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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document defines terms and provides general guidance for accurate measurement of optical
signals used for analysis of biological samples in photometric methods. These photometric methods
can use optical signal measurements, including bioluminescence, chemiluminescence, fluorescence or
absorption measurement, that can be applied in the fields of biotechnology, life science and medicine.
A measured optical signal value is applied for evaluating biological parameters qualitatively or
quantitatively, including cellular and metabolic activities, and gene expressions. Photometric methods
are used in applications such as toxicity testing, environmental risk assessment, biomanufacturing,

drug

development, regenerative medicine and biobanking.
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e are significant needs for both manufacturersand users for high quality optical signalm
otometric methods in industry to increase confidence in the repeatability, intermedid
eproducibility for analysis of biological samples. While repeatability of the photemetr
dy sufficient for qualitative characterization of biological samples, quantitative char
res more accurate intermediate precision and reproducibility of optical'Signal mea
res proper optical signal measurements, and it also requires assessment of deviatio
proportionality of the optical signal and the output of the photometric method. R¢
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applications of photometric methods.
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Biotechnology — Minimum requirements for optical signal
measurements in photometric methods for biological
samples

1 Scope

This
phot

This
chen
abso

This
phot
optid

This
of m¢
spec

document specifies minimum requirements to support accurate measurement of optidal signals in
pbmetric methods used for qualitative or quantitative characterization of biological samples.

document is applicable to optical signals that are generated, for example,"by bioly|
iluminescence and fluorescence, and optical signals that are detected as)changes of
[ption.

document addresses the verification of optical signal measurement instrume
bmetric methods for measurement of biological samples includihg considerations f
al references.

Iminescence,
light due to

ts used in
r the use of

document does not provide sector- or application-specific\performance criteria for the workflow

basuring biological samples. When applicable, users canalso consult existing sector- or
fic standards, or both.

2 Normative references

Ther]

Fort
ISO 4
— 1
— 1
3.1

e are no normative references in this document.

Terms and definitions

he purposes of this document, the following terms and definitions apply.

application-

nd IEC maintain terminolegy databases for use in standardization at the following addresses:

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia;-available at https://www.electropedia.org/

accufracy
ness ef\agreement between a measured quantity value and a true quantity value of a measurand

close

Note

1¢%0 entry: The concept “measurement accuracy” is not a quantity and is not given a numetical quantity

value

. Ameasurement1s Ssaid to be more accurate when 1t oIfers a smaller measurement error.

Note 2 to entry: The term “measurement accuracy” should not be used for measurement trueness and the term
“measurement precision” should not be used for “measurement accuracy”, which, however, is related to both

these

concepts.

Note 3 to entry: “Measurement accuracy” is sometimes understood as closeness of agreement between measured
quantity values that are being attributed to the measurand.

Note 4 to entry: ISO 5725-1:1994 uses a different definition for “accuracy”.

[SOURCE: ISO/IEC Guide 99:2007, 2.13, modified — “measurement accuracy” and “accuracy of
measurement” deleted as terms. Note 4 to entry added.]
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3.2
biological sample
material or object of biological origin

3.3
dynamic range
range of optical signal (3.6) values that can be measured quantitatively

[SOURCE: ISO 2041:2018, 3.4.17, modified — “optical signal” and “quantitatively” added to the
definition.]

3.4
light source
optical devife emitting appropriate wavelength(s) in a specified spectral region

Note 1 to entfy: A light source can be a part of an optical signal (3.6) measurement instrument.

[SOURCE: 1§00 25178-604:2013, 2.3.1 modified — “wavelength(s)” replaced “range»of wavelengths”.
Note 1 to entry added.]

3.5
optical refe@rence
material, light source (3.4) or photodetector, sufficiently reproducible and stable with respect to optical
properties, that has been established to be fit for its intended use

EXAMPLE Light emitting diode (LED)-based reference light source\(3.11), laser, slide of fluorescent glass,
fluorescent dlye in solution or other matrix (e.g. fluorescent bead), slide embedded fluorescent material, refefence
filter, referenice cuvette, reference film, reference solution, power nreter (3.9) (see Annex B).

Note 1 to entry: The term “optical reference” includes both aincalibrated references and calibrated standards.
Optical references can be distributed by an internal organizZation or prepared by a laboratory (e.g. in-ouse
standard, in-house reference material).

Note 2 to enptry: Optical references can be used (or verification (3.14) of optical signal (3.6) measurgment
instruments [see Annexes D, E, G, H,I and ]).

3.6
optical signal
light emitted or changes of light due’to absorption caused by transmitting light through samples or
chromogenif substances

Note 1 to enfry: The optical sighal measurement involves, for example, bioluminescence, chemiluminesd¢ence,
fluorescence fand absorption measurements. Annex A gives information about optical signals.

Note 2 to entfy: In this‘dgocument, the term “optical signal” focuses on light before detection.

3.7
optical signatintensity
strength of anepticatsigreatt

2 L0
J-UJ

Note 1 to entry: Intensity can be used to express the absolute strength or relative strength of an optical signal.
An appropriate unit can be used in order to express the intensity of a particular optical signal.

3.8

photometric method

analytical technique using optical signal (3.6) measurement(s) to determine components or biological
parameters of biological samples (3.2)

Note 1 to entry: The photometric method includes preanalytical, optical signal measurement and data analysis
procedures.

Note 2 to entry: Biological parameters of biological samples include, for example, cellular and metabolic activities,
and gene expressions.

2 © IS0 2023 - All rights reserved
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Note 3 to entry: Examples for representative photometric methods are shown in Annex B.

Note 4 to entry: Analysis and assay results of photometric methods can be expressed qualitatively or
quantitatively.

Note 5 to entry: The term “radiometric” is widely used instead of “photometric” in the field of optical engineering
(e.g. IEC 60050-845).

3.9

power meter

optical power meter

measurement device to determine the radiant power of light used as an optical reference (3.5)

Note [l to entry: The watt (W) is used as a unit to express radiant power.

3.10
precision
closgness of agreement between indications or measured quantity values“obtained by replicate
meagurements on the same or similar objects under specified conditions

Note |l to entry: Measurement precision is usually expressed numerically by-theasures of imprec}sion, such as
standard deviation, variance, or coefficient of variation under the specified*conditions of measurenjent.

Note[2 to entry: The “specified conditions” can be, for example, repeatability conditions of measurement,
intermediate precision conditions of measurement, or reproducibility conditions of measyrement (see
SO 5[25-3:1994).

Note B to entry: Measurement precision is used to define megsurement repeatability, intermediate measurement
precifion, and measurement reproducibility.

Note @ to entry: Sometimes “measurement precision”’d@s erroneously used to mean measurement acguracy.
Note 5 to entry: ISO 5725-1:1994 uses a differentdefinition for “precision”.

[SOURCE: ISO/IEC Guide 99:2007, 2.15,1hodified — “measurement precision” deleted as a term. Note 5
to entry added.]

3.11
reference light source
lightjsource (3.4) used as an optical reference (3.5)

EXANMPLE Characterized or calibrated LED and laser.

3.12
reference material for calibration curve
matgrial witlhkhown value of concentration or amount of a specific substance, for intended purpose

Note [l teferitry: It is identical to or commutable with the measurement object of a biological sample [3.2).

Note 2toemtry EXampies for eXpressing CONCENtration and anourt are Mot/ T and mot, TeSpectively.

3.13

validation

confirmation, through the provision of objective evidence, that the requirements for a specific intended
use or application have been fulfilled

Note 1 to entry: The objective evidence needed for a validation is the result of a test or other form of determination
such as performing alternative calculations or reviewing documents.

Note 2 to entry: The word “validated” is used to designate the corresponding status.

Note 3 to entry: The use conditions for validation can be real or simulated.

©1S0 2023 - All rights reserved 3
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Note 4 to entry: ISO/TS 16393:2019 uses the term “validation” in a different meaning in defining “validation

experiment”. ISO/IEC Guide 99:2007 uses a different definition for “validation”.
[SOURCE: ISO 9000:2015, 3.8.13, modified — Note 4 to entry added.]
3.14

verification

confirmation, through the provision of objective evidence, that specified requirements have been

fulfilled

Note 1 to entry: The objective evidence needed for a verification can be the result of an inspection or of other

forms of dete

rmination such as performing alternative calculations or reviewing documents.

Note 2 to ent
Note 3 to ent
Note 4 to ent

[SOURCE: IS

4 Princi

4.1 Gene

Optical sig
absorption
used for bi
quantitative
information|
samples are

NOTE1 EY

)

Fy: The activities carried out for verification are sometimes called a “qualification process™
y: The word “verified” is used to designate the corresponding status.

Fy: ISO/IEC Guide 99:2007 uses a different definition for “verification”.

0 9000:2015, 3.8.12, modified — Note 4 to entry added.]

ples

ral

nal measurements, including bioluminescence, chemiluminescence, fluorescence
measurements, are used in photometric methods.“Optical signal measurements are

plogical samples to determine a diverse set.of biological parameters qualitatively
ly, including cellular and metabolic activities,and gene expressions (see Annex A for

. In the photometric methods, the optical signal intensity and spectrum from biolg
measured using instruments.

amples of instruments are luminometers, imaging analysers, fluorescence plate readers,

cytometers, microarray readers, spectrofluorometers, plate readers, spectrophotometers and DNA seque

(see Annex B).

Accuracy, p
factors used

Photometrid

NOTE 2
determined
experience (¢

Accurate an|
selection off

Fecision, repeatability and reproducibility represent some of the important metrolg
for evaluating the effectiveness of photometric method applied.

methods can be-qualitatively validated using positive and negative control materials.

The performance characteristics of qualitative photometric methods and their validation ¢

vith appropriate statistical models depending on the method, structure of data and stati
.g. IS0/ TS 16393).

and
bften
and
more
gical

flow
ncers

gical

in be

stical

riate

alysis(and assay results are obtained by measuring the optical signal with an approp

éxperimental materials, including the reagents generating the optical signal fronll the

sample, and

the use oI sultable Instruments Ior the intended purpose.

Sample preparation is also an important factor governing the performance of a photometric method.

Optical signal measurements produce relative and absolute optical signal values that are functionally
related to the quantity of specific characteristics of biological samples or biological parameters. In
spectral-resolved measurements, spectral characteristics are indicative for the interaction of particular
molecules, structural elements of molecules, or molecular interaction with electromagnetic radiation of
different energy.

In some cases, calibration curves constructed using a reference material for calibration curve are
required for quantification of the absolute amount of biological sample. A calibration curve can be also
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used to determine an effective amount of a test article (e.g. an amount that elicits 50 % response across

the c

NOTE 3

alibration curve or EDg).

Annex H gives an example for the construction of a calibration curve.

For measurement of biological samples, it is sometimes necessary to label or stain biological samples,
introduce a reporter gene into cells, tissues and whole organisms, or trigger chemical reactions.

NOTE 4

Activ

NOTE 5

ity of cells can sometimes affect optical signals.

Reagent quality and its photophysical and chemical properties affects optical signals from the sample.

Ambient light radiation can cause deterioration of bioluminescent reagents, chemiluminescent

reagg

Whe
if the
by th
resp
funcf
ther|

NOTH
mearn

NOTIH
areli

Prea
antig

4.2

Phot
resp
abso

NOTH

The
laboi
instr

Opti
the p
rang

NOTH

nts, fluorescent materials and fading absorption.

h cells are used in photometric methods, the robustness of analysis and assay reslts’is
cellular activity is unstable. In particular, optical signal measurement results.are’dire
e stability of the cellular activity during long-term storage/subculturing @nd by thg
pnsiveness to the target bioactive substance. The incident measuring light'can also af
ions and properties, in particular if the cells are exposed to the light for along period.

eliability of optical signal measurement results can be increased by maintaining cell st

6  Examples are assays to evaluate cellular activity, including viability, toxicity and metabo
s of cell-based assays.

7  Relevant standards that describe representative methéds by means of optical signal m
sted in Annex C.

halytical procedures applied before performing optical signal measurements, includi
en-antibody reaction, dye labelling or staining, ¢an affect analysis and assay results.

Instruments and measurements

bdetectors, including photomultipliers, photodiodes and image sensors, have spec
pnsivities. Optical signals, including bioluminescence, chemiluminescence, fluorg

1 AnnexK gives examples.for spectral responsivity data of photodetectors.

optical signal measurement instruments are affected by environmental condition
atory temperature; and exposure to direct sunlight. Adjustment of the spatial resg
ument can be reguired depending on the application.

fal signals can'be measured quantitatively when the signal intensity is within the dyna
hotodetector. Photodetectors have specific linear or nonlinear responsivities within t|
e, whichican be determined with test measurements.

2.7\, The limits of linearity can be determined statistically.

less reliable
ctly affected
stability of
fect cellular
Accordingly,
ability.

ic activity by

easurements

ng cell lysis,

fic spectral
scence and

Fption, can be measured accurately by using spectrally suited photodetectors and coldur filters.

s, including
lution of an

mic range of
his dynamic

Most instruments perform relative measurements of optical signals. The output values, therefore,
depend on the instrument unless a reference material is available to establish a calibration curve. Only
when the instruments are absolutely calibrated in radiometric values including the number of photons,
can the measured optical signal values be expressed as absolute radiometric quantities.

Background signals can affect optical signal measurement results. Typical sources of background
signals are electrical noises (e.g. dark count and read-out noise) and optical noises (e.g. stray light and
external light).

Background signals can exist even in the absence of optical signals. Background signals are
automatically or manually subtracted after optical signal measurement.

© IS0 2023 - All rights reserved
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4.3 Optical references

Optical references can be used to confirm the performance of optical signal measurement instruments,
including repeatability, intermediate precision, reproducibility, dynamic range and other related
instrument performance.

Consistency of optical characteristics between the optical reference and the biological sample increases
confidence in instrument performance and the analysis and assay results by measuring the optical

signals of biological samples.

NOTE
luminometer,

q11n]ifir:\tinn with I F‘n) laser slide of fluorescent gl:\cc' fluarescent dyp in solution or other m

Examples for optical references are an LED-based reference light source (see Annex D for an exemplary

atrix

(e.g. fluoresc
reference sol

Optical refe

bent bead), slide embedded fluorescent material, reference filter, reference cuvette, refereneg
ition and power meter (see Annex B).

Fences can be used for installation qualification, operational qualification and\performni

qualification. Optical references can also be used to compare photodetector responsivity bet}

instrumentg.

Optical refe

rences can be used to calibrate optical signals to amounts or relative.amounts, or pote

of target bidlogical samples.

5 Minim
5.1 Elem

Standardizg
measuring t

Instrument;j
optical sign
procedures.

NOTE1 St

NOTE2 In
colorimetric
The copy nun

The manuf3
samples.

um requirements to support optical signal measurement

ents of photometric methods

d approaches should be followed to providéiaccurate analysis and assay result
he optical signal in photometric methods for.analysis of biological samples.

, reagents, biological samples including.cells, and other experimental materials use
hl measurement in the photometric methods shall be selected for the intended purpos
Reagents and biological samples shall be properly stored and maintained.

pbility of reagents and biological samiples can change during long-term storage and maintenar]
cells expressing reporter gene(s), including bioluminescence, chemiluminescence, fluorescer
hber of the reporter gene(s) can also change during long-term subculturing.

cturer’s instructions should be followed for storage and use of reagents and biolo

Optical components_ef\instruments (photodetectors, optics and light sources) used for optical s

measureme
properties,

hts shallbbe selected in accordance with the optical characteristics, including sp¢
pf the\photometric methods and biological sample.

Interference

or enhancement of the anrn]cignqlPﬁlfhp qppnrnrnclrpqunrclcnhnnﬂ'nnd biaol

film,

ance
iween

ncies

s by

d for
b and

ce.

ce or

reporter gene, expression(leyel of the reporter gene(s) can change during storage and subcultiring.

gical

ignal
ctral

gical

sample used should be taken into account.

NOTE 3

Some apparatus, reagents and solutions have inappropriate characteristics for optical signal

measurements, including inhibition or enhancement of reactions creating interfering signals due to absorptive/
fluorescent/quenching/phosphorescent/corrosive properties.

NOTE4  Ancillary materials including phenol red (due to absorption) can alter optical signal measurement
results.
NOTES5  Adhesion to container walls can cause false concentration particularly for low concentration samples.

Depending on instrument design, the concentration can also be too high due to carry over from a preceding
measurement of high concentration samples.
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5.2 Verification of optical signal measurement instruments

5.2.1 Optical references

Optical signal measurement instruments shall be verified using optical references.

NOTE1 Examples of optical references and instruments are listed in Annex B.

Optical references can be used to verify repeatability, intermediate precision and reproducibility.

Optical signal measurement instruments that have been verified by the manufacturer should be

mai tainnd o dinagtratha oo b e T o b o
e aateoragtotnet-Hahthatta eSSt aeH0hs:

Reference light sources, including light emitting diode (LED) or laser, can be used to vetify responsivity
of luminometers, fluorescence plate readers, microarray readers and imaging analysers. Pulsed LEDs
can e used as a reference light source for photodetectors in flow cytometers.

NOTHE 2  AnnexE givesinformation and an example for the application of reference light sources fofr comparison
measurements of luminescent biological samples using luminometers.

Refefence fluorescent materials, including fluorescent substance, solution or beads, can be used to
verifly responsivity of imaging analysers, flow cytometers, spectroftuorometers and fluorescence plate
readegrs.

NOTHE 3  Further guidance on characterization and assessment ofisuitable reference materials can be found in
ISO Guide 35:2017.

A power meter (an optical power meter) can be used~te verify excitation light power (W) of imaging
analysers, flow cytometers, spectrofluorometersy microarray readers, fluorescence plate readers,
spectrophotometers and plate readers.

A reference cuvette or reference material)for absorbance measurement can be usgd to verify
responsivity of plate readers, spectrophotometers and imaging analysers.

A reference light source whose optical signal value is calibrated absolutely against power (W) or
number of photons can be applied.to-calibrate absolute sensitivity of the instruments.

NOTE4  Annex] gives an exaniple for the calibration of reference light sources and luminometersg.

In-hquse standards (e.g,authentic materials) can be used as optical references when the regroducibility
or the stability is confirmed.

5.2.2 Dynamicsange

The dynamic.range of the photodetector in an instrument to quantitatively measure optical signal(s)
from|biological sample(s) shall be determined.

NOTH 1~ Evaluation of dynamic range is generally conducted as installation qualification and/olr operational
qualification of optical signal measurement instruments.

NOTE 2  The lower limit of dynamic range can be given by the limit of quantification, whereas the upper limit
of dynamic range can be characterized by onset of unacceptable anomalies in sensitivity.

NOTE 3  Examples for the dynamic range determination of luminometers can be found in Annex G. Annex H
gives an example for the construction of a calibration curve and the dynamic range determination of fluorescence
plate readers. Annex I gives an example of the dynamic range determination for flow cytometers.

The dynamic range can be determined using an LED reference light source, serial dilution of reference
material or reporter proteins, including bioluminescence, chemiluminescence, fluorescence and
chromogenic proteins, chemiluminescent reagents, and reference cuvettes or reference materials for
absorbance measurement.

©1S0 2023 - All rights reserved 7
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Reference fluorescent material series with variable and previously determined relative densities
or concentrations can be used to determine, adjust and correct the dynamic range of fluorescence
measurement instruments.

5.2.3 Background signals

Background signals associated with instruments shall be determined by measurements taken in
conditions without the interference of optical signals from analytes. Background signal subtraction

should be appropriate for the intended purpose.

NOTE 1

Examples of background signals are dark count and read-out noise.

NOTE2  B{

Error sourc
and spectra
samples or ¢

NOTE3 Sy
are stained o

Error sourd

ckground signals can be evaluated using an untreated sample or without a sample.

s related to optical signal measurements, including stray light from neighbouring san
| overlapping between multiple detection channels, should be evaluated using-approp
ptical references.

ectral overlapping can be determined and compensated by using single-colotired samples, ¥
' labelled with the same fluorophore or luminophore as the test sample,

es from biological samples and containers, including autofldorescence, photobleac

quenching and phototoxicity, should be taken into account.

To reduce p
time should

When multi
be taken int

NOTE 4
information i

5.3 Optig

53.1 Opt

Optical sign|
to 5.2.

For quantitj
dynamic ra
considered {

NOTE1 Sd
by adjusting

hotobleaching and phototoxicity, the upper limit of the ‘excitation light and the expq
be controlled.

twell plates are used as a measurement containgt;applicable well-to-well crosstalk s}
p account.

The colour of multi-well plates influences detection sensitivity and well-to-well crosstalk. Addi

s given in Annex F.
al signal measurement of biological samples

jcal signal measurement

al measurements shall be performed using instruments that have been verified accol

htive evaluation; the optical signal intensity from a biological sample shall be withi
hge of the instriment used, as described in 5.2.2. Beyond this range results can on
or qualitative evaluation.

metimes the signal intensity detected by the instruments can be brought within the dynamic
he’sample concentration.

hples
riate

vhich

hing,

sure

1ould

ional

rding

h the
ly be

fange

NOTE 2

instruments by adjusting the power of light source.

5.3.2 Cali

bration curve

The target biological samples shall be quantified within the dynamic range of a calibration curve.

Incident Tight on some photodetectors can eventually be controlled within the dynamic range of the

NOTE1 The calibration curve can be constructed using a reference material for calibration curve wherever
applicable.
NOTE 2  There are some quantification methods that can be performed without using calibration curve

methods, but only if a calibrated optical density (OD) measurement method is available and a molar attenuation
coefficient (€) has previously been determined.

NOTE 3

8

Annex H gives an example for the construction of a calibration curve.
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dynamic range.

NOTE 5

digital polymerase chain reaction (PCR)).

5.3.3 Photometric methods

Calibration curves can be used for verification of instruments, especially for determination of

There are some quantification methods that do not need the construction of calibration curves (e.g.

Photometric methods originally developed in the same laboratory or modified from the validated
methods shall be validated for each specified intended use.

ethod, the

Whe prpdpﬁ'nnﬂ acceptance criteria are prnvidpd for the validation of a phnfnmph‘ir‘

metHod shall be validated for laboratory use based on the same criteria.

For

photometric methods intended to evaluate each relative activity of target bidactive

optidal signal measurement data, including fold-change values, should be validated by a
expefiment using appropriate positive and negative control materials.

NOTH

external quality assessment (EQA) or proficiency testing (PT).

5.3.4 Personnel

Opti

operfptor, who are appropriately trained and understand the.concepts of the requirements
and $.3.2.

NOTH Specific guidance on personnel in medical labératories can be found in ISO 15189.

Devifes and instruments specifically designed and developed for untrained non-profession|
shoulld be used according to the manufacturer’siinstructions.

5.4

Data analysis and reporting

Repdrting shall incorporate details to allow independent assessment.

Repdrts should include the following elements, wherever applicable:

a)

b)

optical signal measurement procedure:
1) the measurement protocol and data analysis method;

2) calculation formulae (e.g. subtraction of absorbance at certain wavelengths, of
subtractions);

3) theéTreaction time (from the addition of reagent before optical signal measurement]}

substances,
comparison

Accurate analysis and assay results by measuring optical signal can-be validated by pafrticipating in

fal signal measurement in photometric methods shall be performed by personnel, including the

in5.2,5.3.1

al operation

der of such

4) ~“the environmental condition(s) (e g _temperature humidity):
J CJ U =] r 4 JI7

optical signal measurement instruments:

1) the component of instrument (e.g. photodetector, filter, spectroscopy);

2) instrument specifications and settings used (e.g. gate or exposure time for optical signal

detection, wavelength resolution);

3) the suitability of instrument characteristics to optical properties of sample (e.g. spectral

matching);
optical references:

1) thetype and name;
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2) specifications as applicable (e.g. power (W) or photon number for reference light source,
spectrum and intensity for fluorescence material, responsivity for power meter, absorbance

for
3) the
4) the
5) the

reference cuvette or material);
measurement conditions (e.g. settings of instrument and optical reference);
measurement result of optical references as applicable;

precision when statistical analysis is performed;

NOTE 1 Measurement result can be expressed as relative or absolute values.

d) biologidal'samples:

1) the

type and specifications of each sample (e.g. lot number, source, passage number ©of| el

appllicable;

2) the
3) the

date and sampling procedure(s) as applicable;

transport and storage conditions as applicable;

e) reagents and substances:

1) the
2) the
3) the

name, source (e.g. lot number) and country of origin;

transport and storage conditions as applicable;

negative control materials used as applicable;

f) results
1) the
2) the
3) the

4) infq

arb

bf the optical signal measurement of biological'samples:
measurement result;
precision when statistical analysis. i$;performed;

person responsible for the results including the operator;

trary units should be expressed in the unit of the optical reference;

NOTE 2 Units can-be expressed as relative or absolute values.

5) the

g) unexpe

date and time‘fjoptical signal measurement;

rted observations:

1) any|unexpécted observations made during analysis;

2) vali
pro

3) the

dated modifications from the manufacturer's instructions or applicable standard oper

s) as

description of a reference material for calibration“curve, and appropriate positivg and

rmation on the units of optical signal; measurement results given on the basis of relatiyve or

htion

cedures;

observed interference factors.

NOTE 3 The information in the above list can be included in a quantification result, calibration, instrument
verification and method validation report.

10
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Annex A
(informative)

Principles of bioluminescence, chemiluminescence, fluorescence
and absorption

A.1 | General

Components of biological samples and biological parameters, including cellular and metabolic activities,
and gene expressions, are measured and evaluated qualitatively or quantitatively by photometric
metHods. In the photometric methods, the optical signal intensity and spe€trum fr¢m samples
asso¢iated with the quantity of biological samples or changes in biological parameters aie measured
using optical signal measurement instruments. Optical signals to be) measured originate from

biolyminescence, chemiluminescence, fluorescence, absorption and othePrelated optical signals. In this
annex, representative principles of optical signal measurements in pifotometric methods arfe described.

NOTHE1 This document describes measurements of bioluminescence, chemiluminescence, fluorescence and
absoifption because they are widely utilized in photometric methods? There are, however, some dther possible
opticpl signals that can be measured including phosphorescengg, electroluminescence and Ramgn scattering.
Ther¢ are also some techniques related to fluorescence, includitig'Foerster energy transfer, fluorescence lifetime,
fluorescence polarization and multi-photon excitation. Nephelometry measuring turbidity is alfo related to
opticpl signal measurement.

NOTHE 2  Inthe photometry and radiometry field, liminous intensity (in units of candela) and radjant intensity
(in unpits of W/sr) are strictly defined for a point source. However, the term “intensity”, including “pptical signal
intenpity”, in this document simply indicates strenrgth of optical signal and is not used only for a point source.

A.2 | Bioluminescence and chemiluminescence

Light emission resulting from~chemical reactions of certain chemicals including luminql is defined
as “dhemiluminescence” and the responding chemical reaction is often called “chemilyminescence
reaction”. In a chemiluniinescence reaction, enzymes including peroxidase and phosphatase are
ofter] used as a catalyst)that is widely employed in photometric methods such as enzyme-linked
immpinosorbent assdy)'In cases where the enzyme is luciferase or photoprotein, the|reaction is
called “biolumineseence reaction”. As the reaction substrate used for bioluminescerlce reaction
is cqlled “luciferin”, bioluminescence reaction is called “luciferin-luciferase reaction’| The term
“bioluminescence” covers the production and emission of light by a living organism or emigsion of light
by a [laboratory biochemical system. Therefore, bioluminescence reaction can be considerg¢d as a form
of chemiluminescence reaction.

Bioluminescence reporter genes are widely used for TEPOTTET gENE assays to evaluate gene expressions,
protein-protein interactions and biological activity of substances.

Bioluminescence enzymes are also used to quantify cellular adenosine triphosphate (ATP) amounts
and enzymatic activity.

In cell-based assays by means of bioluminescence measurement methods, cells are generally treated
with the target bioactive substance and incubated for a certain period. Afterwards, the cells are lysed,
and the bioluminescence signal is measured by adding the bioluminescent reagent into the solution.

NOTE1 Bioluminescent reagent generally contains luciferin and multiple chemicals for the enhancement and
stabilization of the luciferin-luciferase reaction.

Biological activity of a substance can also be evaluated quantitatively or qualitatively without
disrupting the cells by means of real-time bioluminescence monitoring or bioluminescence imaging.
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Bioluminescence and chemiluminescence reactions emit light in different spectra depending on the
reactant.

In bioluminescence and chemiluminescence reactions, optical signal intensity changes with time
following the initiation of the reaction by the addition of a bioluminescent reagent or a chemiluminescent
substrate, respectively.

The degree of time-dependent alterations of optical signal intensity (i.e. reaction kinetics) largely
depends on enzyme and substrate combinations. These alterations of optical signal intensities are

further affected by ambient conditions, including temperature.

NOTE 2

When the measured hioluminescence or chemiluminescence value is PYpT‘PQQPd as an absolnte s

ower

(in units of W

NOTE 3
measuremen

A.3 Fluol

Light emissi
emission of
as the light

light absorp
in the broa
emission frq

NOTE1 In|
of characteri
excitation mg
than that of t

NOTE2 Inf
substance is

) or as the number of photons, it is an absolute value; in other cases, the value is relative.

Absolute bioluminescence or chemiluminescence signal value can be measured using an optical §

L instrument with photodetector that is calibrated absolute responsivity.

rescence

on process in which absorption of light of a given wavelength by substance is followed b
ight at a longer wavelength is recognized as fluorescence. “Phosphorescence” is also k

[l scientific fields. Scientifically, fluorescence and phesphorescence are described a
m the excited singlet or triplet state of the molecule; respectively.

[SO 9555-4:1992, 3.1, fluorescence is described as follows: “The emission of electromagnetic y
stic energy when atoms or molecules decay from ah excited state to a lower energy statq
y be induced by subjecting the substance to radiation of slightly higher energy (shorter wavele
he characteristic emission, and it ceases as soon‘as the external source is removed.”

IEC 60050-845:2020, fluorescence is described as follows: “emission of optical radiation w
exposed to any type of electromagnetio radiation, where the emitted radiation generally ap

within 10 nanoseconds after the excitation”.

Fluorescent
biological s4
dyes and rej

respectively;.

NOTE 3
measuremen

NOTE4  S{

materials in biological samples, including fluorescent dyes, fluorescent proteins
mples, emit fluorescence signals produced by irradiation with excitation light. Fluoresg
porter genes are used.in‘bioassays by labelling/staining or connecting to the target ob

Albpsolute power (in units of W) of fluorescence emission can be measured using an optical §

L instrument with'calibrated absolute responsivity, including quantum efficiency of photodete]

me chrofmotropic compounds are used, which are, for example, made to change fluores

spectrum angl to be from non-fluorescent to fluorescent, during the assay procedure.

Fluorescent

materials bind to specific biological components (proteins, nucleic acids and moleg

bmission after light absorption, despite the emission delaysd¢emarkably after excitat11
tion. Thus, both fluorescence and phosphorescence are categorized as “photoluminesct

ignal

y the
own
n by
bnce”
5 the

vaves
. The
ngth)

hen a
pears

and
ence
ects,

ignal
ctor.

rence

ules)

and/or spec

£ 111 1 : (] 1 bR M 1 1 4
1ICdITYy 10CdITIZC TIISTUC U1 OULSIUC CCIIS TIT 4 LHTITC=UCPCITUCIIU ITTdITTICT.

Fluorescent dyes, fluorescent proteins and biological samples have specific excitation and emission
spectral properties.

The fluorescence signal intensity from the samples is usually proportional to the irradiation of
excitation light.

The fluorescence signal intensity can be reduced by irradiation of excitation light, which is known as
“photobleaching”.
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A.4 Absorption

Dyes and chromogenic substrates are detected by absorbance measurement. Also, absorption properties
of biological samples are utilized to spectrometric measurements. Absorbance measurement methods,
including the enzyme-linked immunosorbent assay, spectrophotometric analysis and reporter gene
assays, are used to quantify biological samples, or cellular function assessment.

NOTE1 Absorption is caused by transmitting light through samples or chromogenic substances.
Transmittance looks at extinction which also includes contributions from refraction and scattering.

NOTE 2  Some chromotropic compounds change absorption or absorption spectra during the assay procedure.

NOTE 3  Cellular functions include enzymatic activity, cellular uptake and organelle activity.

Chromogenic reagents bind to specific biological samples and localize inside or outside cells in a time-
dependent manner.

NOTE 4  Qualitative evaluation of chromogenic assays is sometimes based on ¥isual inspection of colour.
Quanfitative evaluation uses measurement of absorption at different wavelength.

The |optical signal intensity from chromogenic reactions depends) on the reaction time and
environmental factors, including temperature.
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Annex B
(informative)

List of optical references, optical signal measurement instruments
and representative photometric methods

Examples ogf—eptical—references,—optical—signal—measurement—instruments,—and—representative
measurement methods for photometric methods are shown in Table B.1.
NOTE Afeference plate can be used as an optical reference for quantitative real-time PCR.

Table B.1 — List of optical references, optical signal measurement instruments and

representative photometric methods

Fluorescence

Fluorescent solution

Optical signal R .
. . . epresentative
Optical signal Optical reference measurement .
. photometric method
instrument
Reporter gene assay
' . Tub(_e or microplatestype ATP assay
Bioluminescence LED luminometer
Immunoassay
Imaging.afalyser Bioluminescence imagfing
Tube of microplate-type | [mmunoassay
Chemilumingscence LED luminometer Reporter gene assay
Iraging analyser Western blotting
Fluorescent glass Microplate reader Immunoassay

Spectrofluorometer

Reporter gene assay

Fluorescent dye

Flow cytometer

Flow cytometry

fluorescent material

Laser

Fluorescentbead Immunoassay

Pulsed LED ) )
DNA sequencer Sequencing analysis

Laser

Glass slide embedded Fluorescence imaging

Imaging analyser

High content analysis

Microarray reader

[72)

Transcriptome analys

Power meter

Excitation light source

Reference filter

Reference cuvette
Reference film

Reference solution

Spectrophotometer

Immunoassay

Optical density measure-
ment

Absorption Reference filter Immunoassay
Reference film Microplate reader Optical density measure-
ment
Reference solution
Reporter gene assay
Test target Imaging analyser Electrophoresis
Power meter Light source
14 © IS0 2023 - All rights reserved
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instrjuments using optical references. Preanalytical procedures including sample pfeéy

also

relevant standards describing various analytical and assay methods by meanslLof oy

mea

a)
b)

‘)
d)

e)
f)
g)
h)
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Annex C
(informative)

List of relevant standards describing representative methods

by means of optical signal measurements

measurement

jmportant components for optical signal measurement accuracy. This document eah

gurement. Examples of relevant standards and publications are as follows:
¢ell characterization methods: see ISO 23033;

feporter gene assay (bioluminescence measurement): see [SO~19040-1, ISO 1
References [25], [27], [28] and [31];

feporter gene assay (absorbance measurement): see ISO 19040-1 and ISO 19040-2;

flow cytometry: see ISO 19344, ISO/TS 19006, ISO 20391-1, ISO 20391-2 and Refq
qnd [28];

¢ell viability (bioluminescence measurement, ATR assay): see ISO 13629-1;
¢ell viability (absorbance measurement): see SO 10993-5, ISO 19007 and References [
immunoassay (absorbance measurement): see ISO 15089 and Reference [26];

gpectrophotometry: see Reference:[24].

aration are
complement
tical signal

D040-3 and

rences [26]

9] and [30];
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Annex D
(informative)

Example of qualification of luminometer using LED reference light

source

D.1 Gene€

For the qual
whose stabi
data measy
reproducibi

D.2 Repn

Figure D.1s
light source]

on a microp
results werg

Repeated m
show that t
variation (C
the optical

ensured (se

NOTE In|
values due to
again.

lification of a luminometer, a reference light source, including an LED reference light so

ral

ity and reproducibility have been verified, can be used in testing laboratories. By recol
red with the LED reference light source, day-to-day and experiment-to-experi
ity of the luminometer is evaluated.

oducibility evaluation using LED reference light source

hows an example of the reproducibility evaluation of a luminémeter using an LED refej
A plate-type LED reference light source that emits gréen’light (A,,, = 527 nm) w3

late luminometer. Output value was measured for 5 stat room temperature. Measure
recorded regularly.

pasurements with the LED reference light sourcewere performed for five years. The re
he responsivity of the luminometer is stable;tamely, there is less than 5 % coefficig
V %), excluding the irregular values recordéd before repair. The intermediate precisi
bignal measurements, made with this luminometer during the experimental period
e, for example, Reference [32]).

June 2017, signal intensity from ¢he' LED reference light source continuously showed irre
luminometer malfunction (see Figure D.1). After repair, the signal intensity showed regular v

urce,
rding
ment

ence
s set
ment

sults
nt of
on of

was

gular
alues
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L1-80-810¢
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200 000

150 000 -

100 000

50000 -

o

detector count rate (1/s)

1lepair of luminometer

Key

Y
1

Flgure D.1 — Repeated measurements with luminometer using LED reference light source
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Annex E
(informative)

Example of application of reference light source for comparison
measurements of bioluminescent sample using luminometers

E.1 Gene€

This annex
luminomete
as biolumin
Therefore, i
luminomete
luminomete
indicating (
common me
areference

E.2 Data

Figure E.1
luciferase (1

laboratorieg
well plates ¥
optical sign
laboratory 4

Figure E.1
provided by

laboratory H

As shown in
from bioluni
light source
to compare
scale by util

This methg
bioluminesd

ral

describes an example of comparison of data obtained by measurements with diffi
rs, using a reference light source. In the measurement of bioluminescent,samples,
escent cells, using a luminometer, output value is expressed as relativ€ count
is impossible to directly compare data when measurements are conducted using diffi
rs. Data comparison is also difficult even when measurements are performed
rs produced by the same manufacturer due to lot-to-lot variation of the photodetd
ifficulty of data comparison between facilities. However, data can be compared

ight source, including an LED reference light source.

comparison between facilities

a) shows optical signal intensity of luminescent cells expressing red-emitting b
max = 620 nm), provided by laboratory A to laboratory B, measured independently by
. In the measurements, common commerecigally available bioluminescent reagent and n
vere used, but luminometers produced Gy different manufacturers were used. As a r{
hl intensity expressed as relative count in laboratory B was approximately half of tH
A .

p) shows optical signal intensity from an LED reference light source (A,,, = 624
laboratory A to laboratory-B;'measured in both laboratories. The optical signal intens
was approximately half ofthat in laboratory A, similar to Figure E.1 a).

Figure E.1 c), approximately the same values were obtained when optical signal inte
inescent cells (see'Figure E.1 a)) was normalized by the intensity from the LED refej
(see Figure E.1 b)], where relative value in laboratory A is set to 1. Thus, it became pos
lata measuredwith different luminometers (different facilities) on a common measure
izing thereference light source.

d is ‘helpful when comparing measurement results to ensure the performance

brent
such
alue.
brent
with
ctor,
on a

asurement scale by evaluating the difference in responsivity,between luminometers yising

eetle
both
hulti-
psult,
at in

nm),
ty in

nsity
ence
sible
ment

of a
furer

ent, sample within a laboratory, between manufacturer and manufacturer, manufac

LBcAar an Payatsl

and user, or
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Y1 Y1 Y2
8000 50000 — 2 -
6000 ’ 40 000
30 000 —
I | +—
+000 —— 20000 |- —— =
0 | | 0 | | 0 | |
+—2 t—2 +——2
a) Bioluminescent cells b) LED reference light source ¢) Normaljzed'intensity

detector count rate (1/s)
normalized intensity
laboratory A

laboratory B

Figure E.1 — Light intensities.comparison
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Annex F
(informative)

Example of determination of well-to-well crosstalk in multi-well

plates

F.1 Gene€

This annex
well plates
measureme

Well-to-well
measureme

Well-to-well
black, grey

ral

Hescribes and gives an example of the determination of well-to-well crosstalk. when n
hre used as measurement containers mainly in bioluminescence and chemiluminesg
nts.

crosstalk occurs when stray light enters adjacent wells, reducing the accurag
ht results.

crosstalk is strongly dependent on the instrument and the type of multi-well plate (
pr white). In general, the crosstalk value is the highest for.el€ar plates. The value for

multi-well p
obtained w
but due to t
of the samp

F.2 Dete

Figure F.1 sh
emitting sa
if applicablg
measured. |
of the well ¢

NOTE Fi
values somet
for the entirg

lates is lower than that for white multi-well plates, althaugh higher signal intensity c:
h white multi-well plates. Thus, black multi-well plates 'show the lowest crosstalk yj

t
i\eir low signal efficiency, black multi-well plates can’e used only when the signal inte

e is sufficiently high.

rmination of well-to-well crosstalk

jows a schematic for the determination‘ef well-to-well crosstalk in multi-well plates. A
mple, including luciferase solution a chemiluminescent reagent, or another light sq
, was added into a well, and signal intensities of the well and its surrounding wells
h general, crosstalk values for the surrounding wells are expressed as % when the inte
pntaining the sample is set 2100 %.

pure F.1 shows an example’ of determination of the crosstalk value for a specific well. Croj

SLEEESEE WE 4

mes vary by well location. Therefore, multiple wells can be measured to determine crosstalk y

S

hulti-
ence

y of

Clear,
black
in be
alue,
nsity

ight-
urce
were
nsity

stalk
alues

Qoo

source).
Measure

Q
(0
O

OO

000 0

intensity.

Sample well (1).
Surrounding wells (approximately 2 to 9).

Figure F.1 — Schematic of determination of well-to-well crosstalk in multi-well plates
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Sample (e.g. luciferase-expressing cells or lysates, luciferase enzyme, chemiluminescent reagent or other light
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Figure F.2 shows an example of the determination of well-to-well crosstalk using luciferase-expressing
cells. The cells were seeded into 96-well black and white clear bottom plates. After incubation for one
day, the cells were treated with a commercially available bioluminescent reagent according to the
manufacturer’s instructions, and signal intensities of the well and its surrounding wells (without cells)
were measured. After subtracting the background value (dark counts) from the measurement values,
the signal intensity of the cells was set to 100 %, and crosstalk values for the surrounding wells were

estimated.
CEIE)
NN\ /N LN\ /N
0,026)( 100 ]{0,003 0,415]{ 100 ){0,246
a) Black 96-well clear bottom plates b) White 96-well clear bottom plates
NOTH Values in white circles indicate well-to-well crosstalk values (%).

Figure F.2 — Determination of well-to-well crosstalk usingluciferase-expressing cells
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Annex G
(informative)

Examples of dynamic range determination of luminometer

G.1 General

This annex
enzymes (s€
is generally

G.2 Dyn4g

To determir
be used. Lug
Then the di
appropriate
the generatd

NOTE 1
the dynamic

NOTE2 In
activity of lu

NOTE3 M
reproducibilj

Figure G.1s
green-emitt

with 100 m
same buffer
bottom plat]
the manufad

NOTE4 Inf

22

lescribes an example of the dynamic range determination of luminometer using lucifg
e Clause G.2) and an LED reference light source (see Clause G.3). Dynamic range,evalu
ronducted as an installation qualification and /or operational qualification of alluminon|

imic range determination using a luciferase enzyme

iferase enzyme is diluted with an appropriate buffer and usedte prepare a serial dily
ution solution is dispensed into a measurement container 4ncluding multi-well plate

d signal is measured using a luminometer.

Purified or crude (e.g. luciferase-expressing cell lysate) luciferase enzyme can be used to detej

Fange.

the preparation of the dilution solution, the temperature and composition of buffer can affe
iferase enzyme due to aggregation or deactivation.

pasurement timing after the addition “of bioluminescent reagent is controlled to e
Ity.

hows an example of the dynamic range determination of a microplate luminometer. Puj
ing beetle luciferase enzymes were diluted with 100 mM Tris/HCl (pH 8,0) supplemg
M NaCl and 8 % (m/v) glygerol, and this was used to prepare a serial dilution usin
A 10 pl aliquot of the enzyme solution was dispensed into each well of a 96-well black
e and mixed with 90l of a commercially available bioluminescent reagent. Accordi
turer’s instructions;the signal was measured for 10 s at room temperature.

general, bioluminescent reagents contain excess amount of luciferin against luciferase.

brase
htion
leter.

e the dynamic range of a luminometer, a serial dilution of luciferase enzyme solution can

tion.
5. An
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Figure G.1 — Dynamic range determination of a microplate luminometer using purified

green-emitting beetle luciferase

Dynamic range determination using\LED reference light source

ED reference light source whose light output is variable can be used to determine f
e of a luminometer. The appropriate shape of the LED reference light source is seled
us shapes, including button, tube or-plate shape, are available.

e G.2 shows an example of the dynamic range determination of a microplate lumino
te-type LED reference light source. The LED reference light source, which emits
| = 527 nm), was set on @ microplate luminometer, and signals were measured for
erature. Light output pewer was changed serially (11 steps).

recommended that-the temperature of an LED reference light source in a luminomn
fant during measiirement, because the signal intensity from the LED reference lig
1gly dependentoh temperature.

he dynamic
ted because

meter using
green light
3 s at room

eter is kept
ht source is
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Figure G.2 — Dynamic range determination of a microplate luminometer using an LED
reference light source
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Annex H
(informative)

Example of construction of calibration curve and dynamic range

determination of fluorescence plate reader
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including amplificatiofvvoltage and exposure time, can be adjusted to control the dynamic

NOTH
meas

NOTH
fluor

General

annex describes an example of the dynamic range determination of a fluorescence |
h can be helpful for testing laboratories.

brescence plate reader measures the fluorescence signal emitted by fluerescent substa
ight source in the instrument. Excitation and emission filters are empleyéd to separate
Favelength intended for use. The fluorescence signal is detected by a;photodetector an
bitrary units. For background correction, a buffer solution not centaining fluorescent
ured as a blank and the obtained background value is subtracted from each measured
e fluorescent sample.

Construction of calibration curve

ibration curve can be constructed by measuringaserial dilution of reference fluoresce
have the same fluorescence property as th&'measurement sample (see Figure H.]
rials are suitable for the construction of thé’calibration curve. The quantity of the m
le can be determined by comparing withyfluorescence readout and the calibration cur

When fluorescence staining of nucleic acids or proteins is performed, sample-to-sample
ference in target molecular species/can be observed even if the same fluorescence staining reg

Dynamic range detérmination
dynamic range of the) fluorescence plate reader can be determined from a caliby

[ructed from a refefence material for calibration curve (see Figure H.1). Photodetec

1 Influer€scence measurements, the irradiation power of excitation light and its stability {
urement feadout.

2 ¢ An LED reference light source can be used to determine the dynamic range of a detec

blate reader,

nces excited

light having
d expressed
molecules is
signal value

ht molecules
). Standard
easurement
ve.

variation due
gent is used.

ation curve
tor settings,
range.

Iso affect the

tion unit in a

bscence plate reader.

NOTE 3

In high concentration fluorescent measurement samples, the linear increase of the

fluorescence

readout can be inhibited because most of the excitation light is absorbed on the surface and cannot reach the

samp

NOTE 4

le solution.

due to solvent conditions, can affect the measurement readout.
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Properties of fluorescent samples, such as quenching and/or changing of the fluorescence spectrum
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Example of dynamic range determination of a flow cytometer

I.1 General

Flow| cytometers and droplet digital PCR readers use photodetectors to measure fluoresegnce emitted
from| particles that flow through an optical detection zone (see Figure 1.1 a)). The,detedtion zone is
illunfinated by a continuous light source. The passing particle causes a fluorescence'light pulse that is
dete¢ted and amplified. The amplifier can be linear or nonlinear depending on the applidation or the
desirfjed dynamic range to be covered. The electric output signal is digitized.to’'determine pulse height
or other parameters characterizing the particle analysed.

EXANPLE The area under the pulse can be exploited to improve sensitivity’at low count rate.
sample
flow
cw light . — |- £ . — .
optics optics —— amplifigr
source p /IQi\ p | detector p

a) Measurement

pulsed light >< optics : detector —{ amplifier

source

b) Determination of dynamic range

Figure 1.1 — Optical configuration

1.2 | Dynamic range measurement

The dynamic range of the detector can be determined by replacing the sample stream by a pulsed light
source (see Figure I.1 b)). The pulsed light source can be based on one or more LEDs with controlled
emission characteristics. The analytical instruments typically have two or more fluorescence detection
channels that use different spectral filters in the respective detector optics. It should be considered to
remove the spectral filter for determination of the dynamic range with a pulsed light source, since the
spectral emission range of the LED can be limited. The pulse duration, pulse height and pulse repletion
rate of the optical signal should be adjustable in the range required for testing.

NOTE1  Typical values of the pulse duration are in the range from 0,5 ps to 50 us for measurement with flow
cytometers. Typical pulse repetition rates are in the range from 0,1 kHz to 20 kHz.

The pulse height of the pulsed light source should be varied in regular steps on a linear or on a
logarithmic scale, depending on application. Figure 1.2 shows an example of variation on a logarithmic
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