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What is
spectrometric
analysis?

HXEWLFRAEIT S & REH DB

Introduction to the instruments owned by the |
Joint Research Center and practical examplesgl
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Much of the information in this seminar
uses figures from Hitachi's website
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B Why are apples red? (What is color?)

JTITHNEZD &, ,- When light hits an apple, the colors that are not absorbed
\)f (the complementary colors) are what we see
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Apples absorb certain colors (blue—green light) &/
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The complementary color of blue-green is red
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Colors: rainbow colors, the color of the sky

Quiz:
Which of these is related to spectroscopy?

https://ryutao.main.jp/photolibrary_free _sky 18.html
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Colors: rainbow colors, the color of the sky

DXL Prism L11)—8EL Rayleigh scattering

JEIT- RN OGENIEE Z @AY D) “BREL GENNE R FICHT2D)

Refraction & dispersion (light passing through a medium) Scattering (light hitting small particles)
SEENEV(E) REBITANKEN SEEMNEV(T) IFERELLPTL)

Shorter wavelengths have larger refraction angles Shorter wavelengths (blue) scatter more easily

J'L—7412% Diffraction grating
IR GEDIElE)
- Dispersion through diffraction https://ryutao.main.jp/photolibrary free sky 18.html
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Surface grooves separate light into wavelengths
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Penetrates Earth's
Y N Y N
Atmosphere? [ Y ] Y ]
Radiation Type Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray

Wavelength (m)  10° 1072 107° 0.5%10° 1078 10710 10712

Approximate Scale
of Wavelength

Buildings Humans  Buitterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

10* 108 10 10% 10'® 108 10%°
Temperature of
objects at which
this radiation is the ))
most intense 1K 100 K 10,000 K 10,000,000 K
length emitted : gl
avelengin emite —272°C  -173°C  9,727°C ~10,000,000 °C

From Wikipedia



m9¥tEld Whatis spectroscopy?
NXZxnlFTdlE

Separating light into its components

—1—hODBIHEDERERRIEER

Newton’s spectroscopic experiment is famous.



oS trElE What is spectrometric analysis?

- White light Transmitted light
. FE =)=k IEE
. | - L ~—|>
O- = i =
I I
N I > el >
P e 58
Sun Sample Visual inspection
Machine White light =» Monochromatic light s=p»-Transmitted light
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Lamp Filter Sample  Detector Monitor



B DU LETL—FT127 Prism and Grating

CCDIEEEMNE N D EREENELC LD
If this distance is short, resolution becomes poor.

4_,/ White light \ f
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White light
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Prism

Grating

https://www.hamamatsu.com/jp/ja/product/photometry-
systems/spectrometer/what-is-spectrometer.html

(Reference: Hamamatsu Photonics)
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Mechanism of Spectral Dispersion by a Diffraction Grating

Source

Detector

Mirrors

From Wikipedia
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B EE0H Quantitative Analysis
RLVRELTS—IGAHET. EEMIDODMLLGVGEBZ. HOMLHEEDOHLINA>TVELHAERE LR
TREZRET DAE

The most common method:

A sample with unknown concentration is compared with solutions of known concentration to
determine its concentration.
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B Bouguer-Beer®DEA IREEHSIE

Bouguer-Lambert-Beer Law:

The fundamental law for determining concentration

from absorbance.

RaKDDIESTDEE!

Bouguer-Lamhert-Beer's Law

I I
AT b [cm] BB — ¥
(3R], < » (REED) —)
B
(i c [moliL])
I
= . | _ 0
%T:EBEER %T:Transmittance T2 =107 808 rrrreee e Formula «i
Abs: Absorbance (IRFtE ’
(LR 2eT=T>100 ============- Farmula (2) CDERNCUTED S 44
YtE& = Optical path length: £ YT PR fornula (3 1. B85 \
i . s=logT=log=ec ornula (3) 2. BRAE. CIRA CHORE. EB
&= Concentration:c — m— RGOSR
BRI Molar absorptivity: £ #JB | (Griione BRI or fhe taw fo ol 3. HE. RS BEMHS D
Iﬁlﬁ ODE#( *No reflection at solution interfaces or cuvette fﬂbﬁﬂ(ﬁ:p\@\z\ . -
a constant specific to each substance surfaces; no stray light inside the instrument 4, AENAEPCTREEZLICEANS
*No fluorescence or scattering from solute, solvent T—EThHY . v S DS
molecules, or suspended particles BN
*Solute remains constant in solution regardless of

BEBRADEFEE-2NF1M

concentration; no dissociation or association
equilibria

§ Chem-Station https://www.chem-station.com/chemglossary/2024/04/bouguer-lambert-beers-law.html
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https://www.chem-station.com/

B EAREMPIEEDRE R

Relationship between Transmittance and Absorbance

 BrE
25 1 . EBE

=g |

0.5 1 \*"‘-.
HH___‘EH |
0 4S8 — %1—:" """‘.‘T.‘—-:—
0 0.5 1 1.5 2 2.5
Y2 JIVRE (mg/mL)

X2 : RAEEEBEDRER

F 1.2

- 0.8
06
} 04

1 0.2

28 E(T)

I
T:I_:]D'Ec.ll ............ Formula (17
0
BET=T> 100 == === =mmm= Formula (2)
l
ﬁhs:Ing?ﬂngI—D:EcE ------ Farmula (3

BT VRENE<3DEEBRNDEIL
FHME<LED,

DFY, EEENG <D T TIVIE
EEICTELHDILIWY,

As sample concentration increases, the rate
of change in transmittance decreases.

— Accuracy decreases.
— Samples should be appropriately diluted.




B RS E & SmIEDBIEDELE

Comparison of Absorbance and Fluorescence Measurements

II1X:
(BEEDOT 2 JTIVICHU TERREEEIL. IRICE
EEHEDEESTULOD?

Quiz:
For low-concentration samples, which method is more

effective — absorbance or fluorescence

15



B RS E & SmIEDBIEDELE

Comparison of Absorbance and Fluorescence Measurements

40% of transmitted light passes
through the sample, which
means 60% of light is absorbed

Sample
IRIEFERIEIL BREFUTZEM ED S VERHC o EH
URENTVWBDHZRELTLD 100% of light
100 D3ES DL HEBE Lz

Absorbance spectrophotometry measures
how much of the incident light is
absorbed by the sample.

STNEACN D) e <Al \
HIGAIE X, FEIHEZERLTLD 100% of light

Fluorescence measurement observes 100 DAFIRE LI
emitted light, which is different from the
excitation light.

-

HizHP LY thttps://www.hitachi-hightech.com/jp/ja/knowledge/analytical-

40 DpEEnBY LT EL. 2 Z&0d
TR 3 400%)T 600% DA FERFHNRAR LI

Sample

s

Transmitted light

EE LT EFL

4

T AL ADEEI TR ERT S

x"".z :

Light is scattered
everywhere

COEEFERAT D

systems/spectrophotometers/fluorescence-spectrophotometers/basics/coursel.html

16



B RS E & SmIEDBIEDELE

Comparison of Absorbance and Fluorescence Measurements

RIEHEER. BNEDESHEZLLE T DL —

. ‘ y EREL C ERETY BECHEEDANT T1000FZEFVEAHRBIEX
TR T g Y ey o 3R U
| = ghEqw B L o — LM
.rﬁ y .-"T'Ectj-:t TEE?%Q&:D T;é
7| ot 7 a BEFIFT
Z f} 7 E HEFEE 2 . When comparing quantitative measurements
7 g 4 ;ﬁ | \ using absorbance and fluorescence:
e, ! — ! Fluorescence can quantify samples
s R mRE RE approximately 1/1000 the concentration
) (a) BBXCAREE R (b) &¥i& )

measurable by absorbance.

HIOEIKMERED T > TIVOBEMTHVEIEE

Fluorescence methods allow analysis of very low-concentration samples

HitHP LY thttps://www.hitachi-hightech.com/jp/ja/knowledge/analytical-
systems/spectrophotometers/fluorescence-spectrophotometers/basics/coursel.html
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Weaknesses of Fluorescence Methods

1. Most substances do not emit
fluorescence, even when excited at
various wavelengths.

2.

O Absorbance measurements are
universal —values are consistent
across instruments and
manufacturers.

O Fluorescence intensity is relative, with
no absolute units.

O Detector variability means that even
identical models may give different
numerical values.

O The spectral shape remains the same,
but intensity may vary (e.g., 100 vs.
50).

18
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analysis?
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Introduction to the instruments owned by the _
Joint Research Center and practical exampless




BB ETZ UV =BEEDRIE
Absorption Spectrum of Nucleic Acids in the UV Region

LB CH T DHREEDIRUNANRD < Aseo/Argo2 TIRIC?

KR DHIRE % 3K H D What is A260/A280?. |
9. AsgoldF U INIBERRE ‘Used to assess nucleic acid
8 purity
g -A280 reflects protein
% 5 contamination
. * 1% : DNAERNA
2 DNADBEEZYZWEIZ. T
1 FRICRNADMFET D& Asgo/Asso
0220 230 240 250 260 270 280 290 300 310 320 330 340 350 OD{E[I_“%—< @5 0)_6\\ 53?%:‘73\'*%%

Pk (o) *If RNA is present in a DNA sample,
s 3k A 49472018 A260/A280 increases — caution required

(Shibayama, Analytical Chemistry Society of Japan, 2018)

5%55:5”@5%“5@@50)%?'“%’7 R EMSRIE .Because nucleic acids vary in length, their molar absorptivity
REBII—E TR RERIC KD EZIXIIITAATEE, is not constant.

— Calibration-curve-based quantification is nearly impossible.

RyLREa DRNYIC260 nm [CHBIFBRHNEA,,, ‘Instead of & the concentration at which A260 =1.0 is used.
MN1.0 ERBREESEENRLSTLS Measuring nucleic acids using a spectrophotometer

20



B BMEXRN PR DICEEST Ultra-Micro UV-Visible Spectrophotometer

T IVE: 1 ul
FAIRYVEEFEZD

Sample volume: 1 pL
Cuvettes can also be used

| Leftequipment Right equipment

B 7E iR = EE B
Measurement wavelength range
0% 3t £ 3B 7€ i B Absorbance range

& 45 E Wavelength accuracy
RS ERIEEE (oY M)
Absorbance range (cuvette)

1% Hi &3 B Detection range
Fany MURERE

Cuvette temperature control

190-840nm

0~300 Abs
+1nm
0~1.5Abs

2.0~15,000 ng/uL(dsDNA)
37+0.5 °C

190~850 nm

0~550 Abs
?

0~1.5Abs

2.0~27,500 ng/uL(dsDNA)
37 °C

21



B J)UAOX—%— Fluorometer :COMIT HUFIE: 1 ul

Sample volume: 1 pL

B—1T)LARDDNA. RNA. FEIFFVINIBDREZRIE
Measures DNA, RNA, or protein concentration in a single sample

Blue LED (peak ~470 nm)

HiR Light source o | ED (peak ~635 nm)
FE7 14 ILE— Blue LED (430-495 nm)

Excitation filter Red LED (600-645 nm)

HHEIT1ILA—

Green (510-580 nm)

Fluorescence filter Red (665-720 nm)

BIERIEESRF : 300~1,000 nm
Measurable wavelength range: 300-1,000 nm

22



B 9¥tEt Spectrophotometers :F1XYN91 T Cuvette Type
KO TR RS A IR

UV-Visible spectrophotometer Fluorescence spectrophotometer

- EEEE
Quantitative calculations
- ERAFXv Y
Wavelength scanning
- FFREIZE{LRIE
Time-course measurements
- RERE
UV-Vis absorbance:
190nm - 1100 nm

- BRAEX Y
Wavelength scanning

- RERE

200-750 nm

47S5nm E0Snm

~ — _..l
JOVRAFIA—5— ’ . et
. . _ 100 = == Emia;
Also includes: Pulse oximeter = . Hb o 3 5
ﬁ- —— HbO ‘ E \
= 10 o = \
e s v/ B : |
é \‘\ 1 j E \
" = \ 05 = &
| . 0~ 2
= > 25 . = -~
= £ 20 \/'—‘\-\m = 1
= = 15 it Pl e yorn i aegs o i g 23 Mo - 400 450 500 550 600
‘% 200 400 600 800 1000
S Vinwelength (rem)

=4 i & (nm)

E 39 -2 ~xrovr(@EEl - BREEEL) ORINA<Z F

Fluorescence spectra:

23



B YtEtSpectrophotometers: Multi-well Type

Absorbance, fluorescence, and Absorbance and fluorescence

o OO
1 I
s m 2
=

luminescence plate reader plate reader

Old equipment :
mEDERICEBANND

Controlling temperature is very slow

New equipment

24



B 73355t Spectrophotometer: Multi-well Type 1

[t

BREHE (£/ B0 4A—42—) :230-1000nm
[ESHx] GRELY—FT)

BREHE (£E/ B0 A—42—) :270-850nm,

7 4L 3 — (R #EEA Ex) : 350nm(BW60nm)

74 L3 — (BB o fEEEH Em) : 490nm(BW10nm),
616nm(BW10nm)

*%70I./_ '\*ﬁ:ﬁo

[F#x] (GRELY—FT)
JERELE : 300-850nm (EAAI(Z (XAl wavelengths TER L
TLEELWY

74 )L — (NanoBRETH)
610nm(LP)
*B7L— bR, RELU—FTRIET SEEIE. R"OA
FTL—bDRMLY YT EFERALTLSEZE L, 2UT7T
L— MEARAART,

[Z D]

- RESIEREEE (R +5°C~66°C)

- IEEEEEDY (V=T A—EZIL GRIK) . 8OFIK)
- RV 7 bz T (RERERBESHY)

- 5 7 L— b : 6well~384well 7 L— k

: 410nm(BW 80nm),

4, iy §

[Absorbance]
*Wavelength range (monochromator): 230-1000 nm

[Fluorescence] (bottom-reading available)
*Wavelength range (monochromator): 270-850 nm
*Time-resolved fluorescence filters:

« Ex: 350 nm (BW 60 nm)

e Em: 490 nm (BW 10 nm), 616 nm (BW 10 nm)
*Black plates recommended

[Luminescence] (bottom-reading available)
*Wavelength range: 300-850 nm

Filters (NanoBRET): 410 nm (BW 80 nm), 610 nm (LP)
*White plates recommended

*For bottom-reading: use white plates with clear bottom.
Clear plates cannot be used

[Other features]

*Temperature control: Room temp +5°C to 66°C
*Shaking: linear, orbital, figure-8

«Analysis software included (calibration curve creation)
Compatible plates: 6-384 wells

25



B YtEt Spectrophotometer: Multi-well Type 2

%5 - AIROEIAIE - & IRITEHATRE
QE#IER F LY — FIZxE

HEEIEBH#EE (20-45°C, REDOH)
HEREEEF : 200nm - 900nm

AR MIVEE, &Rl
FIAAEGE T L— F : 6,12,24,48,96,384 well
BIAEBTEICIFET L— FEHE

Microplate Reader (UV-Vis & Fluorescence)

*Unit 1 supports bottom-reading

*Temperature control: 20—45°C (heating only)
*Wavelength setting range: 200-900 nm
*Spectral scanning, multi-point measurements
Compatible plates: 6, 12, 24, 48, 96, 384 wells
*Black plates recommended for fluorescence

26



B DYEHRILFITINIAT Out of service
K~ oOTL—R)—4—

[e]

HO ” . -
\@H + ATP + Oz
N S

D-luciferin

Luciferasel mg**

\Q:Hj/ﬂ’ + AMP+ CO: + iy & E Sensitivity <18 amol/ATP 9fM
. Al E S
Oxyluciferin lﬂ];El&E 340 nm - 630 nm
Measurement wavelength
. BAFIvoLoY 6 #
2 8 Dynamic range > 6 orders of magnitude
2R ey e 10 -100 pl (1 pl 7w 7)
g o4 Injectors Up to 3 (10-100 pL, 1 pL steps)
- BETL— bk 96well
®s0  s0 550 60 850 700 750 Compatible plates 384well (option)
RIEKE (nm) :EF_-_— - s/ I\ | _)[/
/(I 132, 7—~
Wavelength (nm) Temperature control & L none

Spectra of firefly luciferin
EIRRMILFELHET 64%85F (2016 4)



EEH:ED1 RAIEEAE ~MREARDOEEEES(ROS)ZEIDAIE
Practical Example 1: Absorbance Measurement

Monitoring intracellular reactive oxygen species (ROS)
Instrument: SH-9000Lab

v NIXABREN S DRES N7z FAREK:
ROSZZEICEET 2MildELUTHEHA
Neutrophils isolated from mouse bone marrow
Known for producing large amounts of ROS

v ROSZEZY—9 S E BriEIRIOLC
EAESN D EMNHAZED D (BAEND)
ROS indicator: Reduced cytochrome c
Oxidation changes its absorbance (color change)

. v 550 nmiBEDRINERIE T S & ROSOE
ey ZEZY—TED

o Measuring absorbance around 550 nm allows
monitoring of ROS levels

-3‘." A .
J.‘?r{ > AL
| SR AES

I [ bl i L o L N
(R AR A e
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B+ OLCHEREETT G Cytochrome ¢ Redox Reaction

[RIE -

DR OLCONLEBDOEIEEZETREZFAL TS,

BRIEE D SffiFe3* DN, R—N—F XL K7 Z2F VICK > TETEDFeZZEHL SR
Principle:

*Uses the redox reaction of the heme iron in cytochrome ¢

*Oxidized Fe3* is reduced to Fe2* by superoxide anion

Reaction:
cytochrome c (Fe®*) + O,~ — cytochrome ¢ (Fe?*) + O,

O BLCOENEDLD
The color of cytochrome ¢ changes

550nmORIVERZRH5ZE T, &
TN OLCOBRBZHRHARNLZ &
MTZES

Measuring absorbance at 550 nm
reveals changes in reduced
cytochrome ¢

Oxidized Reduced



EEH:ED1 RAIEEAE ~MREARDOEEEES(ROS)ZEIDAIE
Practical Example 1: Absorbance Measurement

Monitoring intracellular reactive oxygen species (ROS) oxidation
Instrument: SH-9000Lab

0.16

0.14
0.12 Condition: PMA stimulation vs. control (DMSO)

reduction

0.1 ns
0.08
0.06
0.04
0.02

0
0 1000 2000 3000 4000

-0.02
T Time (s)

ROSEAZHIE YT D (PMA) 7N
stimulation with PMA, activator for ROS generation 30

--PMA

Abs. 550 nm



KEHl:en2 =OAEE ~MRARAIVDDLEEIDREIE ~
Practical Example 2: Fluorescence Measurement
Monitoring intracellular calcium levels

Fluo3 5uM
Intracellular Calcium change

300

250
r
§200
>
S 150 —~-WT ns
= WT 10uM
2 100 ——WT TuM
< —WT 250nM

50
o Al

0 100 200 300
Time (s)

31
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