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Disclaimer

This protocol is for research purposes only.

Abstract

This protocol details steps in high-throughput measurement of isoprenyl acetate (IPA) with the Agilent RapidFire
400 coupled with Agilent 6460 QqQ system, and a subsequent data processing using the Agilent Quantitative
analysis software. This analytical assay provides accurate and high-throughput quantitation of IPA from a broad
variety of sample types, such as microbial fermentation cultures, chemical overlays, intracellular cell lysate etc.
The protocol provides flexible options for measurements of small number of samples or ultra high-throughput
screening of thousands samples per day.
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Materials

&3 Acetonitrile LCMS quality JT Baker Catalog #9829-02

&3 Water LC-MS grade B&J Brand VWR International (Avantor) Catalog #BJLC365-2.5

&3 Cis-3-Hexenyl Acetate Merck MilliporeSigma (Sigma-Aldrich) Catalog #W317101

&3 3-METHYL-3-BUTEN-1-YL ACETATE Merck MilliporeSigma (Sigma-Aldrich) Catalog #5881171
Bio-Rad hard shell 96-well PCR plate (Bio-Rad part number HSP9601) or other equivalent RapidFire compatible

96-Well plate.

LC compatible non adhesive alumni seal (Agilent part number: 06644-001)
PlateLoc Thermal Microplate Sealer or equivalent type

BioMek FX or any equivalent liquid transfer automation platform

Equipment
RapidFire 400 NAME
High-throughput liquid chromatography TYPE
Agilent BRAND
G9532AA SKU
. . . LIN

https://www.agilent.com/en/product/liquid-chromatography-mass-spectrometry-lc-ms/Ic-ms- K
instruments/high-throughput-Ic-ms/rapidfire-400
i
=C

Troubleshooting
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Safety warnings

O = Wear proper PPE (gloves, safety goggle, and lab coat), and prepare solvents in a chemical fume hood.
= Store organic solvents in a flammable solvent storage cabinet when not in use.
= Always prepare necessary control samples to validate sample preparation procedures.

= Dispose of used solvents and samples in accordance with your institute's Environmental, Health, and
Safety requirements.

Before start

Refill RapidFire pumps with sufficient volumes of the following solvents to complete the analysis:
= LCMS grade water for pump 1.

= | CMS grade water for pump 2.
= LCMS grade methanol for pump 3.
Verify MS status:

» Perform Check-tune of QqQ system to ensure it passes calibration criteria. Service the QqQ and perform
autotune if check-tune fails.

= Perform a quality control (QC) run to ensure QC compound peak full width at half maximum (FWHW), shape,
and intensity are within quality standard range.

protocols.io | https://dx.doi.org/10.17504/protocols.io.ewov19d671r2/v1 January 6, 2025 4/18



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.ewov19d67lr2/v1

€3} protocols.io Partof SPRINGERNATURE

Isoprenyl acetate (IPA) standard preparation

1 Prepare internal standard (IS) stock of Cis-3-Hexenyl Acetate (C8H1402) in methanol at

M1 10 millimolar (mM) .

2 Prepare general diluent solution of [mM1 50 micromolar (uM) IS in  IM150 % volume

Methanol (MeOH). This general diluent is used for diluting samples and preparing
calibration standard diluent.

3 Prepare sample matrix that contains everything that is present in the typical sample m
except IPA.

Note

A typical sample suitable for this protocol could be but not limited to microbial
fermentation broth, IPA trapping overlay such as dodecane, or extracted intracellular lysate
of a microbial culture.

4 Prepare the calibration standard diluent by spiking the same volume ratio of sample
matrix into general diluent solution as test samples into general diluent solution.

Note

Proper determination of sample dilution factor is import to make sure IPA measurement is
in calibration linear range.

S Prepare IPA standard stock at [m110 millimolar (mM) in MeOH. Prepare & 200 uL IPA
calibration standard at M1 200 micromolar (uM) (25.6 mg/L) by diluting IPA standard

stock in Calibration standard diluent.

Note

IPA standard calibration range can be adjusted to fit estimated sample IPA amount and
chosen sample dilution factor.

6 Perform serial dilution of the highest concentration standard in calibration standard
diluent by a dilution factor of 2.
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7 Leave one well containing & 100 yL of Calibration standard diluent as Blank.

Sample preparation

8 Calculate the volumes of general diluent solution and test samples that are needed to
prepare & 100 uL Per sample Wwith predetermine sample dilution factors.

9 Transfer the volumes of general diluent solution using automated liquid handler to wells
of Bio-Rad 96-well PCR plate that were designated for samples. Leave wells designated
to Blank, QC, Calibration standards, and controls empty.

\QO00000000000 || _
Q0000000000 ®| O
Q00000000000 | ¢ oonos
Q0000000000 ®
000000000000 o™
-0O0000000000® @ som
-OO0000000000® e
O0000000000@® || (s

Example analytical plate layout. Calibration standards could be arranged together with
samples in one plate, or be prepared in a separate plate. For every plate that contains test
samples, controls and QC are required, but their well locations could be random.

Note

Using automated liquid handler reduces human error and increases accuracy and
throughput, especially when multiple dilution factors are used and sample locations are
randomized.

10  Transfer the calculated volumes of test samples and mix them with previously filled
general diluent solution using automated liquid handler.
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Note

Using automated liquid handler reduces human error and increases accuracy and
throughput, especially when multiple dilution factors are used and sample locations are
randomized.

11 Finish preparing analytical plates by manually filling Blank, QC, Calibration standards and
controls, then sealing the sample plate with LC compatible non adhesive alumni seal.

Store the platesin § -20 °C if they are not processed immediately.

Prepare RapidFire-MS system

12 Condition RapidFire pumps by purging pumps 1, 2, and 3 at 5 mL/min flow rate, and
pump 4 at 10 RPM for 5 minutes.

13 Change the flow rates of pump 1, 2, and 3 to that of the running method, and change
pump 4 speed to 3 RPM. Close the purge valves of pump 1, 2, and 3 afterwards.

A B

RapidFire pump Flow rate (mL/min)

Pump 1 1.25
Pump 2 0.5
Pump 3 0.5

RapidFire pump flow rates for IPA and internal standard quantitation

14 Check the back pressure of RapidFire high-throughput mass spectrometry system.
Monitor all pump's pressure until they are stabilized at expected range.

A B C D

RapidFire Pump 1 pressure Pump 2 pressure Pump 3 pressure
state (Mpa) (Mpa) (Mpa)

Aspirate 4.06 ~ 415 0.67 ~0.72 1.55 ~1.70
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A B C D

Load 4.08 ~ 415 0.67 ~ 0.72 1.55 ~ 1.70
Extra Wash 0.72 ~0.74 1.46 ~1.47 1.55 ~1.70
Elute 0.72 ~0.74 0.72 ~ 0.79 2.20~2.23

RapidFire-QqQ system pumps back pressures at the method flow rates in each cycle state

Note

Pay close attention to pumps pressure. Make sure they are stable at the expected range
before starting your run. Diagnose and service RapidFire if pump pressure exceeds normal
range.

15  Load all sample plates in RapidFire stacker.

RapidFire plate stacker with loaded sample plates
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RapidFire and QQQ method parameters

16 Create and save a RapidFire method using the following RapidFire Cycle parameters and
pump flow rates:

A B C

State Time (ms) Flow rate (mL/min)
Aspirate 600

Load 3000 1.25

Extra Wash | O 0.5

Elute 5000 0.5

(F;eequilibrat 500 1.25

RapidFire Cycle duration and flow rates for IPA and internal standard quantitation

17 Install and condition RapidFire C18 & 4 uL Type C cartridge (Agilent Part Number:
G9205A).

Note

Tracking sample counts on the working C18 cartridge and Install multiple ones if the
number of total injection samples is greater than the maximum allowed injections per
cartridge. Use the same cartridge type name if multiple C18 cartridges are installed.

18  Create and save a Agilent 6460 QqQ acquisition method that uses the following source

parameters:
A B
Gas Flow (L/min) 10

Gas Temperature 300
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A B

Vaporizer Temperature 300

Nebulizer pressure 30
Capillary Voltage 3500
Corona Current (uA) 4

Source parameters setting for IPA and internal standard quantitation

19  Update the Agilent 6460 QqQ acquisition method with the following MRM acquisition

parameters:
A B C D E F
Compound name Precursor Product Dwell CE Polarity
(m/z) (m/z) time
(ms)
Cis-3- 1431 83.2 50 5 Positive
Hexenyl Acetate
Isopreneyl acetate | 1291 69.1 50 10 Positive

MRM acquisition parameters setting for IPA and internal standard quantitation

Set up RapidFire-MS analysis

20 Create plate maps that contain the desired RapidFire injection sequences.

protocols.io | https://dx.doi.org/10.17504/protocols.io.ewov19d671r2/v1 January 6, 2025 10/18



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.ewov19d67lr2/v1

@ protocols.io Part of SPRINGER NATURE

RapidFire Sequence PlateMap Editor: YChen_IP_Fullplate.fmap = X
File
Plate Size Matrix Stations Wash Stations
oy Le [[2][a][a] || [%a][o]
O 384 Wells
O 1536 Wells
Selectfy 1 2 3 4 5 6 7 8 9 10 1 12
@® Row
O Column
A
Sequences
B
(o
D
E
E
Delete
H

Additional Functions Current Sequence

20/ A 50~ WASH1 WASH1 WASH2 WASH2 A1 A2 A3 A4 AS A6 A7 A8 AS A10 A11 A12B1
Delay = ® lush = B2B3 B4 B5B6B7B8BIB10B11B12C1C2C3C4C5C6C7CBCICI0CIICI2
D1D2D3D4D5D6D7D8D9D10D11 D12E1 E2E3 E4 ESE6 E7TEB ESE10
E11E12F1F2F3F4F5F6 F7FBFSF10 F11 F12G1G2G3 G4 G5G6 G7G8 GS
G10G11G12 H1 H2 H3 H4 H5 H6 H7 H8 H3 H10 H11 H12 WASH1 WASH1
WASH2 WASH2

Example platemap that contains RapidFire injection sequence of a full 96-well sample
plate

21 Create and save a batch file when the application runs single plate analysis or plates with
multiple different injection sequences.
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RapidFire Batch Specification Editor: Batch Mode - 0 X
File
Plate1
MS Interface | MassHunter QQQ ~ Plate Type |96 Wells
Sequence Plate Barcode RF Method Cartridge MS Method
A M [YChen IPA_APClm

Example Batch file that contains plate info(Barcode etc) and their respective injection
sequence, RapidFire method, Cartridge choice, and MS method.

22 Load the saved batch file under RapidFire Ul File drop down menu. Click the green arrow
button and follow the prompt to start the plateset.
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RapidFire : cfgs(6.2.0)_#5G2335M102
File  Batch Cenfiguration Toels  System Tools

Plateset Fun Controls

® [ a0 i

) Plates (@) Sequences

Cumertly lnaded Batch/FRun Template

|C:‘,ﬂ-.gilent‘-.Hapid Fire"RF Batch Files\YChen\YChen_[PA

RapidFire Ul plateset run control panel

23 Create and save a Run Template file when the application runs high-throughput screen
assay that analyze numerous full sample plates or plates with same injection sequence.

protocols.io | https://dx.doi.org/10.17504/protocols.io.ewov19d671r2/v1

January 6, 2025

13/18


https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.ewov19d67lr2/v1

€3 protocols.io Part of SPRINGERNATURE

RapidFire Batch Specification Editor: Run Template Mode: Yan_FullPlate_|P.rfrun — O X
File
Yan_FullPlate_|P
MS Interface | MassHunter GQQ v Plate Type [95Wels |
Sequence RF Method Cartridge MS Method
YChen_standard A v [['YChen_IPA_APCIm

WASH1"WASHT"WASHZ'WASH2"A1°A2°A3"A4°A5"AG A7 AB"AS"A10°A11°A12°B1°'B2°B3'B4'B5"'B6'B7" ~
B8'B9'B10°B11°B12°C1°C2'C3"CA'C5°CE'C7CBCICI0°C11°C12'D1°D2° D3’ D4"D5°D6°D7° D8 DI D10
D11°D12°E1"E2°E3'E4°ES"E6'E7"ES'ES"E10°E11°E12°F 1" F2 F3 FA'F5°F6°F 7' F8'FI"F10°F11°F12°G1°G2"
Ei‘zg;‘(iz%ﬁ:s'ﬁn'z{ﬁmﬂ'ﬁ‘l 0'G11°G12°H1"H2"HI"H4"H5"HE HT"H8"HI"H10"H11"H12"WASH1"WASH1

v

Example Run Template file that contains RapidFire injection sequence, RapidFire method,
Cartridge choice, and MS method.

24  Create sample path file according to analytical sample plate layout. Fill in applied
barcode information, well position, Sample name (File name), Sample type, assigned
Calibration standard Levels and sample dilution factor(s).
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|RF_000043 Al Culture Tube 24C Ohr_001
|RF_000043 AZ Culture_Tube_24C_0hr_0D02
RF_000043 Al Culture_Tube 24C_Ohr_003
RF_000043 Ad Cuture_Tube 24C_Ohr_004
|RF_000043 A5 Culture Tube 24C_Ohr_005
|RF_000043 AB Culture_Tube_24C_0hr_008
RF_000043 AT Culture_Tube_24C_0Ohr_007
RF_000043 A8 Culture_Tube 24C_Ohr_008
RF_000043 A9 Culture Tube 24C Ohr_ 039
[RF_000043 AlD Culture Tube 24C Ohr 010
RF_000043 Al Culture_Tube_24C_Ohr_011
[RF_000043 A12 Culture_Tube 24C_Ohwr_ D12
RF_000043 B1 Culture_Tube 24C_Ohr_0D13
RF_000043 B2 Culture_Tube_24C_Ohr_D14
|RF_000043 83 Cutture_Tube_24C_Ohr_015
[RF_000043 84 Cukture Tube 24C Ohr D16
|RF_000043 B85 Culture_Tube 24C_Ohr_D17
RF_000043 B6 Culture_Tube_24C_Ohr_D18
|RF_000043 87 Cutture_Tube_24C_Ohr_D19
RF_000043 88 Culture_Tube 24C_Ohr_020
|RF_000043 B9 Culture_Tube 24C Ohr D21
|RF_000043 B10 Culture_Tube_24C_0hr_022
RF_000043 Bi1 Culture_Tube_24C_Ohr 023
|rF_ooo043 B12 Icuure_Tube_24C_0hr_024
|RF_000043 c1 Culture_Tube 24C_Ohr_025
|RF_000043 c2 Culture_Tube 24C_Ohr_026
RF_000043 c2 Culture Tube 24C Ohr_027
|RF_000043 Cc4 Culture_Tube 24C_Ohr_028
|RF_000043 C5 Culture_Tube_24C_Ohe_029
RF_000043 cé Culture_Tube_24C_Ohr_020
RF_000043 cT Culure_Tube 24C_Ohr_031
|RF_000043 cs Cukture Tube 24C Ohr_032

Sampe name_id

Culture Tube 24C_Ghr_001

Culure_Tube 24C_0hr_002
Cudture_Tube_Z4C_Ohr_003
Culture_Tube 24C_Ohr_004
Culture Tube 24C Ohr_005
Culture_Tube_24C_Ohr_008

Culture_Tube_24C_Ohr_007

Cuiture_Tube_24C_Ohr_003

Culture_Tube 24C_Ohi_009

Culture_Tube 24C Ohr_010

Culture_Tube_24C_Ohr_011
Cullure_Tube_24C_Ohr_012

Cullure_Tube_24C_Ohr_013

Culture_Tube_24C_Ohr_014

Culture_Tube_24C_Ohr_015

Culture_Tube 24C Ohr_016

Culture_Tube_24C_Otw_017

Culture_Tube_24C_Ohr_D18

Culture_Tube_24C_Ohr_019

Culture_Tube_24C_Ohr_020

Culture Tube 24C Ohr_021

Cuiture_Tube_24C_Ohr_022

Cuiture_Tube_24C_Ohr_023

Culture_Tube_24C_Ohr_024

Culwre Tube 24C Ohr_025

Cuiture_Tube_24C_Ohr_026

Culture_Tube_24C_Ohr_027
Culture Tube 24C Ohr_028
Culture_Tube_24C_Ohr_029
Cudture_Tube_24C_Ohr_030
Culture_Tube: 24G_Ohr_031
Culture Tube 24C_Ohr_032

_ Sampletype Level Di

Sampie
Sample
Sample
Sampie
Sample
Sample
Sample
Sampile
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sampie
Sample
Sampie
Sample
Sample
Sample
Sampie
Sample
Sampie
Sampie
Sample
Sampie
Sample

Run Template
2 Yan_FuliPiate IP
2 Yan_FullPiate_IP
2 Yan_FullPlate IP
2 Yan_FuliPiate_IP

2 Yan_FullPiate IP

2 Yan_FullPiate_IP

2 Yan_FullPlate_IP

2 Yan_FullPiste_IP

2 Yan_FuliPiate IP

2 Yan_FuliPigte_IP

2 Yan_FullPiate_IP

2 Yan_FulPiate IP
2 Yan_FulPlate IP
2 Yan_FulPlete P
2 Yan_FullPlate_IP
2 Yan_FulPizte P

2 Yan_FullPigte IP

2 Yan_FullPiate_IP
2 Yan_FuliPlate_IP
2 Yan_FullPizte P
2 Yan_FullPigte IP
2 Yan_FullPigte_IP
2 Yan_FullPiate IP
2 Yan_FuliPizte IP
2 Yan_FuliPizte IP

2 Yan_FullPlate_IP
2 Yan_FullPiate IP
2 Yan_FullPiste IP
2 Yan_FulPlate_IP
2 Yan_FullPlate_IP
2 Yan_FuliPlate_IP
2 Yan_FuliPizte IP

Example sample path file. Barcode column information needs to match applied barcode
to corresponding plate. Well position, sample name, sample nhame_id and sample type are
parsed from sample plate layout information. Calibration standard Levels are required for
setting up quantitation method in Agilent QQQ quantitative analysis software. Dilution
factor is a variable that could be modified accordingly. Run template file is generated and

updated according to step 19.

25

Generate a Map File under RapidFire Ul File drop down menu.

O . ) — O X
I [= '} . MapFilelxml - Map File Generator
L= Home Stlll['lg!-
1LY New g AddRow | & Cut Worklist 2d & Help =
55 Open = | X Deletz 153 Copy
I Save - |4 Paste
File Tools Edit Tools Sty Type Help
-'rmurt File Details
Example import Fils Path: lseraFapidF ire Example Import Fie: | Fractice_Runtemplate 0516.xdsx b
I
Samplz List | Dats Valie Mapping
Select Workshoet: | Sheet] - | Add Al Columns
Import | nfomation Map Informabon |
Workshest Irput Cotumn Column Type Map Column Display Hame Default Value
heet Barcode System Barcode Barcode
Wl Position System Flate Position
Sheet sample name System Samplz Name i
St | Szmpe name_id System Samplz 1D
| Szmple type Systam Sample Typs
Lewel Syst=m Level Mame
1 Sheet V] System Lhilwton
1hg! Sheet Hun Tempiate Uszer Defined Hun Templats Fun Tempiste —

Example map file that parses information from sample path file to data file.
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26 Import sample data file based on the map file generated above. Click import sample data
under RapidFire Ul file drop down menu. Select sample path file generated in step 21 and
Map file generated in step 22 to fill in Sample Data File section.

Import Sample Data *

Run Parameters

Cporator Name |‘r'a'1 |

RapidFre Model-Serid | RapidFre 400, SG2335M 102 Agiert 00O/ Utvo |

Sample Data FHe

Sample Path  |lapidFire Desktop YChen'Practice Rurtemplats 1}5'!43115.1-:| '_ il

Mep Fath 1a==h.|1:r'~.wuﬁtis._impun‘cradln:_ﬂuntmnplmc_[m'EJ:rnll

(® Bppend () Maw

WS Dats Descriptors

[ata Drectory Name |

Injection Neme Suffix v |

Impot Log

row 32, Imponed: MAELMOU 11 L7, LYW _[19, LW_I49, Sampie, , U,
tan_Runtemplate

o 33 Imponed: NRELMOOT 1. C8, CW_20, CW_20, Sample, | 5,
Tan_Rurtemplate

now 34 imporded: MRELMBO11. C3, CW _21, CW _21. Sample, , 50,
‘Yan_Runtemplate1

mowe 35 imporied: NRELMO011. C10,CW_22 CW 22 Sample, , 50,
Yan_Rurtemplate1

o 36 imporied: NEELMO011. C171, CW_23, CW_23, Sample, , B0,
tan_Runtemplate |

ow 37: imponed: NEELMOO11. C12, CW_24, CW_24 Sample; . 50,
Tan_Rurtemplate1

Siatimpot | | Savelog. |

Example result after import sample data.

Note

Check the end of the import log to make sure that all samples are imported without errors,
warnings and skipped samples.

27 Click the green arrow button and follow the prompt to start the plateset.
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Data analysis

28  Convert RapidFire sequence data file(s) to individual injection data files.

Note

Sample data files could miss if ‘Do not covert missed sips' option in the converting
process is checked.

29 Create a new batch in Agilent MassHunter QQQ quantitative analysis software, and load
all individual injection data files. If this is the first analysis of IPA, create a new
quantitative method from acquired IPA standard data file.

Note

Other software such as the Agilent RapidFire Integrator could be also used for analyzing
RapidFire MS data. Refer to each software user guide for details.

sections. Apply the quantitative method and analyze the sample batch.

Note

The calibration standard levels and expected concentrations must match the levels
defined in the sample batch table. Refer to MassHunter QQQ quantitative analysis
software user manual for more details on setting up the quantitative method.

| 30 Validate and save the quantitative method after completing all tasks in the method setup
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Example IPA calibration curve that shows linear fitting ranging from 1 uM to 500 uM.

31 Save sample batch and Export quantitative reports from batch table for further data

processing and visualization.

Acknowledgements

This work was supported by the DOD Tri-Service Biotechnology for a Resilient Supply Chain (T-BRSC) program

through award AWD00007196 to Lawrence Berkeley National Laboratory.

Competing Interests:

BAS has a financial interest in lllium Technologies, Caribou Biofuels, and Erg Bio. None of the other authors have

an outside financial interest to disclose.

protocols.io | https://dx.doi.org/10.17504/protocols.io.ewov19d671r2/v1 January 6, 2025

18/18


https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.ewov19d67lr2/v1

