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Amino acids and peptides are the basic elements for building
proteins. Their structure and metabolism are of major interest in
medicine and biology. Either naturally occurring isotope differences

Archaeological Bone Collagen

The reconstruction of ancient diets using body tissue stable isotope
values is an important aspect of paleodietary studies which provide

or labelling experiments can be used to give insight into their

pathways.

14000

Di-peptide

12000

~Reference
gas pulses

¥

10000

Tetra-peptide

8000

m/z 44 (mV)

6000

4000

( Tryptophane

2000
0 100 200 300 400 500 600 700

Time (s)

Short-chained peptides and amino acid on a C18 reversed phase

endcapped column.

archaeological science with a quantitative understanding of what

people consumed in the past.

Isotopic studies of diet are based on the principle “You are
what you eat”, and collagen, being a well-preserved protein found
in bone, has been most often used for these purposes.

Isotopic signatures of individual amino acids can differ
consistently and widely from each other. More dietary information
is potentially available at the individual amino acid level.

Separation of up to 18 amino acids can be performed on

a single HPLC column.
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The Concept of HPLC Coupling to IRMS

Until now, the analysis of organic samples
for 18C/'2C isotope ratios was restricted to
either on-line GC separation followed by
combustion (isotope ratio monitoring
GC/MS, irm-GC/MS) or bulk combustion of
samples in an organic elemental analyzer.
Biologically or pharmaceutically important
compounds are often not GC-volatile or too
thermolabile to be separated by gas
chromatography. '3C/'2C isotope ratio
determination of these compounds in real
analytical applications, typically within
complex matrices, was so far either
impossible or extremely labor intensive.

*(GB2388800 B, US7213443 B2

The patented LC IsoLink* leapfrogs the
hurdle that, until now, has prevented
successful isotope ratio monitoring LC/MS,
namely the quantitative, fractionation-free
elimination of the liquid phase prior to the
oxidative conversion of the sample into CO,.

In the LC IsoLink, the liquid phase is not
removed from the sample prior to oxidation
but the sample is oxidized while still within
the aqueous solution, and only afterwards
the CO, is separated from the liquid phase
for isotopic analysis. This process is
quantitative and fractionation-free in the
LC IsoLink.

The oxidation reagent consists of two
solutions, the oxidizing agent and phos-
phoric acid. Both are pumped separately
and added to the mobile LC phase.
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irm-LC/MS chromatogram of archaeological bone collagen hydrolysate.

All individual organic compounds
eluting from the HPLC column are oxidized
quantitatively into CO, within this mixture
when passing through a heated reactor. In
a downstream degassing unit, the CO, is
removed from the liquid phase and
entrained into a stream of He.

The individual CO, peaks in He are
subsequently dried in an on-line gas
drying unit (Nafion®) and then admitted
to the Isotope Ratio MS via an open split
interface.

Since the liquid phase is not vaporized
at all, inorganic buffers, e.g. phosphate
buffers, have no influence on the operation
of the interface, and can not accumulate
anywhere in the system. This is in marked
contrast to any other LC/MS interface
and makes the LC IsoLink essentially
maintenance free.



RNA Nucleotides: Molecular biological
methods based on detection, sequencing,
and phylogenetic identification of ribosomal
RNA (rRNA) and the genes encoding it
(rDNA) allow description of natural
microbial communities without isolation and

Organic acids play an important role

in the metabolism of plants. They are
involved in various anabolic and catabolic
processes of metabolic pathways, such as
citric acid cycle.

culturing of individual species. By carbon
isotopic characterization of rRNA species
identity can be linked with carbon source

utilization.
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irm-LC/MS analysis of NaOH-hydrolyzed E. coli RNA, LB-grown. irm-LC/MS chromatogram (m/z 44 trace) of an organic acid mixture.

Principle of HPLC Coupling to IRMS

He
Oxidation Reactor
HPLC Column CyH0y »C0, CO; Separation Unit i
( ) [ ) > Waste
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for liquids T=99.9°C
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Pratense

Analysis of an Extract of Geranium

Changes in the isotopic signature of
organic acid are studied in the process of
ontogenesis of plants. Investigations can be
important to understand development of
plant metabolism and to estimate the
impact of environmental factors.

The most dominant organic acids in an
extract of Geranium Pratense are malic acid
and citric acid. Malic acid is isotopically 0
heavier than citric acid.
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Plant metabolism study of organic acids.

Isodat Software Suite

The irm-LC/MS system is fully automated
and controlled by the Isodat software suite.
The Thermo Scientific Surveyor™ LC is
completely integrated, other HPLC systems
are synchronized by contact closure.

The LC IsoLink and the mass spectrom-
eter are entirely under full computer control,
resulting in analyses with no user
interaction. When coupled to any
autosampler, the system can be operated
fully unattended for high sample throughput
and high productivity.

The irm-LC/MS does not require any
manual intervention during operation except
for refilling of the reagents. Data evaluation
and report generation are fully automated
by Isodat software suite. Since the interface
has only few variables, e.g. flow of oxidizing
agent and He-flow, method development
and operation are also exceedingly simple.

I? HPLC Sequence.seq

e Fasy and fast method and sequence
setup for Isotope Ratio MS and LC IsoLink

e Complete control and automation of all
interface functions before and during
data acquisition

e Automated peak and background
detection

Fully automated ion correction for
isobaric ion contribution such as '2C'70'60
on 13CIGO1GO

Full access to all raw and processed data

Complete raw data integrity and secure
sample identity

e Software suite flexible export of
evaluated data to Excel, other
spreadsheet programs and databases
(LIMS)

e Customized printouts and data export

e Full network compatibility with direct and
fast access to Windows® tools

e Complete Isodat software suite system
backup using the Isodat Version Handler

e Based on the unique “Plug and Measure”
concept of Thermo Scientific Isotope
Ratio MS (Thermo Scientific DELTA V
Advantage, DELTA V Plus and MAT 253),
the LC IsoLink is immediately recognized
and operational
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Confirmation of Synthetic 3000

Testosterone 8 £ &
The administration of synthetic testosterone 2800 % 5 %
is detected by t.he. test.osterqne/epitestos- 2600 E §
teroqe (T/.E) rgtlo in urine usmg GC/MS. = 2100 Etiocholanolone
Confirmation is performed by irm-GC/MS. = §1C = -21.99 %o

The 13C/'2C ratio of synthetic E 2200 Stdev: 0.33 Q?Cdio_;ﬂ?"uz .
testosterone differs from the 'C/'C ratio 2000 N=3 Stdev: 0.28
of endogenous testosterone. N=3

The range of applications for the 1800 -
LC IsoLink can be extended by high 1600

temperature HPLC. At elevated temperatures, water acts like a 0 400 800 1200 1600 2000 2400

weak polar organic solvent. Therefore, it's also capable of Ll

separating mid polar and even non-polar analytes. Steroids can be Analysis of steroids in urine (LC fraction) by high temperature HPLC
separated under 100% aqueous conditions, selectivity can be tuned  coupled to IRMS.
by temperature.

Analytical Performance

Accuracy, Precision and Sensitivity Acceptance Specifications

Accuracy and precision has been tested The sensitivity of the integrated After installation, the system performance
using standards with certified isotope irm-LC/MS system is sufficient to allow the  of the LC IsoLink will be demonstrated by
ratios. The 8'3C value of 400 ng of benzoic isotope ratio determination of '3C/'2C on direct loop injection, to show an external
acid analyzed by repetitive loop injection sample amounts as low as 50 ng in direct precision of < 0.3%o for 8'°C (n=5). This
has been shown to be correct within injection mode. The minimum amount in requires an organic-free HPLC pump.
0.08%o with a reproducibility of 0.11%o. HPLC mode depends on the background

These values compare favorably with created by the HPLC column bleed. - — — ™
the accuracy and precision achievable | e

with bulk analysis by Elemental Analyzer

Isotope Ratio MS — but require 100 times T ¥

less sample. & .-

LE Fsal i

Mass Spectrometer DELTA Series and MAT 253

LC IsoLink Basic Performance

10 pulses of reference gas (amplitude 3V), 5 notation
Precision (10) Linearity
Co, 13C 0.06%o 0.02%0/nA

External precision using the LC IsoLink (n=5, 15), 8 notation

Benzoic Acid (direct loop injection)
400 ng in 10 pL of water

3 nmol Benzoic Acid
21 nmol (250 ng) C as CO, < 0.3%0 7




Installation Requirements

Power
230V single phase, 8 A

Gases

e He, better 99.999%
e C0,, better 99.995%

Supplies

e Water (HPLC grade)
¢ Reagent
e (Catalyst

Recommended Supplies

e Thermo Scientific Surveyor HPLC
system with MS pump

e Thermo Scientific columns

Thermo Scientific LC IsoLink Dimensions
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Analytical data is available in the
LC IsoLink Application Notes.

Laboratory Solutions Backed by Worldwide Service and Support

Tap our expertise throughout the life of your instrument. Thermo Scientific Services
extends its support throughout our worldwide network of highly trained and certified
engineers who are experts in laboratory technologies and applications. Put our team
of experts to work for you in a range of disciplines — from system installation, training
and technical support, to complete asset management and regulatory compliance
consulting. Improve your productivity and lower the cost of instrument ownership
through our product support services. Maximize uptime while eliminating the
uncontrollable cost of unplanned maintenance and repairs. When it’s time to
enhance your system, we also offer certified parts and a range of accessories and

consumables suited to your application.

To learn more about our products and comprehensive service offerings,

visit us at www.thermo.com.

In addition to these offices, Thermo
Fisher Scientific maintains a network
of representative organizations
throughout the world.

Africa
+43 1 333 5034 127 * analyze.emea@thermo.com

Australia
+61 2 8844 9500 * analyze.au@thermo.com

LUR(E]
+43 1 333 50340 ° analyze.at@thermo.com

Belgium
+32 2 482 30 30 * analyze.be@thermo.com

Canada
+1 800 530 8447 * analyze.ca@thermo.com

China
+86 10 8419 3588 * analyze.cn@thermo.com

Denmark
+45 70 23 62 60 * analyze.dk@thermo.com

Europe-Other
+43 1 333 5034 127 * analyze.emea@thermo.com

France
+33 1 60 92 48 00 * analyze.fr@thermo.com

Germany
+49 6103 408 1014 * analyze.de@thermo.com

India
+91 22 6742 9434 * analyze.in@thermo.com

Italy
+39 02 950 591 * analyze.it@thermo.com

Japan
+81 45 453 9100 * analyze.jp@thermo.com

Latin America
+1 608 276 5659 * analyze.la@thermo.com

Middle East
+43 1 333 5034 127 * analyze.emea@thermo.com

Netherlands
+31 76 579 55 55 * analyze.nl@thermo.com

South Africa
+27 11 570 1840 * analyze.sa@thermo.com

Spain
+34 914 845 965 ° analyze.es@thermo.com

Sweden /Norway/Finland
+46 8 556 468 00 * analyze.se@thermo.com

Switzerland
+41 61 48784 00 * analyze.ch@thermo.com

UK
+44 1442 233555 * analyze.uk@thermo.com

USA
+1 800 532 4752 * analyze.us@thermo.com
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