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Discussion Overview

= Challenges of sample preparation in LC-MS analysis

= TurboFlow™ Technology

= Multiplexing Technology

= Automation / Workflow

»Sample Prep with Various Matrices
»Standard TurboFlow Method for Sample Prep

=Customer examples
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Discussion Overview

= Challenges of sample preparation in LC-MS analysis
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Challenges of Sample Preparation in LC-MS Analysis

= Many samples but not much time
= Wide varieties of matrices

= Matrix binding

= Labile drugs

= Intractable analytes

* |on suppression
= Analytical Quality Assurance requirements

= LOD/LOQ, recovery, reproducibility, confirmation

4 Proprietary & Confidential



Typical Sample Preparation Methods

= Protein precipitation (PPT)

= Liquid-liquid extraction (LLE)
= Solid Phase extraction (SPE)
= Dilute and shoot

= No sample prep

= Combined techniques
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Discussion Overview

= TurboFlow™ Technology
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What is TurboFlow Technology?

= Chromatographic technique

= Exploits difference between large and small molecules
» |[ncorporates column chemistry

= Large particle packings

= High velocity, low back pressure

= Efficient mass transfer due to high velocity mixing
= Separates low MW analytes from high MW matrix

= Allows for the direct injection of complex matrices
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Small and Large Molecules Diffuse at Different Rates

= Small molecules diffuse
Into porous particles faster
than large molecules

= Sample components of
Interest — analytes are well

retained %

matrix
= Less retained components

(e.g. phospholipids, salts, %

and sugars) are rinsed

away %
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Large Molecules Flow to Waste

= Large molecules do not have
time to diffuse into pores

= They are flushed through the
column by the high-velocity
mobile phase

T

matrix
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Analyte Molecules are Eluted

A change in mobile phase
composition elutes analytes
of interest to the detector or
to an analytical column

Pore
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Video of TurboFlow technology

e video
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Less steps with TurboFlow technology

spe cartridge

stopcock removable cover

R

e, Yacuum

| .o )
{

manifold "

Liquid-Liquid Extraction (LLE) § Solid Phase Extraction (SPE) | Protein Precipitation (PPT)

TurboFlow - 4 Steps

1. Aliquot of sample 1. Aliguot of sample I. Aliquot of sample 1. Aliquat of sample
2. Spike with IS 2. Spike with IS 2. Spike with IS 2. Spike with IS
2 3. Add buffer 3. Add0.IN HCL 3. Add acetonitrile 3. Centrifuge
's 4. Add MTBE 4. Condition sorbent 4. Centrifuge . Inject onto column
= 5. Shake 10 min 5. Add sample to sorbent 3. Remove supernatant S
é 6. Centrifuge 6. Wash 6. Reconstitute FASTER
2 7. Remove organic 7. Evaporate 7. Transfer to plate RESULTS!
2 5. Evaporate to dryness 8.  Reconstitute 4. Inject onto column
= 9. PReconstitute 9. Transfer
l 10). Transfer to plate 10, Inject onto column
11. Inject onto column

Using TurboFlow methods on the TLX System allows you to remove most of the time-consuming steps in the sample preparation process,
which speeds sample throughput while minimizing errors and variability.
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Biological Tissues sample prep - TurboFlow methods

Place 5 g (+/- 5 mg) of flesh in a clean 50 mL polypropylene falcon test tube.

Cover the sample with 15 mL of 95:5 acetonitrile-water

Homogenize the sample using the Ultra Turrax until it becomes a smooth paste.

Add 250 uL of the internal standard (CAP-ISTD) and vortex the sample for 15 sec

Allow the mixture to stand at room temperature for 1 hour and then centrifuge the sample for 15 mins
@ 7500 rpm.

A N
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Biological Tissues — Standard Sample Preparation

agrowpnpPE

N

10.
11.
12.
13.
14.

15.
16.
17.

18.
19.

20.
21.

22.
23.

Place 5 g (+/- 5 mg) of flesh in a clean 50 mL polypropylene falcon test tube.
Cover the sample with 15 mL of 95:5 acetonitrile-water

Homogenize the sample using the Ultra Turrax until it becomes a smooth paste.
Add 250 uL of the internal standard (CAP-ISTD) and vortex the sample for 15 sec

Allow the mixture to stand at room temperature for 1 hour and then centrifuge the sample for 15 mins
@ 7500 rpm.

Carefully decant the supernatant into a clean 50 ml polypropylene test tube.

Extract the supernatant with 10 ml of acetonitrile-saturated hexane (if an emulsion forms, centrifuge the sample
for 10 mins @ 2500 rpm)

Remove and discard the top layer.

Repeat Step 7.

Transfer the bottom layer to a 50 mL round bottom flask and concentrate the solution to approximately 1-2 mL.
Add 10 mL of water and swirl the flask so that the water covers the entire surface of the flask.

Transfer the agueous solution to a 30 mL screw cap centrifuge tube and add 5 mL of hexane.

Vigorously shake the test tube for 30 seconds and then centrifuge the mixture to resolve the layers.

Carefully remove the top layer and adjust the pH of the solution to 4 (5-4 is acceptable) with 1M hydrochloric
acid (about 3-5 drops).

Add 2 grams of sodium chloride and vortex the mixture until the salt has dissolved.
Add 5 mL of pesticide-grade ethyl acetate and extract and shake the mixture for 1 minute.

Allow the phases to separate, then using a Pasteur pipette transfer the ethyl acetate to a screw cap test
tube containing 1 gram of sodium sulfate

Repeat step 17.

Vortex the test tube containing the sodium sulfate for 30 sec, then centrifuge the sample for 15 mins @ 3500
rpm.

Decant the supernatant into a 15 mL test tube.

Place the test tube in a Reacti Therm-IlI™ hot block that has a stable temperature of 50 C (45-55 is
acceptable)

Cautiously turn the nitrogen flow so that the meter reads 25 units (20-30 is acceptable)
Evaporate the solvent to dryness (takes about 20 minutes)
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Benefits of TurboFlow Technology

= Simplify sample preparation by eliminating SPE/PPT/LLE
= Direct injection of fluid samples

= Reduces sample matrix interference and ion suppression
= Concentrates trace amounts from large injections

= [ncrease signal/noise ratio

= Automation—cost savings in time and labor

ThermoFisher
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Matrix Interferences

*TurboFlow methods with 2 mechanisms of
chromatography offers solutions for matrix interferences:

*TurboFlow methods significantly reduces matrix effects
due to phospholipids, salts, sugars ...

=Analytical column further separates analytes from
Interferences.

=Specific hardware configuration promotes reduction of
residual matrix components on the system and results in
a stable signal over time.
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Discussion Overview
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What is Multiplexing ?

|
- ™M

Aria” 1.6

ating system software

Oper:

= Staggered parallel chromatography

= Multiplexing combines 2 or 4 LC units in front of a single
MS.

= LC systems are independent of each other.

= |C systems functions and timing are controlled by Aria™
software.
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Method and Gradient — LC-MS

A

Acquisition:

/ compounds elute to

\ MS during this 45s
window

/

0 min

K‘/ gradient

4 min
V4
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Multiplexing increases throughput

= Controlled by Aria software

|

1 min 4 min. Each LC system only
Acqu|s|t|on Window requires the MS during

. the elution step
. 2 min

3 min

4 min

System diagram above is representative of a Thermo Scientific Transcend™ LX-4 system

ThermoFisher
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Throughput — Typical LC/MS with Multiplexing

B
ol

MMMMMM

0 min

During this 4 min window — 4 sample data were completed

Equals 60 samples/hour. A 96 well plate complete in 1.6 hrs
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Single LC run vs. Transcend LX-4 each 48 sec.

Data on LX-4 system — compare method data window

=T: OO0 — 2 S5

=T: 1.05
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Multiplexing with Aria Software

& Batch Editor

File Edit Sample Batch Help

N Default, tsl

Sample ID

sample Name

Tray

(<< < N[« [H<]

2. Select which LC
channel(s) to run the
samples or select “Any
Available”

Sample00 1

Sample001

Traydl

NjC

Sample0o2

Sample002

Tray0l

N/C

Sample003

Sample003

Trayd1l

N/C

Sample004

Sample004

Tray®

Sampledns

Sample0os

Tray

Sampled0a

Sample00a

Tray

Sample007

Sample007

Sampled0s

Sampled0a

Tra

Sampled0d

Sample00s

Tray.

1
2
3
4
5
6
7
8
9
10

Sample0 10

Sample0 10

Tray0l

1. Import or Create a

1

10

Blank

T'a: batch/sequence of samples

NfC

3. Submit batch!

More batches can be
submitted at any time in
any order and the
system will automatically
Multiplex where possible
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Cross sequential Multiplexing unique to Aria OS

Two methods to one MS - Same mobile phase, different samples

' M Method 1
0 min 3 min.
. M Rt

0 min 3 min.

M )l | < MS Data — Multiplexed

0 min 3 min.

System diagram above is representative of a Thermo Scientific Transcend™ LX-2 system

ThermoFisher
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Benefits of Multiplexing

o Accelerate results
» Getting answers/data faster

* Reduce cost of capital equipment
* Reduce cost per sample

 Handles multiple methods
« Many options available

e Intuitive, quick learning curve

Throughput

Less Cost

Flexibility

Ease of Use
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Discussion Overview

= Automation / Workflow

»Sample Prep with Various Matrices
»Standard TurboFlow Method for Sample Prep

=Application examples
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Examples

= Multi-Residue methods for veterinary drugs

= Contamination — clenbuterol—lean meat powder
= Pesticides screening

= Clinical research vitamin D

= Pain management

= Pharmaceutical high throughput screening
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Veterinary Drugs

28  Proprietary & Confidential



Multi-Residue Methods for Veterinary Drugs

For: Malachite green, leucomalachite green, ciprofloxacin and tetracycline
In: Shrimp, tilapia and pig liver
LOD: 0.05-0.1 pg/kg

3-4 g of samples

30 mLACN

Homogenize

Centrifuge | 10 min at 10,000 rpm

| TurboFlow method on TLX-MS/MS I

Thermo Fisher Scientific App Note 442

ThermoFisher
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Comparison of methods for
Leucomalachite Green in Shrim

Standard HPLC without TurboFlow method with
sample cleanup online sample cleanup
1.00 AT 3.68
100 100 g
Q
8 80 80
.‘é_f 50 ng/kg
B 60 60
(qv]
.02) 40 40
©
&9 20 20
0 1 2 3 4
Time (min) Time (min)
o o
| P Reduction | -
Malachite Green '« DT ‘I‘ Leucomalachite Green
Haluy O s §-CHs 3l G G - CH3
[|2H3 éHa C|H3 I|IH3
ThermoFisher
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Clenbuterol — Lean Meat Powder
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Clenbuterol —Lean Meat Powder

Pigs fed on bodybuilder steroids cause food poisoning in m
Shanghai

Sep 19 01:53 AM US/Eastern

Comments (0) [ Email to a friend nShare on Facebook | Tweetthis [ SHRRE o™ 90 &7 (=]

Over 330 Shanghai residents have heen poisoned by pork tainted with 2
weight-l0ss steroid popular among bodyhuilders.

Clenbuteral, a praduct narmally marketed ta fithess fanatics, was used by
farmers in east China to produceteamempams-meatthe China Daily reported.

As a result(a total of 336 people have been poisoned in Shangha
September TIRSRINE city's largest clenbuterol poisoning ca

The chemical can reportedly cause damage to the human nervous and ¢ 336 people have been pOisoned

cardicvascular system. Howesver, all those affected in shanghal have been
released from hospital, the paper said.

* Many farmers are still using it

Most of the pigs have been traced to neighboring Zhejiang where rearing pi
on clenbuterol, known locally as "lean meat powder", is widespread, the p
said.

The government banned the use of the chemical in the 1220s, it

The incident has exposed many loopholes in China's food
3ysl i

ety inspection

"Mary people are still using 'lean meat powder' " t
t guoted a Zhejiang farmer as sayin

local Oriental Morning

"I"ve raised pigs for 10 years and almost all of them hawve been fed it."

According to the report, many farmers stop feeding the pigs with the drug
several weeks before they are slaughtered, making detection difficult for food
inspectors.

Shanghai officials downplayed the scare, saying it is unlikely that more
contaminated pigs are in city markets, the China Daily said.

Clenhuteral is a medication that has heen used to treat bronchial diseases
such as asthma, but is largely used by bodyhuilders or as a weight-loss
supplement for the owverweight.
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Sample Preparation

5g Animal Tissuein 10 mL 1:3
Acetonitrile: 10% Ammonium Acetate

!

Homogenization

!

Centrifuge at 5000 rpm
for 10 min

!

Pass 0.22 um membrane

!

TLX-MS analysis

Total sample prep
time: 5 min
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MCX SPE (A) vs. TurboFlow method (B)
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Pesticides Screening in Green Tea Extract
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Common Pesticides Sample Prep Methods

Weigh Sample
Extraction
SPE
Loading

Washing
Eluting

Drying
Reconstitution
Filtration

100 Samples, 1 Week

Weigh Sample Weigh Sample
Extraction Extraction
Shake and Centrifuge Filtration
5 min
Transfer Top Layer
to Clean-up Tube 100 Samples, 3 Hours
Shake and Centrifuge
5 min
Drying

Reconstitution

Filtration

100 Samples, 2 Days
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RT:5.00-7.14

£.3.8.8.7

2.8,

A

Relative Abundance
w

=

TT T T T T[T T T[T T T TTT
52 54 56 58

Time (min)

6.6

TT T T T T ]T1
68 70
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Clinical Research Vitamin D2 and D3 metabolites
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Vitamin D2 and D3 metabolites

4ng standard in Plasma

RT: 0.01-565
RT 350 NL: 2.01E5
100— AA: 302932 TIC F: + ¢ APCI SRM ms2
. 383.300@cid37.00
80 [105.159-105 161,
] 257 169-257 171,
60 - - 365 439-365 441] MS ICIS
e Vitamin D3 001
203
0 RT 3.50 NL: 6.93E5
100 AAI 1115027 TIC F: + ¢ APCI SRM ms2
g 389 300@cid31.00
= 803 [210.999-211.001,
T 7 262.999-263 001,
= 607 371.269-371 271] MS ICIS
: w3 Internal standard 10015
= 7
B 205
o 0 ] )L
RT 3.52 NL: 3 .83E4
100— AA 66011 TIC F: + ¢ APCI SRM ms2
. 395 300@cid31.00
803 [209.099-208 101,
] - - 211.199-211 201,
603 V|tam N D2 377.199-377 201] M3 ICIS
3 StdO01 A
405
20
0 LI S N D I N Y I B O |j'| T 1 |j'| N s s s s B B I B B B |1|h| |“|“
05 1.0 15 20 25 30 35 40 45 50 55
Time {min}
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Drugs of Abuse / Pain Management
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Benzodiazepines LC run vs. Data Window
6.0 min. vs. 2.0 min.

C:Xcalibur..\500ng_mL_H20001 1/6/2009 2:55:24 PM 500ng_mL_H20001
None

RT:0.00-587 SM.7G

1007

TTTT TTTT TTTT TTTT TTTT TTT TTT TTTT TTTT TTTT TTTT T
00 05 10 15 20 25 30 35 40 45 50 55
Time (min)

ThermoFisher
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Simplify Sample Preparation Protocol for 100 samples

Manual
Solvent
Extraction

Punch 3/16” Disc
v

Add IS Solution

v

Mix

v

Extract with Ether
v

Remove Supernatant
v

Repeat Extraction
v

Combine Extracts
v

Evaporate Ether
v

Reconstitute in Mobile Phase

v

Sample Prep Time Transfer
= 390 minutes Y

Inject

Analysis time

v

Inject onto HPLC.
Sample Injection Every 12 Minutes

Punch 3/16” Disc

v
Add IS / Extraction Solvent
v )

Mix TLX with
TurboFlow
technology

\ 4
Transfer Sample Prep Time
R = 60 minutes
Inject
v

Inject onto Aria TLX-4 System.
Sample Injection Every 2 Minutes

Analysis time

= 26.5 Hours * < = 4.3 Hours
100 Samples @ 12 minutes = 1200 100 Samples @ 2 minutes = 200 Min
390 min + 1200 min = 26.5 hours 60 min + 200 min = 4.3 hours
ThermoFisher

42 Proprietary & Confidential

SCIENTIFIC



Pharmaceutical Screening

ThermoFisher

43 Proprietary & Confidential SCIENTIFIC



Ultra High Throughput Assay - 4 injections per minute

Entire plate collected into a single data file, allowing higher sample throughput.

L
1 96T

TIC M5 118
{001
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Aria + QuickCalc software = HTS capability

= 2 or 4 LC systems into single file

= Online sample extraction

= Multiplexing: intelligent injection
timing without user intervention

= Automatic intelligence

B4 QuickCalc / GMSU 6.0.23 - Console [ (=1[E3]
Gubbs® Mass Spec Utilities - distributed as Thermo® QuickCalc® Il

- Homea _J Hepatic Clearance Calculator
_J Permeability Calculator
J Generic Chromatographic Viewer
_J PK Calculator
J Cyp/P450 Calculator
D Configuration Utility

= Quantitation of individual samples
= Creation of processing method

= Uses Aria sample information

= Prints or save chromatograms

= Easy report creation
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Solutions for sample preparation in LC-MS/MS

= TurboFlow™ Technology
=On line automation
=Minimizes sample prep
=Simplifies sample prep protocols
=Saves time

=Multiplexing Technology
=Accelerates results
=Improves efficiency
*Increases flexibility

= Automation / Workflow
*Food
=Biological Fluids
=High throughput screening

*Integrated Software
=Aria MX
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Aria MX in Xcalibur, LCquan, TraceFinder...

%&ﬂm}'nundahnn Instrument Configuration

Device Types :

%% Al

Instrument
Configuration

Instrument
Configuration

Avallable Devices:

Add Aria MX
TS Quantum an d TSQ MS
Configurations Configure Aria
MX modules
Hardware IO
Logic .
Pumps Accessories
Auto lers
sy MCM
Temperature
control
oK Corfigure
Generate Report
ThermoFisher

47 Proprietary & Confidential SCIENTIFIC



Aria MX with Xcalibur & LCqguan

Status | Acquisition G pe
|dcasiop ) B Aria MX Direct Control
=R Hyn Manager

. -Check Devices 2ol Detector Tools Samples Help
Sequence:
Sample MName:
Working On:
Posttion: LRy ETT a - AutoSampler 1
Raw File: — S Channel 1
Inst. Method: -

&4 All Pump Control

[ Hold Autosampler ] [ Direct Control
Status | Events H Pres l
Autosampler 1
Channel 1
MNOT READY Time Type Sample Mag
0 bar 3 bar 14:07:33.77 | General | 2200| 3 Chan Status NOT READY
Channel 3 14:07:30,17 | General | 2200| 1 Chan Status NOT READY
NOT READY 14:07:24.23 | General | 1000 System Init
0 bar 4 bar
Antnsamnler 2

Status Tab:

Right-click on Aria MX will show Aria status at bottom. Click on Direct Control button

and select All Pump Control to start up available pumps.
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Aria MX — Control Column Temperature

Device Types :

&l

Awailable Devices:

“ 2 ;

Configured Devices: Available Temp Chrls Channel 1

Multisleewe @ T3 s Multisleewe @ T1 L*
Multisleewe @ T4 B Mulkisleeve @ T2
Channel 2
T5Q Quantum Ayria b T50Q Quantum )
Channel 3

Descripkion
Tulti-Column Module
MultiSLEEYE Temperature Control

1>
|

Channel 4

hd w

* Drag and drop Temp controls to group and order,
* Use DELETE ta remove ikems.

Zancel ] [ Ok

£

l << Remove ] [ Configure l

<Back

Help

MultiSLEEVE controller utilizing 2 ports:
T1: AgileSLEEVE 25cm x 1/16” i.d. inlet tube heater
T2: InteliSLEEVE 5 cm column heater
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Optimizing Temperature for Cyclosporines

C:\LCquanData\...\Rawfiles\LX_CycloA_3
T=25'C

Fiun Status ] Acquizition Quewe  Acquisition Histary l
= &cquisition Sequence Histary

= UU Sequence_1 - 25'C
+- ¢ Info
+- 3 Cormponent
+ L¥_CyeloA_1 0.6 08 10
+ L¥_Cyelof_2
+ L¥_Cyelof_3
UU Sequence_Z - 45'C
+- ¢ Info
+- 3 Cormponent
+ Lx_Cwclod_4
+ L¥_Cyelod 5
+ L¥_Cyelof_6
UU Sequence_3 - 55'C
+- ¢ Info
+- 3 Cormponent
+ L¥_Cyelod_7
¥
¥
W
+
+
+
+
W
+
+
+
+

.
o

Relative Abundance
wn

L¥_Cwclod_&
L¥_Cwclod_9

Sequence_4 - 65'C

i Irfo

¥ Component
L¥_Cwclod_10
Lx_TweloA_11
L¥_Cwelod_1Z2

Sequence_5 - 75'C

i Irfo

¥ Component
Lx_Cwelod_13
Lx_Cwelod_14
L¥_Cwclod_15

ThermoFisher
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Shutdown Methods

‘ [ statupMethod | [ nstrument Methad | [y Shutdown Method |

Sean Editor I Syiinge Pump | Divert Valve | Method Summary |

r

Run Settings

MS Acquie Time (i [T 00 Segments: [1 =

To display a chromatogram here, use Buantum/Open Raw File.

Current Segment: [1

=]
=

“ Segment 1

T T T T T T T T T T
0o 01 02 03 0.4 05 o0g  Retention Time [min] 0.9 10 1.4 12 13

Segment 1 Settings

Segment Time (min] Tune Method: |C:ealburimethodshSTBY_HESL TS0 Tune

Scan Events: [1 = Chiom Eier Peak ‘width [s): [ =

4

Colision Gas Pressure [mTort | =

= SoanEvert 1

Current Scan Event h

Scan Event 1 Polariy:
Scan Type: |Full Scan hd % Positive
Scan Modes P

MS Mode: & OIMS  © O3MS MS/MS Made:  © Parent " Produgt ¢ MeutralLoss ata Type
* Centroid
Scan Parameters Skimmer Offset:

Scan Range

First Mass (2} [200000 =
Last Mass (/2 [300000 =

Soan Time s [T000 =]
Set Mass m/z): :‘
LCollision Eneray [V]: ,7 :‘

Micro Seans:

(1 Peak Width [FusHM): |0.70 =2

Q3 Peak Width [P HM]:
Energy Aamp [eV]: :‘

" MNegative
" Profile

Skimmer Offset (v, [ [10 :‘

—

Copy ScanEwent | Paste ScanEvent|

Help |

Tune |

L Method A
A3 Method
MM Temperature (deqC)
Temperature
Templ Temp2
Tolerance Tolerance
| steupmetnos | | retument setnoa | |y Seatscwn setnoa
T 100
Step Control | Variabies | Mottt Tt | e b
F—
i
i e
e
(Sl wo
Lengeh 200 IS
Faneate s
R
Comment o
Commect | .
o Bl | B Tozsl Method Durstion 0500
Sten | Stert | Sec | Flow | Gead | wn | i | Be | Tes | Looo | Plow | arad | mA | wn | e a
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Columns washed with Magic Mix, Temperatures set to ambient and the TSQ'’s source
set to standby conditions specified by tune method:

Voltage = 0, Temperatures = 100; Gas Pressures =5
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More Information

www.thermoscientific/turboflow
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cientific Instrumen... » Mass Spectrometry » MS Acceszoriez » Transcend® System with Multiplexing and TurboFlow® Technology

fhith

Transcend”™ System with Multiplexing and TurboFlow™ Technology

Thermo Scientific Tranzcend gystem combines the power of automated online gample preparation and muttiplexing to
increaze the efficiency of vour mass spectrometry workflow.

The Tranzcend =ystem iz optimized to increaze productivity, enhance efficiency and boost throughput to your mazs
spectrometer - without compromizing data quality or 2enzitivity. The unigue Thermo Scientific multiplexing technology
brings the productivity of up to four 2eparate, parrallel LC =ystems to a gingle mazs spectrometer. Proprietary Thermo
Scientific TurboFlow technology iz an automated, onling technigue that helps reduce sample preparation up to $5%.

ENLARGE @&
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Thank Youl!

ThermoFisher
SCIENTIFI C

The world leader in serving science

Enabling Professionals to Protect P
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