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JASCO Corporation was founded in 1958 to

provide the scientific community with optical

spectroscopy products.

In the mid-1950's a group of researchers in the

Institute of Optics of what is now Tsukuba

University needed an Infrared

Spectrophotometer for their research.

Since a commercially available instrument was

not yet existing at the time, they undertook the

challenge to develop their own.

The result was quite a success - a reliable

instrument with excellent optical performance.

As a second result, other research groups asked

them to replicate the instrument for use within

their laboratories.

Company Presentation

“serving the Science and Technology World 

by providing most advanced analytical 

instrumentation”

With the introduction of HPLC in the mid-1970's

JASCO's experience in highly sensitive and accurate

optical systems led to the development of a series

of chromatographic detection systems. Fixed and

variable wavelength UV/Visible and Fluorescence

detectors were introduced featuring excellent

sensitivity and reliability in compact modules. In

order to offer complete HPLC systems JASCO

developed a variety of novel solvent delivery

systems as well as other accessories such as column

ovens, autosamplers, and PC based control and

analysis software.

Today JASCO offers a wide variety of HPLC modules,

accessories and analysis software. The new JASCO

LC-4000 Liquid Chromatography series is designed

to operate at pressures approaching 15,000 psi for

either gradient or isocratic separations, providing

researchers with a powerful tool when using the

new generation of small particle columns. LC-4000

Series includes a versatile series of components

offering unique flexibility to build systems for

routine and specialized applications. LC-4000

features the widest choice of optical HPLC detector:

UV, diode array, fluorescence, chemiluminescence,

CD, chiral and refractive index detector.

Finally JASCO’s modular Supercritical Fluid

Chromatography and Supercritical Fluid Extraction

platforms provide a low-cost, fast, green technology

with reliable and worry-free performance for a wide

variety of applications.

Over the years the JASCO product line has grown

to cover instruments used, not only in research

but also for routine analysis applications in areas

such as quality control, environmental analysis,

and process control. The current spectroscopy

product line encompasses instrumentation for

the following methods:

• UV/Visible and NIR

• Microscope Spectrophotomers 

• FT-IR, microscope FT-IR and FT-Raman

• Dispersive RAMAN

• Polarimeters

• Spectrofluorometers

• Portable Raman

• Portable FT-IR

• Fully Automated Dissolution Tester

JASCO is also the world leader in the field of 

Circular Dichroism Spectropolarimeters and

Vibrational Circular Dichroism Spectrometers. JASCO has a strong global presence, supplying

customers in over 45 different countries.
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JASCO Europe is in charge for marketing, sales,

service and support for all Jasco products

throughout Europe, Middle East and Africa.

JASCO Europe

JASCO Europe S.r.l.
Via Cadorna, 1 - 23894 Cremella (LC)

Tel. +39-0399215811

Fax +39-0399215835

jasco@jasco-europe.com

www.jasco-europe.com

Follow us on:

Make the most of your investment with 

JASCO Service and Support

JASCO Service and Support agreement plans are

designed for those laboratories pursuing

superior productivity through the highest level

of professional services.

The use of automated instrumentation is the

right approach to meet today's laboratories

productivity requirements, reducing analysis run

times, enhancing sample throughput, and

increasing analytical accuracy and precision. In

this view, preventive maintenance is very

important to maximize laboratory uptime and

avoid unexpected expenses.

In addition to the analytical goal, proper

installation and maintenance are required to

achieve optimal performance. JASCO provides

flexible service and support management

solutions focused on your laboratory real

objectives.

With its service network, JASCO is ready to maintain

the perfect reliability of customer's instrumentation

and minimize the laboratory down time.

· Superior productivity

· Optimized analytical performance

· Lower cost of ownership

· Extended instrument life

If your laboratory has specific Service and Support

requirements, JASCO can help you with customized

contract agreements. In addition, a full set of

Installation Qualification (IQ), Operational

Qualification (OQ), and Performance Qualification

(PQ) tests are available to verify the system proper

installation, operation and performance,

respectively.

Get the most from your investment with 

JASCO Training Courses

JASCO Training Courses ensure maximum skill

development for the best value of your laboratory.

Our team of highly-experienced specialists can help

your staff to get the most from your instrument

reducing your analysis run time and improve

performance.

Build your knowledge with JASCO Training Courses:

· Instrument and Software operation

· troubleshooting

· Maintenance

· Calibration

· Applications and Methods developments

· Operating Techniques
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The FT/IR-4000 and FT/IR-6000 models represent a

broad range of instrumentation that redefine

infrared spectroscopy as a powerful yet easy to use

technique in a compact and reliable line of

instruments with the highest signal-to-noise ratio.

All models are controlled by Spectra Manager™ II ,

JASCO’S powerful cross-platform spectroscopy

software package with USB communication.

All models feature an auto-alignment function

which maintains instrument optical alignment after

beamsplitter changes or instrument movement.

IRT-5100 – IRT-5200
FT/IR Microscopes

V-730 – V-730bio – V-750 – V-760 
UV-Vis Spectrophotometers

Spectroscopy Product Portfolio

V-770 – V-780
UV-Vis/NIR Spectrophotometers

With more than fifty years of experience in the

design of spectrophotometers, JASCO offers a

complete range of UV-Vis/NIR instruments.

The V-700 series consists of six distinct models

designed to meet a wide range of application

requirements.

From an innovative optical layout to a simple

comprehensive instrument control and data

analysis software interface, the V-700 series

does not compromise on accuracy, performance

or reliability.

All spectrophotometers are controlled by

Spectra Manager™ II, JASCO’s powerful cross-

platform spectroscopy software package with

USB communication.

FT/IR-4600 – FT/IR-4700
FT/IR Spectrometers

FT/IR-6600 – FT/IR-6700 – FT/IR-6800
FT/IR Spectrometers

IRT-7100 – IRT-7200
FT/IR Microscopes

JASCO is proud to release four innovative FT-IR

Microscope, the IRT-5000 and IRT-7000, providing

several new functions that drastically improve

infrared micro-spectroscopy analysis.

Both microscope systems can be easily interfaced

with either the FT/IR-4000 or FT/IR-6000

spectrometer, offering the most advanced

microscopy and imaging systems available in the

market today.

The microscope system automatically scans the

specified points or area, rapidly collecting a full

spectrum of each point without moving the sample

stage.
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The performance expected on a micro-Raman

spectrometer are fully provided with the JASCO

NRS-5000/7000 series Raman systems, assuring

consistent performance for rapid acquisition of high

quality data with automated system control and

minimal optical adjustments.

For application expansion, an automated multi-

grating turret, 2 internally mounted detectors and a

maximum of 8 lasers ranging from the UV through

the NIR are capable of integration with the

instrument system.

Spectra Manager™ II for the NRS-5000/7000 offers

revolutionary features to simplify previously difficult

measurement and analysis tasks, while adding

various user-support tools such as auto-

fluorescence-correction, wavenumber correction,

intensity correction, and a novel user-advice

function.

MSV-5100 – MSV-5200 – MSV-5300
UV-Vis/NIR Microscopes

NRS-4100 
Laser Raman Spectrometer

Spectroscopy Product Portfolio

The system offers space-saving, automated

switching laser light source and alignment

adjustment to assist the analysis, NRS-4100 is

easily used to quality control as well as research

and development.

The micro-Raman NRS-4100 is equipped with

measurement assist function that can be easily

setup operation and a user advice function that

automatically analyzes the spectrum and obtain

a high-quality data even at the first time.

The automatic XYZ stage is equipped with a

sample search function. Using a newly

developed algorithm (patent pending) the

microscope image, sample search function has

used to set the measurement position

automatically and gives you data from the

location that is automatically registered with the

click of a button measurement.

NRS-5100 – NRS-5200 
Laser Raman Spectrometers

NRS-7100 – NRS-7200
Laser Raman Spectrometers

The MSV-5000 series is a microscopic

spectrophotometer system providing

transmittance/reflectance measurements of a

microscopic sample area with a wide wavelength

range from ultraviolet to near infrared.

MSV-5100 Spectrophotometer is a dedicated UV-Vis

microscope with a wavelength range of (200-900

nm).

MSV-5200 Spectrophotometer includes a Peltier-

cooled PbS detector and has a wavelength range of

(200-2700 nm).

MSV-5300 Spectrophotometer incorporates an

InGaAs detector to obtain optimized NIR

measurements and has a wavelength range of (200-

1600 nm). 5



P-2000
Digital Polarimeter

The P-2000 is designed as a customizable

polarimeter with various options for a range of

applications and budgetary requirements.

Options such as polarizers, wavelength filters, lamps

and photomultiplier detectors provide a wide range

of analytical wavelengths from UV-Vis to NIR.

A newly redesigned intelligent remote module

(iRM) with a color LCD touch screen conveniently

guides the operator through routines from data

acquisition to data processing. The obtained data

can be automatically printed to USB printers, or

saved to a compact flash memory card for further

processing on a PC.

J-1100 – J-1500 – J-1700
Circular Dichroism Spectropolarimeters

Spectroscopy Product Portfolio

The latest effort in the JASCO commitment to

lead the field of Circular Dichroism.

Unparalleled optical performance and optionally

available measurement modes are combined in

a manner to make the J-1000 Series

Spectropolarimeter, a true "chiro-optical

spectroscopy workbench“, able to work up to

2,500 nm.

Instrument control and data processing are

handled effortlessly by our JASCO's user friendly

and innovative cross-platform software, Spectra

Manager™ II.

FVS-6000
Vibrational Circular Dichroism

FP-8200 – FP-8300 – FP-8500 – FP-8600
Spectrofluorometers

Designed with the latest technology, the FP-8000

Series spectrofluorometers incorporate the highest

sensitivity, fastest spectral scanning capability and

excellent analysis-oriented functionality offering

integrated solutions for advanced materials

research and biochemical analysis applications.

To meet the most stringent analysis demands, a

variety of accessories are available for integration

with a range of sophisticated control and analysis

applications available in the user-friendly Spectra

Manager™ II software to offer a flexible platform

for any fluorescence and phosphorescence

application.

The FVS-6000 not only allows you to easily

obtain fingerprint VCD spectra, but also has

several unique features such as a measurement

range extension option of 4000-750 cm-1.

Since the CD signals in the infrared region are

one or more orders of magnitude lower than

ECD signals in the UV-Vis region, high sensitivity

and stability are required for a VCD

spectrometer.

The FVS-6000 is the VCD spectrometer of choice

for highly sensitive VCD measurements.
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VIR-100 – VIR-200 – VIR-300
Portable FT-IR Spectrometers

The VIR-100/200/300 series are compact,

lightweight, flexible FT-IR systems.

The collimated entrance and exit ports make it an

ideal instrument for a wide range of applications.

The standard instrument includes a hermetically

sealed interferometer, DLATGS detector, high

intensity source, KRS-5 windows and automatic

alignment. Options can be added for increased

sensitivity, optional spectral ranges including NIR,

and battery operation.

For even greater flexibility, external connection

optics allows the user to install up to three different

attachments in one system, selecting the most

appropriate application accessory by simply

switching the PC controlled optical configuration.

RMP-510 – RMP-520 – RMP-530
Portable RAMAN Spectrometers 

Spectroscopy Product Portfolio

JASCO’s new RMP-500 Series has been

developed to meet the needs of Material

Science, Manufacturing and Biochemistry by

combining the flexibility of a fiber optic probe

with a portable Raman Microspectrometer.

The RMP-500 Series consists of three models,

RMP-510, RMP-520, RMP-530 ranging from

small, portable units suitable for in-situ

measurements to research-grade systems that

will meet even the most difficult application

requirements.

The RMP-500 Series portable Raman

spectrometer systems feature an integrated fiber

optic probe with a small X-Y-Z stage, a compact

laser, a high-throughput spectrograph and CCD

detector.

JASCO is the first manufacturer to develop a

powerful, cross-platform software package,

“Spectra Manager”, for controlling a wide range of

spectroscopic instrumentation. Spectra Manager

program is a comprehensive package for capturing

and processing data, eliminating the need to learn

multiple software packages and offering the user a

shallower learning curve.

Several types of measurement data files (UV-Vis/NIR, FT-IR, Fluorescence, etc.) can be viewed in a single

window, and processed using a full range of data manipulation functions.

The latest version, Spectra Manager II, includes four measurement programs, a spectra analysis program, an

instrument validation program and the JASCO Canvas program as standard. It is possible to analyze data

even during sample measurements.

Spectra Manager CFR provides features to support laboratories in compliance with 21 CFR Part 11.
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JASCO has the largest range of optical detectors -

from dual wavelenght UV to diode array to unique

chiral detectors. All the detector are designed to

meet U-HPLC requirements, data acquisition rate of

100Hz.

SFC-4000
Supercritical Fluid Chromatography

The JASCO SFC/SFE 4000 integrated Analytical SFC

system has been developed for all aspects of

analytical SFC; including routine separation, method

development and small scale preparation of

samples at the mg scale.

With a simple intuitive software and robust

engineering, the JASCO SFC system is a powerful

tool for analytical separations.

LC-4000
High Performance Liquid Chromatography

Chromatography Product Portfolio

The LC-4000 Series is the latest in a long history

of innovative HPLC systems developed by JASCO

reaching all the way back to the start of

commercial HPLC in the early 1970s.

The concept of the integrated LC-4000 series

HPLC provides key separation platforms at

50MPa, 70MPa and 130MPa which correspond

to conventional HPLC, the increasingly popular

Rapid Analysis Fast HPLC and sub 2um U-HPLC

respectively.

Each platform is supplied with a dedicated pump

and autosampler matched to the operating

pressure and share detectors optimized for high-

speed 100Hz acquisition and the narrow peak

shapes common to both Fast HPLC and U-HPLC.

In the LC-4000 series, SSQD technology (Slow

Suction, Quick Delivery) has been re-developed,

with a completely new solvent delivery

mechanism offering the highest stability in

solvent delivery across the entire analytical flow

rate range used in the PU-4100 Fast HPLC and

PU-4200 U-HPLC pump models.

Both HPLC and SFC/SFE systems are coupled with

ChromNAV 2.0 data system to offer both HPLC and

spectral data handling for most of the detectors

even with the dual wavelength UV detector.

A newly added feature of ChromNAV 2.0 is the

automatic e-mail notification on your

smartphone/tablet, stay always updated on analysis

status of your LC-4000. Full GLP compliance and 21

CFR part 11.
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Application CD-0001

Secondary structural analysis of Lysozyme

using Circular Dichroism Spectropolarimeter 

Introduction

It is well known that secondary structures of proteins

are sensitive to changes of pH value of solution,

temperature of it, and host molecules located about

the proteins. This feature causes the chemical

reaction in the organism, where appropriate

conformations constructed by several secondary

structures.

Therefore, to know weights of secondary structures

of proteins is one of the keys to reveal the

appropriate conformation in the organism.

Concerning to the secondary structural analysis,

helix, b-sheet, turn, and random structures are

important factures, so JASCO has been produced the

secondary structural analysis program package

JWSSE-480, which based on Dr. Yang’s concept

describing CD spectra by using CD reference of such

four structures [1]. Here, we introduce the

application JWSSE-480 and show the several

functions of it.

Measurement and calculation

We employed phosphoric buffer (pH=7.0) as solvent

in order to avoid large absorption bellow 200 nm.

The solution was set under the room temperature.

The CD spectrum of lysozyme was obtained by using

J-810 spectropolarimeter. After the measurement,

we carried out the structural analysis using four

structures, helix, b-sheet, turn, and random

structures, which are installed on JWSSE-480

program package.

Result

Figure 1 and Table 1 show the CD spectrum of

lysozyme and the calculated weights of the

secondary structures, respectively. CDR and CDN,

depicted in Table.1 are the weights of the secondary

structures under the contribution including other

structures and neglecting the effects. The RMS values

are very small in both cases, but CDR is much smaller

than CDN. This small variation cases the similarity

between the calculated and experimental spectra

(Figure 1). And also, the smaller RMS value causes

the good agreement with the X-ray result.

Considering these facts, it is suggested that lysozyme

in pH-7.0 buffer is constructed by mainly helix,

random, and b-sheet, where the weights’ ratio is

9:6:4 and other structures.

Figure 1 Comparison of experience and 

calculated spectrum

Helix §-sheet Turn Random RMS

CDN
)1 59.4 6.6 0. 34.0 5.3

CDR
)2 46.7 22.8 0. 30.5 3.4

X-ray[1] 41.0 16.0 37.0 20.0 -

Table 1 Calculation result of Lysozyme by JWSSE-480 (%)

1) Normalized

2) Re-normalized

[1] Yang et al., Anal. BioChem. 91, 13-31 (1978).
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Experimental

Hen egg-white lysozyme (1mg) was dissolved in 15mL of

deionized water. The thermal denaturation of the

protein was evaluated using a JASCO J-810 CD

spectropolarimeter equipped with a PFD-425S Peltier

temperature controller and an FMO-427 emission

monochromator for detection of fluorescence. The

sample was contained in a 1cm quartz cuvette.

Lysozyme CD and fluorescence spectra were

automatically measured at 5° intervals from 20-95°C

using the Macro Command Program JWMCR-482 with

the protein denaturation package. After the final

measurement at 95°, the sample was cooled back to

20°C and a final set of spectra collected. The totally

automated study was completed in under 1.5 hours.

CD spectra were collected from 275-195nm with a data

pitch of 0.1nm. A band width of 1nm was used with a

detector response time of 4 seconds and scanning speed

of 50nm/min. The fluorescence spectra were collected

from 290 - 400 nm using an excitation of 288nm.

Excitation band width was set at 2nm and emission band

width set to 10nm.

A detector response of 1 sec. was used with a 1nm data

pitch.

Results and Discussion - Circular Dichroism (CD)

Thermal denaturation of the lysozyme resulted in

changes in the CD spectra indicating a coincident

denaturation of both tertiary and secondary structures

with Tm values of 74.8 +/- 0.4 degrees C and 74.3 +/- 0.7

degrees C, respectively. (Lysozyme becomes completely

denatured at 100°C).

Figure 1 illustrates the alteration of the CD spectra that

occurs during thermal denaturation of the lysozyme. As

the temperature increases, the intensity of the CD

spectra decrease and the peak maxima shift to shorter

wavelengths. The peak initially found at 207 nm

gradually shifts to approximately 202 nm with the largest

shift occurring between 75 and 80°C.

Application 01-03

Thermal Denaturation of Hen-egg Lysozyme 

with Concurrent CD and Fluorescence Detection

Protein folding is one of the most important

processes studied because when the linear

polypeptide chains of a protein are converted into a

three-dimensional structure that gives the proteins

with their vital activity. Studies of protein folding are

often plagued with competing aggregation

processes. Denaturation and aggregation of proteins

is also a problem with serious medical implications,

e.g. in human diseases like Alzheimer’s, Parkinson’s,

and monoclonal immunoglobulin amyloidosis.

Furthermore, protein denaturation during

production, shipping, storage, and delivery of

therapeutic proteins is a problem of significant

economic importance. Through the combination of

fluorescence and circular dichroism this

phenomenon can be readily investigated.

Introduction

Studies on the mechanisms of protein folding are

currently focusing on the role of partially folded

states.

A number of biologically and functionally important

proteins have marginal stability in solution, and are

easily denatured in high stress situations (e.g.,

extreme salt concentration, high temperature).

Lysozyme is a common model protein used to

investigate the reversible inactivation of proteins at

high temperature because it is inexpensive, easy to

handle, easy to denature, and has just enough

complexity in the fluorescence spectra to make it

interesting.

Lysozyme, a small globular protein found in chicken

egg white, has 129 amino acids in the primary

sequence and 4 intrachain disulfide bridges between

sulfhydryl containing amino acid residues. It is

composed of a predominantly α-helical part (the α -

domain) and a part with predominantly ß-sheet

structure (the ß-domain). As the name implies, it is

an enzyme (biological catalyst). Its substrate is a

specific sequence in the bacterial cell wall of

Micrococcus, a potential invading organism of eggs.

Lysozyme has 2 tryptophans - 1 solvent exposed Trp

and 1 buried Trp.
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Fluorescence

The dominant fluorophore in most proteins is the amino

acid tryptophan (Trp), which is characterized by the

indole moeity - a planar conjugated bicyclic system.

Tryptophan has an absorbance maximum near 280 nm

and an emission maximum which is very sensitive to the

polarity of the environment. Tryptophan in a

nonpolar environment (free Trp dissolved in an organic

solvent or a Trp buried deep inside a protein) has an

emission maximum near 320 nm while Trp in a polar

environment (free Trp dissolved in aqueous solvent or a

solvent-exposed Trp in a protein) has an emission

maximum near 350 nm.

Frequently in proteins, spectral shifts are observed as a

result of several phenomena, such as binding, protein-

protein association, and denaturation.

The fluorescence of Trp can also be quenched by small

molecules. Ionic species prefer a polar environment and

neutral species can penetrate into the hydrophobic core

of a protein; a neutral and an ionic quencher allow one

to distinguish between buried and exposed tryptophans,

and provide data concerning the proximity of the Trp to

(+) or (-) charged groups.

Application 01-03

Thermal Denaturation of Hen-egg Lysozyme 

with Concurrent CD and Fluorescence Detection

Figure 1 CD spectra demonstrating the thermal

denaturation of lysozyme from 20 to 95°C.

Once the initial melt was complete, the lysozyme was

brought back to 20°C, to verify the folding was

reversible. Figure 2 shows the CD spectrum of the

initial 20°C scan compared with that at 95°C, and at

20°C after the melt. The spectra before and after are

very similar indicating that the protein does refold

once the temperature is reduced however, it does

not completely refold. This inability of the protein to

completely reconstitute may be a result of taking it

so near its point of complete denaturation at 100°C.

Figure 2 The CD of the lysozyme. 

(Green- 20°C initial, Blue-95°C, Red-20°C final)
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Figure 4 illustrates changes in the fluorescence spectrum

that take place before and after the thermal ramp. The

spectra demonstrate that the lysozyme structure almost

completely returns to its initial state. The inability to

completely return may be a result of the temperature

ramp to 95°C, only a few degrees from complete

denaturation at 100°C.

Application 01-03

Thermal Denaturation of Hen-egg Lysozyme 

with Concurrent CD and Fluorescence Detection

Figure 3 shows the change in fluorescence with

respect to temperature increase. Initially, the peak

maxima lie at 338 nm however as the protein

denatures, the fluorescence decreases and the

emission maximum shifts to 347nm. The largest shift

occurs between 75-80°C as it does in the CD spectra.

The ability of the lysozyme to refold was evaluated

by allowing the sample to cool back to 20°C and

collecting a final spectrum.

Figure 3 The fluorescence spectral change as

lysozyme thermally denatures

Figure 4 The fluorescence changes of lysozyme.

(Green- 20°C initial, Blue-95°C, Red-20°C final)
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Approximately 70% of the main chain is folded into eight

major, right-handed alpha helices. The majority of the

rest of the chain forms turns between helices devoid of

symmetry. Four of the helices are terminated with a

proline residue, whose five-membered ring does not fit

within a straight stretch of the alpha helix, thereby

disrupting it. Hydrophobic attractions are the driving

force behind protein folding.

The conformations of the three physiologically pertinent

forms of myoglobin-deoxymyoglobin, oxymyoglobin, and

metmyoglobin (ferrimyoglobin) are very similar except at

the sixth coordination position.

Methods including fluorescence, circular dichroism (CD),

nuclear magnetic resonance (NMR), and electrometric

titrations have been utilized to investigate the

conformations of myoglobin. After loss of the heme,

unfolding occurs in two stages: partial unfolding of the

native apoprotein to a molten globule intermediate and

then complete disruption of all the helical segments.

In the structural model for myoglobin denaturation,

ferrimyoglobin oxidizes and loses heme, yielding

apomyoglobin in the N state. The heme group dissociates

from the protein at very low pH. The N-form observed

under neutral and mildly acidic conditions (pH 4.5 - 7.0)

has ~80% alpha helical content. Likewise, the N-form

observed under neutral and mildly acidic conditions has

~55% alpha helix content. The B, C, and E helices which

make up the heme pocket then unfold to give the molten

globule state in which the A, G, and H helices are still

intact. The last step is the conversion of the intermediate

to the completely unfolded U state. The U-forms have a

small residual alpha helix content and high intrinsic

viscosity under highly acidic conditions (pH <2.0)

indicative of a random-coil conformation. The resistance

of holomyoglobin to denaturation is a function of both

the intrinsic stability of the apoprotein tertiary structure

and the strength of the interactions with the prosthetic

group.

Application 02-03

CD detection of Myoglobin Structure 

during an Automated pH Titration

Circular dichroism spectroscopy (CD) is very sensitive

to the secondary structure of polypeptides and

proteins. Circular dichroism is a form of light

absorption spectroscopy that measures the

difference in absorbance of rightand left-circularly

polarized light (rather than the commonly used

absorbance of isotropic light) by a substance. It has

been shown that CD spectra between 260 and

approximately 180 nm can be analyzed for the

different secondary structure types: alpha helix, beta

sheet, beta turn, random coils, etc. Secondary

structure determination by CD is reported to achieve

accuracies of 0.97 for helices, 0.75 for beta sheet,

0.50 for turns, and 0.89 for other structure types. In

this application CD will be used to follow the

denaturation of myoglobin during an automated pH

titration with acid.

Introduction

A protein can be thought of as a hetero-polymer,

often hundreds of units long, composed of twenty

different amino acids. The sequence of amino acids

dictates the well-defined native 3-D structure, which

often includes helix, sheet, turn, and random coil

regions. Although the backbone of amino acids is

covalently linked, usually non-covalent interactions

are responsible for the folded 3-D structure. In the

native protein, the hydrophobic amino acid residues

are generally sequestered in the interior while the

hydrophilic residues are exposed to the solvent. The

protein can be unfolded (denatured) by heating,

changing the pH, and adding reagents such as

detergents, urea, or guanidine hydrochloride.

Myoglobin is a common model protein used to

investigate the structural changes that can occur

upon pH titration.

Myoglobin is an extremely compact heme protein

(MW ~ 17,800), found primarily in cardiac and red

skeletal muscles, which functions in the storage of

oxygen and facilitates the transport of oxygen to the

mitochondria for oxidative phosphorylation.

Myoglobin is particularly abundant in diving

mammals including the whale, seal, and porpoise

that are able to remain submerged for long periods

due to the storage of oxygen by muscle myoglobin.

Myoglobin consists of a single polypeptide chain of

about 153 amino acids.
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Results and Discussion

The pH Titration

Sulfuric acid was chosen for the titration since the

chloride ions in an acid like HCl interfere with the CD

spectrum. Several concentrations of acid were evaluated

with 0.1M chosen. Concentrations higher than this

caused immediate denaturation upon the first delivery.

As shown in Figure 1, the Spectra Manager software

automatically calculates the concentration of both the

titrant (H2SO4) and the myoglobin after each aliquot.

The software can perform the calculation to maintain a

constant volume in the cuvette. As shown in Figure 2,

the CD of the myoglobin changed as the pH of the

solution decreased. The intensity of the band centered at

193nm began a gradual decrease until 0.5mL of acid had

been added and the pH lowered to approximately 2. At

this point the helices which comprise the heme pocket

have unfolded and lost some of their alpha helical shape.

Figure 3 shows a screen shot of the Crosssectional

analysis program. Using this feature a wavelength can be

selected and the change in the CD signal followed with

increasing concentration of the titrant. Using this feature

one can clearly see that the protein began to dissociate

at an acid concentration of 125ppm and that the

denaturation is finished once the acid concentration

reaches 200ppm. This clearly demonstrates the loss of

the alpha helical structure of the myoglobin.

Application 02-03

CD detection of Myoglobin Structure 

during an Automated pH Titration

Experimental

An 18 μg/mL solution of myoglobin was prepared by

dissolving horse skeletal muscle myoglobin in

deionized water. Chemical denaturation of the

protein was initiated by the addition of 0.1M Sulfuric

Acid using an automated titrator (ATS-429). The

protein unfolding was followed using a JASCO J-810

CD spectropolarimeter. The sample was contained in

a 1cm quartz cuvette using a magnetic stirrer.

Myoglobin CD spectra were automatically measured

at 0.05 mL intervals using Spectra Manager Software.

(Figure 1). The totally automated study was

completed in just under an hour. CD spectra were

collected from 260/180 nm with a data pitch of 0.1

nm. A band width of 1 nm was used with a detector

response time of 4 sec. and scanning speed of

50nm/min. Data was analyzed using Jasco Interval

Scan Analysis.

Figure 1 The titration table automatically calculates

the change in sample and titrant concentration that

will occur with each subsequent titration.

Figure 2 CD spectra demonstrating the spectral

changes that occur with pH titration

Figure 3. Cross section analysis of the spectral

changes that occur at 193nm.
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The majority of illegal amphetamine products are

racemic; consequently, both isomers will appear in the

biological fluids unchanged. In comparison the break-

down products formed by the metabolism of most

pharmaceutical drugs show the appearance of pure

amphetamine enantiomers. A large portion of abused

amphetamines are produced surreptitiously by various

methods. This produces products with different qualities

depending on the type of synthesis as well as on the

chemicals used. The identification of by-products of the

synthesis and the determination of the enantiomeric

composition of the active substance as well as that of the

impurities being present in the preparations, are

important aims of the forensic and pharmacological

analysis. It is also useful for both comparative purposes

and for the evaluation of the production methods. In this

note we will show the applicability of CD to the

determination of enantiomeric composition.

Experimental

The individual isomers of amphetamine and

methamphetamine (1mg/mL in methanol) were

purchased from Altech and used without further

preparation. CD spectra were collected at room

temperature using a Jasco J-810 spectropolarimeter in a

low volume 1cm path length cell. The response time

used was 1sec with a data pitch of 0.1nm and a scan

speed of 100nm/min, giving complete analysis in less

than 2 minutes.

Application CD-01-04

Circular Dichroism Spectrometry 

for the Analysis of Amphetamines

Amphetamines are controlled substances which are

potent stimulants that induce feelings of strength

and energy while decreasing the need to sleep or

eat. The majority of illegal amphetamine products

are racemic; consequently, both isomers will appear

in the biological fluids unchanged. In comparison the

break-down products formed by the metabolism of

most pharmaceutical drugs show the appearance of

pure amphetamine enantiomers. Circular dichroism

is a form of light absorption spectroscopy that

measures the difference in absorbance of right- and

left-circularly polarized light (rather than the

commonly used absorbance of isotropic light) by a

substance.

Since different enantiomers absorb different

portions of the light, it provides and excellent means

for enantiomer detection. In this application CD will

be used to study the isomers of amphetamine and

methamphetamine.

Introduction

Amphetamines are synthetic drugs that stimulate the

central nervous system. They are structurally similar

to ephedrine, a natural stimulant found in plants and

to the hormone adrenaline. They are available legally

by prescription and were once widely prescribed as a

cure all for everything from asthma to epilepsy.

Today, medical use of amphetamines is limited to

treating minimal brain dysfunction (MBD) in children

and narcolepsy, a rare disorder in which an individual

suddenly falls into an uncontrollable deep sleep.

Amphetamines are a popular "street" drug. Legally

produced amphetamines are sold illegally on the

black market with variations in quality and quantity.

Enterprising chemists have also developed a

"lookalike" amphetamine manufactured to look like

real amphetamines and mimic their effects. These

are commonly referred to as "speed" or "uppers".

These drugs contain varying amounts of less potent

stimulants such as caffeine, ephedrine and

phenylpropanolamine-all legal substances that are

usually found in over-the-counter diet pills and

decongestants.

Figure 1 CD spectra of D-amphetamine (blue) and 

Dmethamphetamine (red).
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The most important use for CD is chiral detection and

determination, and in the case methamphetamine is

very useful for identification of the enantiomers. (Figure

3) Another important feature of the data is the HT[V]

which is easily converted via software into absorbance

units. Thus UV data is collected for every sample at the

same time.

Since legal amphetamines are detected as pure

enantiomers and street versions racemic, CD is a quick

method for determining prescription from illegal

versions. CD is also an effective method for determining

which enantiomer is used in the drug as an aid to

identification.

Conclusions

CD spectrometry is a fast effective method for the

determination of the chiral structures in amphetamines

and many other compounds of interest. In addition CD is

useful for protein secondary and tertiary structure,

ligand binding, carbohydrate interaction and much,

much, more.

The simultaneous collection of both the CD and UV in

one measurement will increase the speed and efficiency

of all chiral determinations.

Application CD-01-04

Circular Dichroism Spectrometry 

for the Analysis of Amphetamines

Results and Discussion

Evaluation of the CD spectra of methamphetamine

and amphetamine show very few differences. This is

due to the fact that meth-amphetamine is composed

of an amphetamine molecule with an additional

methyl group attached to its nitrogen (amine group).

Figures 1-2 show the scans of the isomers of

amphetamine and meth-amphetamine.

Figure 2 CD spectra of L-amphetamine (blue) and 

Lmethamphetamine (red).

Figure 3 CD spectra of L-methamphetamine (red) and

D-methamphetamine (blue)
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NAG (225mM) with 0.05ml increment was titrated slowly

by utilizing the ATS-429 Automatic Titration System.

Furthermore, measurement was implemented by using

10mm cells, maintaining a temperature at 20°C through

the Peltier type constant temperature cell holder.

Measurement Result

The CD spectra of lysozyme, lysozyme+NAG, and NAG

are shown in Figure 1. The CD peaks of lysozyme in water

solution were positive at 293.5 nm, 289 nm and 283.2

nm. By adding NAG, an increase of CD intensity in the

region of 300-270 nm was observed, while in this

wavelength region, the CD due to NAG was scarcely

observed.

Application CD-0002

Circular Dichroism Spectrometry 

Lysozyme N-acetyl Glucosamine Interaction

The change in the protein’s CD spectrum reflects

precisely the change in protein structure. The

absorption derived from peptide bonds is seen in a

shorter wavelength region than 240 nm. Therefore,

by measuring the CD spectra in such wavelength

region, the information regarding secondary

structure of proteins can be acquired. On the other

hand, absorption due to side chains such as aromatic

amino acids exists in the region of 210-220 nm, while

there are absorption bands in the longer-wavelength

regions (which does not overlap with the absorption

band of peptide bonds) than 240 nm as well. For this

reason, in order to study side chains, a CD spectrum

in the longer-wavelength region than 240 nm, which

does not overlap the absorption of peptide bonds, is

usually measured. In this application, as an example,

the interactions between lysozyme and its inhibitor,

N-acetyl-(D+)- glucosamine (NAG), were measured

by using the Circular Dichroism spectrometer.

Measurement Conditions

While performing titration of NAG into Lysozyme

water solution (0.07 mM), CD spectra in the region of

260-320 nm were obtained.

ATS-429 Automatic Titrator

Number of syringe: 2 sets

Syringe volume: 2.5 ml

Figure 1 CD Spectra of Lysozyme, Lysozyme+NAG, NAG
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According to the result by the X-ray analysis, it is evident

that in the substrate bond region of lysozyme there

exists triptophan residue. From this, it can be

interpretted that the increase in CD intensity is due to

the interaction of triptophan residue and NAG.

By conducting such CD measurements, the change in

condition of the side chain of enzyme molecules during

interactions between an enzyme and substrate can be

recognized, and when the substrate bond region is

known, the type of CD-related side chain can be

estimated.

Application CD-0002

Circular Dichroism Spectrometry 

Lysozyme N-acetyl Glucosamine Interaction

In Figure 2, the change of CD spectra using NAG

titration is shown using a bird’s-eye view; in Figure 3,

the change of CD intensity at 293.5nm is shown.

Figure 2 Change in CD Spectra using NAG Titration Figure 3 Change in CD value at 293.5nm by NAG Titration
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Application CD-0006

Circular Dichroism Spectrometry 

Introduction of Temperature/Wavelength Scan Program

Introduction

CD spectrum and fluorescence spectrum are used in

a complementary manner in the structural analysis of

the proteins. The thermodynamic parameters of the

protein obtained by the measurement with variable

temperature provide the important knowledge for

the thermal stability of the protein.

The Temperature/Wavelength Scan program for

JASCO CD spectrometers allows to obtain the data of

CD with the temperature change for the protein and

DNA required to calculate the denaturation

temperature (Tm), enthalpy change (DH), and

entropy change (DS). In addition such program also

enables temperature interval measurements of CD

and fluorescence spectra.

The obtained data can be processed on the

[Spectrum Analysis] and [Interval Analysis] program,

which also enables to show the 3D representation.

The secondary structure analysis and the calculation

of thermodynamic parameters of the protein can be

implemented by using optional [Thermal

Denaturation Analysis] and [Protein SSE] program.

This report introduces the measurement of Lysozyme

(0.03 mg/mL) using Temperature/Wavelength Scan

program as an example.

Experimental

• J-815 CD Spectrometer

• CDF-426 Water-cooled Peltier thermostatted 

CD/Fluorescence measurement accessory

• FMO-427 Emission monochromator

Figure 1 Thermal denaturation curve

Figure 2 CD Spectra with temperature interval

Figure 3 Fluorescence spectra 

with temperature interval

Figure 4 Fluorescence intensity ratio 

of 357/338 nm
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Application CD-0007

One-drop CD spectra measurement

using Micro Sampling Disc

Introduction

CD spectroscopy is one of indispensable measurement

method for protein structure analysis as same as NMR or

X-ray crystallography. And small volume or low

concentration sample measurement is common request in

this market recently. Jasco has developed new technology

and application to meet such small volume or low-

concentration sample measurement condition finally. In

this note, we like to show several measurement results by

One-drop CD spectra measurements in using of Micro

sampling disk (MSD).

Figure 1 MSD components

1. Add the sample to 

the MSD

2. Clamp the MSD

3. Place the MSD 

in the sample chamber

Figure 2

How to use the MSD

Advantages

1. One-drop CD measurement 10 μL (1 mm path length), 2

μL (0.2 mm path length)

2. Easy handling - Hydrophobic treatment keeps samples

centered

3. Variable path length - Spacers are attached for 1 or 0.2

mm path length

4. Artifact free - Windows allow for artifact-free

measurements

5. Alignment free - JASCO CD spectrometers use a parallel

light beam

6. Highly reproducible baseline

Results

The following are comparisons between the MSD (blue) and a

conventional cell (green). CD spectra that show secondary

structures (between 260 nm and 190 nm) can be measured

completely in less than 3 minutes using the MSD.

Measurement parameters

Path length: 1 mm 

Sample concentration: 0.1 mg/mL

Bandwidth: 1 nm 

Data interval: 0.1 nm

Scan speed: 100 nm/min 

Response: 2 sec

No of scans: 4 times (MSD), 1 time (Conventional cell)

Measurement time: 2.8 min (MSD), 42sec (Conventional 

cell)

Figure 3 Hemoglobin

Figure 4 Lysozyme

Figure 5 Concanavalin A

Figure 6 Trypsin Inhibitor
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Secondary Structure Estimation

In Table 1, the results of secondary structure estimation

of eight proteins conducted using the PLS method on CD

spectra are compared with the results of X-ray

crystallography.

Application CD-0008

Circular Dichroism Spectrometry 

Secondary structure estimation (SSE) program of multiple samples

Introduction

The multivariate SSE program can be used to analyze

sets of CD data. A large number of samples can be

automatically measured and efficiently analyzed

using the high-throughput circular dichroism (HDX)

system and multivariate SSE program.

Sequence

Optical constants are automatically calculated in the

multivariate SSE program after imputing parameters

as the path length and mean residue molar

concentration.

Figure 1 Specifying path length and mean residue molar 

concentration

CD Spectra Measurement
• Path length: 1 mm 

• Concentration: 0.2 mg/ml 

• Temperature: 20°C

• Wavelength: 260-185 nm 

• Scan speed: 100 nm/min 

• Response: 2 sec

• Data interval: 0.1 nm 

• Bandwidth: 1 nm 

• Accumulation: 2

• Measurement time: 90 sec. per sample

Figure 2 CD spectra of eight proteins

Sample name Helix (%) Sheet (%) Turn (%) Other (%) Reference

Lysozyme PLS 42.8 0.4 24.4 32.4

X-ray 41 4 19 35 1

Cytochrome C PLS 42.6 3.1 18.1 36.2

X-ray 42 8 9 42 1

Concanavalin A PLS 5.1 44.6 13.9 36.4

X-ray 2 36 12 49 1

β-Lactoglobulin PLS 17.8 35.5 12.3 34.4

X-ray 13 34 13 41 1

Trypsin Inhibitor PLS 13.9 25.3 17.3 43.5

X-ray 2 33 10 55 2

Ribonuclease A PLS 21.5 14.7 22.4 41.4

X-ray 22 19 11 48 1

Human Serum

Albumin

PLS 66.8 1.3 8.2 23.7

X-ray 72 0 8 20 2

Hemoglobin PLS 61.1 0 18 20.9

X-ray 75 0 10 15 1

Table 1 Comparison with X-ray crystallography

Figure 3 Results using multivariate SSE program

References

(1) W. Curtis Johnson, PROTEINS: Structure, Function, and Genetics, 35, 307-

312, (1999)

(2) PROTEIN DATA BANK: Trypsin inhibitor: 1ba7 (DSSP), HAS: 1bm0 (DSSP)
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CD Spectra Measurement

• Sample volume:10 μL(MSD), 400 μL (Conventional cell) 

Path length: 1 mm,

• Bandwidth: 1 nm 

• Data Interval: 0.1 nm 

• Scan speed: 200 nm/min

• Response: 2 sec 

• Accumulation: 9 times (MSD), 1 time (Conventional cell)

Application CD-0009

One-drop CD spectra measurement of organic compounds and 

metal-complexes - using Micro sampling disk

Introduction

CD spectra measurement can be used for spectra

measurement of organic compounds and metal-

complexes.

In this note, we show several CD spectra data

concerning organic compounds having an absorption

in the UV region and metal-complexes having an

absorption in the UV/Vis region.

CD Spectra Measurement

• Sample volume:10 Μl (MSD), 400 μL (Conventional 

cell) 

• Path length: 1 mm,

• Bandwidth: 1 nm 

• Data Interval: 0.1 nm 

• Scan speed: 100 nm/min

• Response: 2 sec 

• Accumulation: 4 times (MSD), 1 time (Conventional 

cell)

Figure 1

(1S)-(+)-10-Camphorsulfonic acid, ammonium salt

Figure 2 D-Pantolactone

Figure 3 2(+)D-[Coen3]Cl3NaCl-6H2O

Figure 4 (0.24M) NiSO4+(0.36M) Rochelle salt
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Results

Maximum 192 samples can be analyzed automatically

without human operation according to the preset

sequence including the steps from measurement to

results saving.

Utilizing JFLC-499 CD/emission flow cell enables to

measure not only CD/Abs. spectra but also excitation and

emission spectra. The results of automatic measurement

of CD/Abs./excitation spectra of 4 kinds of proteins are

shown as below. High speed measurement such as 3

minutes for each sample (1 scan 45 seconds x 4 times

accumulation) was achieved and quite high quality

CD/Abs./excitation spectra were obtained.

Application CD-0010

CD Spectrum measurement 

using High-Throughput Circular Dichroism (HTCD) system

Automatic measurement systems of multiple

samples have been drawing attention among

pharmaceutical market. Since CD spectroscopy is

useful to obtain the structural information of protein

and peptide rather easily, it could be utilized in the

optimal system for screening of multiple samples,

which is related to drug discovery handling lead

compounds and seed compounds.

In this paper, automatic CD spectrum measurement

of multiple proteins using HTCD system is introduced.

The dedicated software which supports this sampling 

system and automatic measurement could be an 

effective tool for this automation.

Setting of sequence

Since the operation of sampling sequence and data

acquisition is defined in advance, CD measurement is

automatically carried out and the results are

automatically saved as a series of data set. The

optimal measurement condition can be pre-

determined depending on the sample.

Figure 1 HTCD system

Sequence

1. Loading of measurement condition

2. Baseline correction

3. Sample measurement (cytochrome c)

4. Washing

5. Sample measurement (lysozyme)

6. Washing

7. Sample measurement (human serum albumin)

8. Washing

9. Sample measurement (hemoglobin)

10. Washing

Figure 2 Display of sequence setting

Figure 3 Spectra of cytochrome c
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System configuration

• J-815 CD Spectrometer

• ASU-800 Autosampler

• ASP-849 Syringe pump

• JFLC-499 Peltier type flow cell for CD/Emission

• FMO-427 Emission monochromator

Measurement condition

• Light pathlength: 1 mm

• Sample: cytochrome c, lysozyme, human serum

albumin, hemoglobin

• Sample concentration: 0.1 mg/mL water solution

• Wavelength range: 260 – 185 nm

• Scan speed: 100 nm/min

• Response: 2 sec.

• Data acquisition interval: 0.1 nm

• Band width: 1 nm

• Accumulation: 4

• Photometric mode: CD, Abs, excitation spectrum

• Emission wavelength: 350 nm, (sensitivity 850 V)

• Temperature: Room temperature

Application CD-0010

CD Spectrum measurement 

using High-Throughput Circular Dichroism (HTCD) system

Figure 4 Spectra of lysozyme

Figure 5 Spectra of human serum albumin

Figure 6 Spectra of hemoglobin
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Application CD-0011

Multivariate SSE Program

Introduction

Proteins, biological polymers composed of amino

acids, have primary structures indicating the

sequence of amino acids and higher three-

dimensional order structures as well. The structure

of proteins defines their biological functionality and

CD spectroscopy is commonly used in the study of

proteins and oligopeptide applications. Using

secondary structure estimation (SSE) software, the

helix, sheet and random coil contents of unknown

proteins can be quantitatively estimated from CD

spectra.

SSE software has been applied mainly in academic or

research studies of protein structure.

JASCO now offers the new SSE Program based on the

PLS/PCR method of multivariate analysis, to cope

with expanding usage of protein studies across a

wide range of fields, such as biopharmaceutical.

Features

1. Versatile PLS and PCR multivariate analysis applied to 

SSE 

• Enhanced accuracy and robustness

• Easy validation of calibration models

• F test certification

• GLP/GMP compliant

2. Operational flexibility

• Selectable reference sets

• Editable secondary structure fractions

3. Reference CD Spectra of 26 proteins (260 – 176 nm) 

provided as standard.

Figure 1 Cross Validation of Multivariate SSE Program
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Application CD-0012

Advanced application of CD measurement for pharmaceutical research 
Analyzing the interaction of human serum albumin and 3,5-diiodosalicylic acid

Introduction

Human serum albumin (HSA) is the most abundant

protein in blood plasma. HSA binds with

pharmaceutical compounds and other in vivo

substances, and plays an important role in the

transport of these substances to target organs.

Several studies have reported on the binding affinity

of HSA and its interaction with various compounds

1)-3). Herein, the measurement of CD induced by the

interaction of HSA titrated with 3,5-diiodosalicylic

acid and subsequent analysis of the dissociation

constant is presented.

Measurement conditions

• Sample: HSA, 0.0228 mM, 100 mM acetate buffer

(pH 6.3), 2 mL

• Titration: 3,5-diiodosalicylic acid, (0.25 mM), 50

mL, 20 times

• Measurement range:360 to 260 nm

Measurement system

• J-815 CD Spectrometer

• PTC-423 Peltier thermostatted cell holder

• ATS-429 Automatic titrator

Results

Chirality resulting from an achiral substance

interacting with a chiral substance is called induced

CD. Though, 3,5-diiodosalicylic acid is achiral, it

exhibits chirality through interaction with HSA. The

resulting CD spectra show a positive peak around

320 nm. (Figure 1)

Figure 1 3D-CD spectra of HSA titrated with 

3,5-diiodosalicylic acid

Figure 2 2D-CD spectra of HSA titrated with 3,5-

diiodosalicylic acid - The arrow represents 

increasing volume of 3,5-diiodosalicylic acid

A plot of the increase of the induced CD signal (at 320

nm) versus the increase in 3,5-diiodosalicylic acid (Figure

3) and the Hill plot (Figure 4) are shown below.

Figure 3 Increase of induced CD (320 nm)

Figure 4 Hill plot

The estimated dissociation constant (Kd), which is the 

concentration at which 50% of the 3,5-diiodosalicylic 

acid is bound with HSA is 0.023 mM. The Hill coefficient 

is approximately 3.1, indicating a positive cooperative 

reaction.

References

(1) R. Brodersen, J. Biol. Chem. (1977) 252, 14, 5067-5072

(2) Ulrich KRAGH-HANSEN, Biochem. J. (1983) 209, 135-142

(3) S. S. Sinha, R. K. Mitra and S. K. Pal, J. Phys. Chem. B. (2008) 112, 4884-4891

HSA does not show a CD signal around 320 nm, but

the induced CD from the interaction of HSA and 3,5-

diiodosalicylic acid increases with additional titration

of 3,5-diiodosalicylic acid. (Figure 2)
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Fluorescence anisotropy spectrum of α-lactalbumin

Fluorescence anisotropy spectra of native-state a-

lactalbumin in H2O and unfolded a-lactalbumin in 3.4 M

GuHCl are shown in Figure 1. These two spectra show a

peak maximum at 267 nm and two peak minima at 283

nm and 291 nm originating from the tryptophan

residue2). Denaturation of α-lactalbumin clearly results in

a decrease in fluorescence anisotropy originating from

the tryptophan residue.

Application CD-0013

Circular Dichroism Spectrometry 
Change of fluorescence anisotropy spectrum of α-lactalbumin by denaturation

Introduction

CD spectrum measurement is one of the leading

techniques in protein structure analyses, while

fluorescence spectra and fluorescence anisotropy

spectra can give complementary information to CD

spectra. CD spectra provide information about the

secondary structure of proteins, while fluorescence

spectra and fluorescence anisotropy spectra provide

information about the local environment of the

fluorophore, such as the tryptophan residue. In

particular fluorescence anisotropy spectra provide

information about rotational movement which

cannot be obtained by fluorescence spectra alone.

JASCO J-815 CD spectrometer enables measurement

of CD spectra, absorption spectra, Ex/Em spectra and

fluorescence anisotropy spectra, thereby, allowing

not only secondary structure estimation but also the

analysis of protein-ligand binding and rotational

movement of protein.

Here, the change of fluorescence anisotropy

spectrum of α-lactalbumin by denaturation1) using J-

815 is explained.

System

• J-815 CD spectrometer

• LD-403 LD attachment

• CDF-426 CD/Fluorescence Measurement unit

(Peltier type) with Polarizer (optional)

Samples

0.02 mg/mL α-lactalbumin, 0.1 mM EDTA in H2O

0.02 mg/mL α-lactalbumin, 0.1 mM EDTA in 3.4 M

GuHCl

Parameters

• Measurement range: 310 to 245 nm

• Scan speed: 100 nm/min

• Response: 2 sec

• Data interval: 0.1 nm

• Ex Bandwidth: 7 nm

• Cutoff filter: UV34

Figure 1 Change of fluorescence anisotropy spectrum of 

α-lactalbumin by denaturation

References
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• Available cells: Rectangular cells (1, 2, 5 and 10 mm)

• Temp. Control Region: RT to 170ºC

• Accuracy: +/- 0.5ºC

• Method: PID control, 100 W heater

• Manual control (TC-700)

• PC control (TC-700PC)

• Temp. Sensor: Platinum temperature sensor

CD spectra measurement

Measuring conditions

• Conc.: 0.01 mg/mL 

• Pressure: 0.8 MPa 

• Temp.: 45, 80, 100 and 120ºC

• Response: 2 sec 

• Sensitivity: Standard 

• Wavelength: 260-195 nm

• Data interval: 0.1 nm 

• Scan speed: 100 nm/min 

• Cell pathlength: 10 mm

• Bandwidth: 1 nm

• 1.2 mg/mL super thermostable cellulase in 20 mM

Tris-HCl buffer (pH 8.0) was diluted with distilled 

water and measured.

Results

The CD spectra of super thermostable cellulase

measured at 45, 80, 100 and 120ºC are shown in Figure

1.

The thermal denaturation is observed at temperature of

only over 100ºC.

Application CD-0014

Circular Dichroism Spectrometry

Thermal denaturation analysis of super thermostable cellulase

Introduction

The thermodynamic properties and secondary

structures of proteins reveal important information

on their functions. Differential scanning calorimetry

(DSC) and CD spectroscopy are usually used to

measure the thermal denaturation of proteins. CD

spectroscopy has advantages such that CD spectra

can be measured using lower concentrations of

proteins than DSC and can also be measured at

various pHs and in a wider range of solvent

conditions. However, CD spectra cannot be

measured at the temperature above 100ºC because

the boiling point of water is 100ºC.

JASCO has developed the TC-700/700PC type, high

pressure-resistant/high temperature measurement

sample chamber for high temperature

measurements above 100ºC. TC-700 enables

measurement of CD spectra at temperatures up to

170ºC by pressurizing the sample solution to 1 MPa

using commercially available high-pressure N2 gas.

Using TC-700, the thermal denaturation of super

thermostable proteins, such as those originating

from thermophiles, can be measured.

Herein, thermal denaturation analysis of super

thermostable cellulase using TC-700PC is explained.

Super thermostable cellulase maintains its activity at

temperatures up to 90ºC. Research on enzymes,

such as super thermostable cellulase, may lead to the

development of methods for the production of

bioethanol from agricultural waste rather than from

important crops, such as corn or sugarcane.

TC-700 Sample chamber

Temperature Controller
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Reference

(1) S. Uchiyama, A. Ohshima, S. Nakamura, J. Hasegawa, 

N. Terui, S. J. Takayama, Y. Yamamoto, Y. Sambongi, and 

Y. Kobayashi, J. Am. Chem. Soc. 2004, 126, 14684-14685.

Application CD-0014

Circular Dichroism Spectrometry

Thermal denaturation analysis of super thermostable cellulase

CD spectra measurement

Measuring conditions

• Conc.: 0.025 mg/mL

• Pressure: 0.8 MPa

• Temp. range: 80-120ºC

• Temp. interval: 0.1ºC

• Temp. slope: 1ºC/min

• Bandwidth: 1 nm

• Cell pathlength: 10 mm

• Wavelength: 220 nm

Results

The thermal denaturation of super thermostable

cellulase was monitored at 220 nm. The result of the

analysis using the [Denaturation Analysis] program is

shown in Figure 2. There is a sharp decrease in the

CD value at temperatures over 100ºC. The melting

temperature (Tm) of super thermostable cellulase is

shown to be 106.3ºC.

Figure 1 CD spectra of super thermostable cellulase

Red line: 45ºC, Blue line: 80ºC, Yellow line: 100ºC, 

Green line: 120ºC

Figure 2 Thermal denaturation analysis results of super 

thermostable cellulase
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Measurement Results

Stopped Flow Measurement

Concanavalin A (0.2 mg/ml, in pH2 hydrochloric acid)

was mixed with TFE with a ratio of 1:1 and its Unfolding

process was measured using the Stopped Flow method.

The CD value at 220 nm showed an increase in negative

side, and change from abundant ﾟ-sheet structure to

abundant a-helix structure was observed. By analyzing

the reaction as a two-step reaction (A →B → C model)

through the use of the Reaction Speed Calculation

Program, unsurpassed fitting of the spectra was obtained

(Figure 2).

Application 100308-007

Unfolding process of Concanavalin A under TFE

using Circular Dichroism and Stopped Flow accessory

The Stopped Flow method is used to analyze

reactions occurred during the duration of several

milliseconds and several seconds meanwhile the CD

measurement provides valuable information

regarding the protein’s secondary structures and

environment of aromatic amino acids. Therefore, CD

measurement with Stopped-flow method provides

one of the best techniques in analyzing the protein’s

Unfolding and Refolding process.

Concanavalin A (derived from Jack bean) in natural

state has abundant ﾟ-sheet structures, however, it is

known that its structure changes into the one with

rich α-helix under trifluoroethanol (TFE) and its

Unfolding process has been reported also.

In this application, the model SFS-492 High-Speed

Stopped-flow System was used to measure the

Unfolding process of Concanavalin A under TFE.

CD Spectra of Concanavalin A

The Concanavalin A’s in pH2 hydrochloric acid gives a

CD spectrum specific to ﾟ-sheet structure. In

contrast, in a solution with 50% of TFE added it has a

CD spectrum specific to a-helix structures. As seen in

Figure 1, a big change from abundant β-sheet

structure to abundant a-helix structure can be

identified.

Figure 1 CD Spectrum of Concanavalin A

Green: CD spectrum of Concanavalin A 

in pH2 hydrochloric acid

Blue: CD spectrum of Concanavalin A 

in solution with 50% TFE

(Both are Concanavalin A - 0.1 mg/ml

cell path length 1 mm)

Figure 2 Unfolding process of Concanavalin A in TFE 

and analysis result

Measurement Conditions

• Syringe 1: 0.2 mg/ml, Concanavalin A, in hydrochloric

acid (pH2)

• Syringe 2: TFE

• Mixing ratio: 100 μl:100 μl

• Total flow rate: 10 ml/sec

• Cell path length: 2 mm

• Wavelength for measurement:220 nm

• Data pitch: 2 msec

• Band width: 1 nm

• Accumulation: 4 times

Result of Analysis

• Reaction speed equation: 

Y(t)=20.5925*exp(-t/0.189295)+ 4.73648*exp(-t/0.903939)

• Step 1 time constant: 0.189295[s]

• Step 1 speed constant (k1): 5.28275[s-1]

• Step 2 time constant: 0.903939[s]

• Step2 speed constant (k2): 1.10627[s-1]

Reference

(1) Qi Xu and Timothy A. Keiderling, (2005) Biochemistry, p.44, 7976-

7987
32



Results

The change in the CD value at 222 nm reflects fast

refolding of the secondary structure within 200 msec

(Figure 1), but the change at 289 nm reflecting the

environment of the aromatic side chain was slower

(Figure 2). This slower change appears in the latter step

of the refolding process. These results indicate the brief

existence of an intermediate state with a refolded

secondary structure but with aromatic side chains

remained unfolded.

Application CD-0015

Circular Dichroism Spectrometry

Refolding of Cytochrome c

Introduction

CD spectra provide information on the secondary

structure of proteins and the environment of

aromatic side chains. Therefore, CD measurement

using a stopped-flow system is considered as one of

the best methods for analyzing the unfolding and

refolding of proteins.

The existence of an intermediate between

denaturated state and natural state during the

refolding of proteins has been reported. The CD

stopped-flow method is used for examining this

refolding process. In this report the refolding process

of cytochrome c (cyt c) measured using a SFS-492

stopped-flow system will be explained.

Sample Preparation

Aqueous solution of Cytochrome c denaturated by

guanidine hydrochloride (GuHCl) was diluted with 0.1

M acetic acid buffer solution (1:9). The refolding

process was observed at 222 nm for the secondary

structure and at 289 nm for the environment of the

aromatic side chain.

Measurement conditions

• Measurement system: J-815 + SFS-492 stopped-

flow system

• Optical pathlength: 2 mm

• Temperature: Room temperature

• Flow rate: 1.5 mL/sec

Each sample was prepared at an optimal

concentration because CD intensities at 222 nm for

the secondary structure and at 289 nm for aromatic

side chains are quite different.

Wavelength 222 nm 289 nm

Data interval 5 msec 10 msec

Response 4 msec 8 msec

Bandwidth 4 nm 2 nm

Syringe 1 2 mg/mL cyt c /4.3 M GuHCl 10 mg/mL cyt c /4.3 M GuHCl

Loading volume 30 uL 30 uL

Syringe 2 0.1 M acetic acid buffer 

solution (pH 6.3)

0.1 M acetic acid buffer 

solution (pH 6.3)

Loading Volume 270 uL 270 uL

Accumulation 36 times 24 times

Figure 1 Refolding measurement 

of cytochrome c (222 nm)

Figure 2  Refolding measurement 

of cytochrome c (289 nm)

References

(1) Gülnur A. Elöve, Alain F. Chaffotte, Heinrich Roder, 

and Michel E. Goldberg, (1992) Biochemistry, 31, 6876.

(2) Alain F. Chaffotte, Yvonne Guillou, and Michel E. 

Goldberg, (1992) Biochemistry, 31, 9694.
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Measurement Condition
• Syringe 1: 0.24M Nickel Sulfate Solution

• Syringe 2: 0.36M Rochelle Salt Solution

• Mixture ratio : 100 ul : 100 ul

• Total flow rate : 5 ml/sec

• Cell length : 2 mm

• Measurement range : 720 nm (SBW5 nm, Data acquisition 

75 times)

• 1000 nm (SBW10nm, Data acquisition 50 times)

• Data pitch: 1 msec

• Response: 2 msec

Application 101209-010

Measurement of complex forming reaction 

of Nickel Sulfate and Rochelle salt

Stopped –flow CD measurement technique is well

known method to analyze unfolding and refolding

process of Protein and also observe complex forming

reaction. Because Transition metal complex have

typically absorbance in region from Visible to N-IR

range. We introduce this measurement about

complex forming reaction of Nickel Sulfate and

Rochelle Salt in using of high speed stopped flow

systems consists of J-820 and SFS-492.

CD spectra of mix solution including Nickel Sulfate

and Rochelle Sault

Figure 1 shows that CD spectrum of the mixed

solution sample which consists of 0.24M Nickel

Sulfate solution and 0.36M Rochelle Salt solution as

1:1 mixture ratio. It can show CD signal in broad

range from UV/Vis to N-IR.

Figure 1 CD spectra of mix solution including 

Nickel Sulfate and Rochelle Salt

Cell path :10 mm Instrument range: 

250-900 nm (J-820) 900-1350 nm (J-730)

Stopped- Flow measurement

The complex forming process about the above

sample is measured with CD stopped flow system.

Following Figure 2 shows the CD spectra in NIR-

region 720nm and Figure 3 shows the one in N-IR

region 1000 nm. It shows in Figure4 that complex

forming reaction is finished within 100msec and

shapes of both data in 720nm, 1000nm is match

after data normalization, which mean both data in

720nm and 1000nm indicates same reaction process.

Reference
(1) Hiroyuki Miyake, Hideki Sugimoto, Hitoshi Tamiaki and 

Hiroshi Tsukube, (2005) Chem. Commun., 4291-4293

(2) Hiroyuki Miyake, Hiroshi Kamon, Ikuko Miyahara, Hideki

Sugimoto, and Hiroshi Tsukube, (2008) J. Am. Chem. Soc., 130, 

792-793

Figure 3 Complex forming reaction 

of Nickel Sulfate and Rochelle salt in 1000 nm.

Figure 4 Stopped flow data comparison 

between 720 nm (Blue) and 1000 nm (Green)
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Application CD-0017

CD spectral measurement of protein water solution in vacuum UV region 

by J-1500 CD spectrometer

Introduction

CD spectroscopy is an essential tool for structural analysis

of proteins. CD spectra reflecting the secondary structure

of protein are usually observed from UV region below 260

nm to the vacuum ultraviolet region, however, the water

itself used as a solvent has strong absorption in the

vacuum UV region. In case of light water (H2O), its

absorption becomes drastically higher at around 175 nm

and even the absorption of heavy water (D2O), at around

170 nm. Therefore, in order to obtain the highly accurate

SSE results, the measurement keeping high signal to noise

ratio (S/N) down to such wavelength limit for water is

required. The JASCO’s new J-1500 CD spectrometer allows

the researchers to carry out the measurement with high

S/N ratio in the vacuum UV region, by incorporating the

several latest technologies such as digital lock-in detection

in electrical system, high-throughput optics and highly

effective nitrogen gas purging system based on

computational fluid simulation. In this application note,

the CD measurement of protein water solution (light

water: H2O) down to the vacuum UV region was

performed in order to carry out the SSE, by using of the J-

1500 CD spectrometer and multivariate SSE program

(Model JWMVS-529).

Measurement Conditions

• Apparatus: J-1500 CD spectrometer

• Data acquisition interval: 0.1 nm

• Response: 2 sec 

• Spectral bandwidth (SBW): 1 nm

• Scan speed: 50 nm/min 

• Accumulation: 4

• Sample concentration: 1 mg/mL (H2O) Cell pathlength: 

0.1 mm (cylindrical quartz cell)

Results

CD spectra of human serum albumin (Helix rich),

concanavalin A (β-sheet rich) and trypsin inhibitor

(Random rich) in light water solution (H2O) are shown in

Fig. 1. CD spectrum reflecting each specific secondary

structure was obtained for each protein down to 174 nm

with high S/N ratio.

Figure 1 CD spectra of protein water solution in 

vacuum UV region

Secondary structure estimation (SSE)

SSE was carried out for spectrum of each protein by JASCO’s

multivariate SSE program (JWMVS-529) and the results are

shown in Table 1 together with each corresponding SSE result

by X-ray crystal structural analysis and CDSSTR method for

comparison. Regarding the SSE by CD spectrum, it is generally

known that the estimation of β-sheet structure is less accurate

than that of Helix structure, however in Table 1, as you can

clearly see, the better estimation of b-sheet structure was

obtained by using JASCO’s multivariate SSE program, referring

to the results by X-ray. This improvement was achieved by

applying PLS/PCR multivariate analysis method and calibration

model generated by CD spectra of 26 kinds of standard protein

in the range from 260 to 176 nm.

Helix (%) β-Sheet (%) Turn (%) Random (%)

Human serum albumin

X-ray (1) 71.8 0.0 8.2 20.0

JASCO (2) 70.6 0.0 9.4 20.0

CDSSTR (3) 71.1 0.0 6.9 22.9

Concanavalin A

X-ray (1) 3.8 46.4 10.5 39.2

JASCO (2) 9.7 42.7 10.4 37.2

CDSSTR (3) 6.1 35.3 12.0 46.6

Trypsin inhibitor

X-ray (1) 1.7 33.1 10.5 54.7

JASCO (2) 1.0 35.8 14.6 48.6

CDSSTR (3) 5.1 17.5 16.2 59.5

1) The SSE results by X-ray crystal structural analysis are all 

referred to the data of RCSB PROTEIN

DATA Bank (PDB).

(protein) (PDB ID)

Human serum albumin: 1bm0

Concanavalin A: 2ctv

Trypsin inhibitor: 1ba7

Helix: (α-helix) + (3/10-helix)

β-Sheet: β-strand

Turn: turn

Random: other

2) In JASCO’s multivariate SSE program (JWMVS-529), PLS/PCR 

method is applied to:

Human serum albumin: PLS

Concanavalin A: PLS

Trypsin inhibitor: PCR

3) In CDSSTR method, the reference spectra “SP22X[H, 3/10, S, 

T, P2, U]178-260 nm” are used:

Helix: (α-helix) + (3/10-helix)

β-Sheet: β-sheet

Turn: turn

Random: (poly(Pro)II Structure) + (unordered)

Table 1 SSE results by three different methods
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Application CD-0018

Measurement of protein film samples in vacuum ultraviolet region by using 

J-1500 Circular Dichroism (CD) spectrometer

Introduction

CD spectroscopy is considered as an essential tool to

analyze the structure of protein samples. CD spectra

reflecting the secondary structure of protein are

usually observed from UV region below 260 nm to

the vacuum ultraviolet region. Nowadays, it has been

reported as an example that by CD instrument

utilizing synchrotron radiation the protein film

sample was successfully measured down to around

140 nm*. CD analysis by using synchrotron radiation

is a very effective method to measure CD in vacuum

ultraviolet region, however, it is not easy since it

requires a very special facility. JASCO Model J-1500,

having the most updated electric system using the

latest digital lock-in detection capability, the further

improved optical system with higher light through-

put and N2 purge function with higher efficiency

which was developed based on flow simulation

technology, enables to achieve high S/N CD

measurement even in vacuum ultraviolet region. This

note shows the analysis example of protein film

sample in vacuum ultraviolet region by using J-1500

CD spectrometer.

Measurement condition

• Instrument: J-1500 CD spectrometer

• Data interval: 1 nm

• Response: 4 sec

• Spectral bandwidth : 1 nm

• Scan speed: 20 nm/min

• Accumulation: 4 times

Results

Protein sample in aqueous solution was dropped on

the quartz plate and then evaporated to form a film

on the quartz plate. For 4 different kinds of protein

film samples, CD and absorbance were measured in

250-163 nm region. Obtained CD and absorbance

spectra are shown in Fig. 1. CD spectra of Myoglobin

with rich Alpha-helix, Lysozyme with α-helix and β-

sheet, Concanavalin A with rich β-sheet and Trypsin

inhibitor with rich random structure reflect the

structural characteristics of each sample.

Reference

* Modern Techniques for Circular Dichroism and

Synchrotron Radiation Circular Dichroism spectroscopy,

B. A. Wallace and R. W. Janes (Eds.), IOS Press, 2009, p

43.

Figure 1 Vacuum ultraviolet CD/Abs.spectra of 

protein film samples
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Application CD-0019

CD measurement of α-pinene gas in vacuum UV range 

by J-1500 CD spectrometer

Introduction

J-1500 CD spectrometer is the system optimized to

the most suitable CD measurement by high efficiency

of the nitrogen purge function that is realized by fluid

simulation calculation, the optical system improved

for higher throughput and the electrical system using

latest digital lock-in detection.

By this system, the CD spectra can be obtained with

high S/N ratio even in the vacuum UV range or for

the sample with high absorption, enabling as a result

to improve the accuracy of protein secondary

structural analysis or the measurement of the

samples with small g value that have been very

difficult until now.

The measurement of CD spectra in the vacuum UV

range of (1R)-(+)-α-pinene gas and (1S)-(-)-α-pinene

gas is reported as below.

Measurement conditions

• Instrument: J-1500 CD spectrometer

• Measurement wavelength range:245 - 163 nm

• Data sampling interval: 0.1 nm 

• Response: 1 second

• Spectral bandwidth: 1 nm 

• Scanning speed:20 nm / min

• Accumulation: 1 time 

• Cell: Cylindrical quartz cell (optical pathlength 10 mm)

Results

The vacuum ultraviolet CD spectra of (1R)-(+)-α-pinene

gas and (1S)-(-)-α-pinene gas are shown in Figure 1. As

shown, the mirror symmetrical CD spectra with high S/N

ratio were obtained in the range down to as low as 163

nm, and the sharp peaks specific to the gas sample were

also observed.

Figure 1 Vacuum UV CD spectra of α-pinene gas

J-1500 CD Spectrometer
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Application CD-0022

CD Measurement of alanine powder by using of DRCD method 

with Multiprobe function

Introduction

Generally, a sample for CD measurement needs to be

a liquid (solution) sample, while recently there has

been increasing requirements of CD measurement

for hardly soluble sample or the sample whose

structure may change in a solution. Such sample has

to be measured in the solid state as it is. Although

the transmission method can be applied to the CD

measurement for such solid samples, there needs

sample preparation such as making a pellet and also,

if the sample dilution is required, it is not easy to

recover the sample. For solving those difficulties in

such transmission method, diffuse reflection (DR) CD

method has been recommended.1), 2) This application

note illustrates the DRCD measurement by using of

model DRCD-575 (See Figure 1.) optimized for the J-

1500 CD spectrometer with the multi-probe function.

DRCD is a method, in which the sample powder is

located at the measurement point for diffuse

reflection in integrating sphere and the CD is

measured by utilizing diffuse reflection light (See

Figure 2) and therefore, the DRCD can be effectively

applied to the powder sample. However, in CD

measurement of such solid sample, the influence of

LD (linear dichroism) derived from the optical

anisotropy of solid sample may have to be taken into

consideration in order to minimize the CD artifact.

The model J-1500 CD spectrometer allows the users

to estimate the CD artifact easily by an incorporated

quad digital lock-in amplifier allowing multi-probe

function which enables the simultaneous

measurement of CD and LD. As an example of the

DRCD measurement, L- and D-alanine powder were

used as sample.

DRCD-575

The DRCD can be measured by placing the powder

sample at the position for diffuse reflection

measurement (opposite end of inlet port of incident

light) and by locating the detector in close contact with

the integrating sphere at 90 degrees side from the

incident light axis. Also, the diffuse transmission

measurement can be carried out when the sample is set

at an inlet port of incident light and the diffuse plate

(white plate) is located at the sample position for diffuse

reflection measurement. In the diffuse transmission

measurement, the dilution of sample may be often

required, while the very small amount of sample can be

measured.

Measurement

In order to minimize the influence from optical

anisotropy, the alanine powder was well ground by using

of mortar and then the simultaneous CD and LD

measurement was performed by using of multiprobe

function of model J-1500 CD spectrometer.

System configuration

• J-1500-450ST CD Spectrometer

• PML-534 FDCD PMT Detector

• FLM-525 N2 gas flow meter

• DRCD-575 Solid state(powder) CD measurement unit

*1) This application can be applied to the J-1500-150ST

*2) N2 gas supply and regulator are required separately.

*3) Water-circulator for cooling 450W Xe source needs 

to be prepared locally.

*4) Powder CD unit can be applied to the transmission 

measurement using KBr pellet method.

*5) Cell holder for powder sample is a standard item in 

DRCD-575.

Figure 1 Model DRCD-575 Powder CD Unit

Figure 2 Optical layout, DRCD-575
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Application CD-0022

CD Measurement of alanine powder by using of DRCD method 

with Multiprobe function

Measurement parameters

• Wavelength range: 300-200 nm

• Photometric mode: DRCD, DRLD

• CD/LD sensitivity: 10000 mdeg/1.0 delta OD

• Data interval 0.1 nm

• Scan speed: 100 nm/min

• Spectral bandwidth (SBW): 2 nm

• Response: 1 sec

• Number of accumulation: 5

Results

The DRCD and DRLD spectra of L- and D-alanine

powder are shown in Fig. 3. In the CD mode, L and D-

alanine spectra obtained are in the mirror image

showing the same intensity of plus and minus sign

respectively. In the LD mode, the signal intensity of

each L and D spectrum obtained is less than +/- 0.005

delta OD that is low enough. Such results indicate

that the influence from optical anisotropy is

considered to be in negligible level. It is confirmed

that the DRCD-575 Powder CD unit and J-1500 with

multi-probe function can be used for the

measurement of DRCD of alanine sample sufficiently

powdered. It is expected that such powerful

measurement technique will be able to expand the

application of solid sample CD to the metal complex

or super molecule.

Reference

Ettore Castiglioni and Paolo Albertini, CHIRALITY,

2000, 12, 291-294.

Huibin Qiu, Yoshihira Inoue and Shunai Che, Angew.

Chem. Int. Ed. 2009, 48, 3069-3072.

Figure 3 CD and LD spectra of L- and D-alanine (accumulated)
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Application CD-0023

High throughput CD Spectral Measurement by J-1500-PAL System
-Application to biomedicines, evaluation of pH dependency of human serum albumin structure-

Introduction

R&D of biomedicines utilizing active ingredient derived

from protein is increasing day by day. However, such

biomedicines are more sensitive against environmental

change such as temperature, pH, and salt concentration

than those of ordinary pharmaceuticals produced from

low molecular compounds. And such sensitivity will be the

possible cause of deactivation of biomedicines in

production process. The protein structure and its activity

are related closely, while CD measurement can easily

provide the information regarding the change of protein

structure in small amount of sample. Therefore, the CD

measurement is widely used in the quality control of

biomedicines including proteins. For such pharmaceutical

lab, a fully automated high throughput CD spectral

measurement system has been developed by JASCO in

order to meet the demand for a great number of sample

analyses in the short period. This system consists of model

J-1500 CD spectrometer and a liquid handler, CTC PAL

enabling the automation of sample pretreatment,

injection and washing. In this report, this automated

system has been applied to the evaluation of pH

dependency of human serum albumin (HAS) structure.

System configuration

• J-1500-450ST CD Spectrometer

• FLM-525 N2 gas flow meter

• PTC-517 Peltier Thermostatted Rectangular Cell Holder

• MCB-100 Mini water circulation bath

• Rectangular quartz cell, 10 mm path

• CTC-PAL Liquid handler

1) N2 gas cylinder and regulator will be required

additionally.

2) The 450W Xe source is recommended for offering

higher S/N in vacuum UV region. A relevant water-

circulator for cooling xenon lamp will be additionally

required.

3) Please contact your local JASCO for the detailed

configuration of CTC-PAL

Measurement parameters

• Measurement program: [Spectra Measurement]

• Reagent 1: 0.05 mg/mL human serum albumin (HAS) 

aqueous solution

• Reagent 2: pH adjuster (pH1.3 - pH12.7, adjusted by 

diluted sulfuric acid and diluted sodium hydroxide

aqueous solution )

Reagent 1 and reagent 2 were mixed into the ratio 1:4 and,

the mixed reagent was injected into 10 mm rectangular cell

placed in sample compartment of J-1500. All the sampling

procedure such as mixing of reagents, CD spectral

measurement, washing of cell and drying of cell have been

pre-programmed so that a fully automated and unattended

measurement can be carried out.

• Data acquisition interval: 0.5 nm

• Response: 1 sec

• Band width: 1 nm

• Scan speed: 100 nm/min

• Optical path length: 10 mm

• Accumulation: 2 times

• Concentration: 0.01 mg/mL

• Amount of HAS used for measurement: 30 μg

Results

Figure 2 shows the CD spectra of human serum albumin in

each pH. As you can see, the CD spectra of HAS changed

according to structural change by pH. Figure 3 shows the

change of intensity of CD peak at 222 nm (alpha-helix

structure) against pH change. It indicates that in the pH range

from 5 to 10, alpha helix rich structure is maintained However

maintained. However, in the acidic conditions (below pH5) and

basic conditions (over pH10), the CD intensity was decreased

and, it suggests that the denaturation of HAS happened.

Figure 2 CD spectra of HSA

(pH: 1.3, 2.2, 3.1, 4.1, 5.4, 6.7, 7.5, 8.4, 9.3, 10.7)

Figure  3 pH dependency of CD 

intensity at 222 nm

(pH: 1.3, 2.2, 3.1, 4.1, 5.4, 6.7, 

7.5, 8.4, 9.3, 10.7, 11.8, 12.7)
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Application CD-0024

Temperature control and CD/fluorescence spectrum of lysozyme using

Temperature/wavelength scan measurement program

Introduction

Recently, there has been a significant increase in the

research and manufacturing of biomedicines derived from

proteins, which are becoming more widely available in the

bio-phamaceutical industry. An important requirement in

the manufacturing and quality control of protein-based

biopharmaceuticals is in the assessment of stability during

storage and the affects of storage conditions. The

measurement of denaturation and thermal stability are of

considerable importance in guaranteeing the efficacy of

biopharmaceuticals. CD measurement offers significant

advantage in the assessment of protein secondary

structure due to its requirement for small amount of

sample coupled with high sensitivity measurement.

Therefore, CD measurement is becoming one of the most

popular techniques used in the analysis of the thermal

stability and changes in protein structure caused by ionic

strength and pH. The use of fluorescence spectroscopy in

the probing tryptophan residues also yields important

information about the tertiary structure of proteins.

The JASCO J-1500 Temperature/Wavelength Scan

Measurement Program allows the measurement of a CD

spectrum at a specific temperature, as well as

temperature controlled measurement at a fixed

wavelength. The optional FMO-522 Emission

monochromator also allows simultaneous measurement

of a fluorescence spectrum. In this technical note, we

describe the temperature controlled simultaneous

measurement at 222 nm of both CD and fluorescence

signals for a lysozyme sample using the J-1500 CD

Spectrophotomer.

Sample preparation

An aqueous solution of 0.025 mg/mL lysozyme, derived

from egg-white was prepared and measured

using a rectangular quartz cell.

Measurement parameters

(Temperature control measurement)

Rising temp. condition: 1ºC/min (20 - 90ºC) 

Data interval: 0.1ºC

Measurement wavelength: 222 nm 

Spectral bandwidth (SBW): 1 nm

Response: 4 sec

(CD spectrum measurement)

Measurement temp.: 5ºC interval (20 – 90ºC) Wavelength 

range: 190 – 260 nm

Data interval: 0.5 nm 

Response: 2 sec

Spectral bandwidth (SBW): 1 nm 

Scan speed: 100 nm/min

(Fluorescence measurement)

Measurement temp.: 5ºC interval (20 – 90ºC) 

Excitation bandwidth: 1 nm

Excitation wavelength: 280 nm 

Fluorescence bandwidth: 10 nm

Wavelength range: 300 – 420 nm 

Data interval: 2 nm

Response: 1 sec

Results

(CD spectrum measurement)

Figure 1 shows the temperature control CD spectrum of the

lysozyme solution. The CD intensity is decreased with rise in

temperature and negative peak at 208 nm is shifted to 203 nm

in response to temperature change from 20ºC to 90ºC. This

result indicated that lysozyme helix structures transform to

random structures.

Figure 1 Temperature control CD measurement 

of lysozyme from 20 ºC to 90 ºC
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Temperature control and CD/fluorescence spectrum of lysozyme using

Temperature/wavelength scan measurement program

Figure 2 shows the CD data at the 222 nm which reflects

the helix structure against the temperature In the region

from 70ºC to 80ºC, the CD intensity is drastically

decreased. Analysis using Denatured Protein Analysis

Program provide the 74.38ºC of denaturation

temperature (Tm). After that, lysozyme solution with 90ºC

was cooled to 20ºC and CD measurement was carried on.

Figure 3 shows the CD spectrum of cooling lysozyme

solution, which indicates that the most part of lysozyme is

re-folding by cooling.

Figure 2 Temperature control data 

of lysozyme (222 nm)

Figure 3 CD spectrum of lysozyme

(Green: 20ºC initial, Blue: 90ºC, Red: 20ºC final)

Figure 4 Temperature control fluorescence spectrum of 

lysozyme from 20ºC to 90ºC

Figure 5 shows the peak ratio plot of fluorescence intensity at

340 nm and 352 nm against the temperature. In the region

from 70ºC to 75ºC, the peak ratio is drastically increased,

which means that the surrounding environment of triptophan

residue changes drastically at 74ºC like helix denaturation

temperature. After cooling lysozyme solution from 90ºC to

20ºC, fluorescence measurement is carried on again. Figure 6

shows the fluorescence spectrum of lysozyme at each

temperature. Cooling spectrum is similar to the spectrum

before heating, which means that tryptophan residue is

embedded in protein again.

Figure 4 shows the temperature control fluorescence

spectrum of lysozyme. The fluorescence peak of

tryptophan residue has peak at 340 nm in 20ºC. The peak

is shifted with rise of temperature and reached to 352 nm

in 90ºC. This result probably means that the tryptophan

residue which is inside of protein is appear on the surface

of protein by the thermal denaturation.

Reference

(1) S. V. Konev, “Fluorescence and Phosphorescence of

Proteins and Nucleic Acids”, Plenum Press, New York, p. 21

(1967)

Figure 5 Temperature control plot of

fluorescence intensity ratio (352 nm/340 nm)

Figure 6 Fluorescence spectrum of lysozyme

(Green: 20ºC initial, Blue: 90ºC, Red: 20ºC final)
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Application CD-0025

CD spectrum and CD chromatogram measurement of warfarin 

using J-1500

Introduction

HPLC is a more effective method for quantitative

estimation of trace amounts of compounds and for

mixture separation/purification. HPLC is also used for

analysis of medicinal products and in food science. In

these fields, samples often have optical activity

allowing analysis of enantiomeric excess and the

separation/purification of the enantiomers. JASCO

has developed both dedicated CD detectors for HPLC

(CD-4095) as well as an HPLC flow cell for the J-

1500/J-1700 CD Spectrometers. The J-1500/J-1700

provide high sensitivity, high resolution, and wide

dynamic range, allowing high accuracy detection

down to 200 nm. In this report, the CD measurement

of warfarin was carried out using the J-1500 in a

static mode as well as coupled to an HPLC system for

on-line CD detection of the HPLC eluent.

Sample preparation

In the CD spectral measurements, R-(+)-warfarin and

S-(−)-warfarin are dissolved using a mixture of pH 2.0

aqueous phosphoric acid and acetonitrile, the

mixture ratio is 1:1. In the CD chromatographic

measurement, racemic warfarin is dissolved using a

similar mixture of pH 2.0 aqueous phosphoric acid

and acetonitrile, the mixture ratio is 1:1.

CD spectrum measurement

• Wavelength range: 210 - 400 nm

• Data interval: 0.1 nm

• Response: 2 sec

• Spectral bandwidth (SBW): 1 nm

• Scan speed: 100 nm/min

• Number of accumulations: 1

• Optical pathlength: 1 mm

• Concentration of sample: 200 μg/mL

CD chromatogram measurement

• CHIRALCEL OD-RH column

(4.6 mm I.D. x 150 mm L, 5 μm)

• Wavelength range: 220 nm, 263 nm 

• Data interval: 1 sec

• Response: 1 sec 

• Bandwidth: 1 nm

• Optical pathlength: 10 mm 

• Concentration of sample: 200 μg/mL

• Injection volume: 10 μL

• Mobile phase: pH 2.0 aqueous phosphoric acid / 

acetonitrile (40/60)

• Flow rate: 0.5 mL/min

• Column temperature: room temperature

Figure 1 CD and absorption spectra of warfarin
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CD spectrum and CD chromatogram measurement of warfarin 

using J-1500

2. CD chromatogram measurements

Fig. 2 shows the CD and absorption chromatograms

of R-(+)-warfarin and S-(−)-warfarin at 220 and 263

nm. The measurement was carried out using the

Time Course Measurement mode. The measurement

is initiated by the trigger signal of the manual or auto

injector. The peak of R-(+)-warfarin is observed at

457 seconds and the peak of S-(−)-warfarin is

observed at 587 seconds. The CD and absorption

signals at shorter wavelengths are generally greater

providing higher sensitivity for measurement

detection. As shown, the CD peak area detected at

220 nm is six times larger than the peak at 263 nm

and the absorption peak area detected at 220 nm is

twice as large than the absorption peak at 263 nm.

The area ratio of R-(+)-warfarin and S-(−)-warfarin is

1:1.

Figure 2 CD and absorption chromatograms of warfarin
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Application CD-0027

CD measurement at NIR region by J-1500

- Measurement of nickel tartrate and limonene -

Introduction

In the NIR region, observed CD spectra (NIR-VCD) are

a result of the combination and overtone vibrational

modes of the O-H and C-H transitions as well as the

CD spectra (NIR-ECD) derived from the d-d

transitions of metallic proteins and metal complexes.

NIR-ECD spectra of the metal protein and metal

complexes are known to be sensitive to quite

detailed structures including the conformation of

metal ligands as well as the configuration around the

central metal, which is used for structural analysis of

these molecules.1) For NIR-VCD, theories and

calculation methods to interpret the NIR-VCD spectra

have been introduced, and comparison analysis with

many of the spectra has been accomplished.2)

The J-1500 CD Spectrometer can be used for data

collection in the NIR region (up to 1600cm-1) by

replacing the detector and light source. In this

configuration the instrument can be used for NIR-

VCD measurement of the vibration transitions and

NIR-ECD measurements of molecules including metal

complexes, as well as ECD spectra in the UV region,

primarily used for measurement of biological

samples. Examples of the NIR-CD spectra of a nickel

tartrate solution3) and limonene2) by the J-1500 CD

Spectrometer are shown below.

Sample preparation

1. Nickel tartrate solution

Nickel sulfate solution of 0.24 M and sodium-

potassium tartrate solution of 0.36 M mixed in a 1:1

volume ratio to prepare the nickel tartrate solution.

2. Limonene

Liquid (R)-(+) and (S)-(-) limonene in a 10 mm

pathlength cylindrical cell.

Measurement condition

1. Nickel tartrate solution

• Light source

• UV/Vis: Xe lamp

• NIR: Halogen lamp (option)

• Detector

• UV/Vis: PMT 

• NIR: InGaAs (option)

• Measurement range

• UV/Vis: 235 - 940 nm 

• NIR: 940 - 1600 nm

• Band width

• UV/Vis: 1 nm 

• NIR: 16 nm

• Data interval

• UV/Vis: 0.1 nm 

• NIR: 1 nm

• Path length

• UV/Vis: 10 mm 

• NIR: 0.5 mm

• Scan speed: 200 nm/min 

• Response: 1 second

• Accumulation: 1 Gain: 100x (InGaAs detector only)

2. Limonene

• Light source: Halogen lamp (option) 

• Detector: InGaAs (option)

• Measurement range: 1100 – 1350 nm 

• Measurement mode: CD/DC, UV single (Abs)

• Band width: 16 nm 

• Data interval: 0.1 nm

• Scan speed: 100 nm/min 

• Response: 2 seconds

• Accumulation: 16 Gain: 100x
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CD measurement at NIR region by J-1500

- Measurement of nickel tartrate and limonene -

Result

1. Nickel tartrate solution

CD spectrum from the UV region to the NIR region of

the nickel tartrate solution is shown in Figure 1. The

vertical axis is converted to Molar ellipticity (Mol.

Ellip) because the path length in the NIR region is

different from the spectrum collected in the UV/Vis

range. The spectrum can be measured with high

sensitivity up to 1600 cm-1, although any light

absorptions from H2O is observed in the region

greater than 1400 nm.

2. Limonene

Absorption and CD spectra derived from the double

overtone of the C-H vibrational transition of the (R)-(+)

and (S)-(-)-limonene are shown in Figure 2. The limonene

of a racemic form was used for the blank of the CD

spectrum. The limonene was measured with pathlengths

of 10 mm and 2 mm because there is no appropriate

solvent to serve as the blank for the liquid limonene at

room temperature in the absorption spectrum. The

difference spectrum (absorbance equivalent to the 8 mm

path length) is multiplied by 1.25 and converted to the

absorbance equal to a 10 mm path length. The very

weak CD signal below 1 mdeg can thus be measured with

high-sensitivity.

Figure 1 CD spectrum of the nickel tartrate solution

Concentration of the nickel tartrate 3) : 0.1188 M in H2O

Figure 2 CD spectrum of the limonene

Reference

(1) William A. Eaton, Graham Palmer, James A. Fee,

Tokuji Kimura, and Walter Lovenberg, Proc. Nat. Acad.

Sci. USA, 68, 12, 3015-3020, (1971)

(2) Sergio Abbate, Ettore Castiglioni, Fabrizio Gangemi,

Roberto Gangemi, and Giovanna Longhi, CHIRALITY, 21,

Issue 1E E242-E252, (2009)

(3) T. Konno, H. Meguro, T. Murakami, and M. Hatano,

CHEMISTRY LETTERS, 953-956, (1981)
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Application CD-0028

CD Thermal Denaturation Measurement 

of Minute Sample Volumes

Introduction

Circular Dichroism (CD) measurement is an effective

tool for secondary structure analysis and the thermal

denaturation analysis of proteins and nucleic acids. A

rectangular cell of 1 mm optical path length is

generally used for Far UV measurement, requiring

approximately 200 μL of sample volume. There has

been great interest in an apparatus and technique to

carry out CD measurements on very low volumes in

the case of precious samples where only a tiny

amount can be purified. JASCO now offers a new

capillary cell and capillary jacket for thermal ramping

analysis of sample volumes less than 10 μL.

Measurement is simple and the capillary cells are

inexpensive and disposable.

Sample preparation

1 mg/mL ribonuclease A aqueous solution is drawn

into the capillary cell with a 0.5 mm optical

pathlength and the capillary base is sealed. The cell is

inserted in the capillary jacket for the CD

measurement. A 0.5 mg/mL ribonuclease A solution

using a rectangular cell of 1 mm optical path length is

also measured for comparison.

Drawing sample* into capillary

Sealing the sample

Ready for measurement

Insert the cell in capillary jacket

Set the capillary jacket in 

Peltier Thermostatted 

Single Cell Holder
*The above pictures are using a colored sample for visibility, not the ribonuclease A solution.
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CD measurement at NIR region by J-1500

- Measurement of nickel tartrate and limonene -

Measurement conditions

• Measurement wavelength: 222 nm 

• Data sampling interval: 0.2ºC

• Response: 8 second 

• Spectral bandwidth: 1 nm

• Rising temp. rate: 1ºC /min

Results

Figure 1 shows the thermal denaturation of

ribonuclease A. Analysis using the JASCO JWTDA-519

Denatured Protein Analysis software calculates a

denaturation temperature of 59.4ºC for the capillary

cell and is in accordance with 59.7ºC for the

rectangular cell. This result shows that the

microassay for the capillary cell can be carried out

with high accuracy.

NOTE:

JASCO also offers the MSD-462 Micro Sampling Disk for

spectral scanning measurements on sample volumes of

2ul to 10 μL. The MSD-462 applications are shown in the

following Application Notes: 260-CD-0011 and 260-CD-

0019.

Figure 1 Temperature control data of ribonuclease A

48



Application CD-0029

Secondary structure analysis of poly-L-glutamic sodium

using titration with dilute sulfuric acid

49

Introduction

In the fields of fundamental protein research and

pharmaceutical technology, studies into protein

structure and peptides models are becoming of

increasing interest; the function of proteins is

intrinsically linked to their structure, and the

structural analysis of proteins and peptide models is

important in determining their bioactivity.

NMR and X-ray crystal structure analysis are both

very effective methods in the elucidation of protein

structure, but the requirement for large amounts of

sample and equipment costs can be prohibitive for

routine analysis.

By comparison, analysis using circular dichroism is

very straightforward and can be done with small

amounts of sample. These features make CD a useful

tool for the estimation of secondary structure of

proteins and peptides, analyzing the conformational

changes caused by pH, temperature, and ligand

binding.

In structural analysis using CD measurement, the

abundance ratio of secondary structure motifs in

proteins and peptides can be estimated using a least-

square method with reference spectra including α-

helix, β-sheet, turn, and random structure. The

JWSSE-513 protein secondary structure analysis

program uses a Classical Least Squares (CLS) method,

which includes the reference spectra of Yang1) and

Reed2).

Yang’s reference spectra are extracted from CD

spectra of proteins, and are best suited to protein

secondary structure analysis1), 3). Reed’s reference

spectra are extracted from the CD spectra of

peptides, and are suited to the secondary structure

analysis of peptides; because of lesser effects on CD

caused by the side chains of aromatic amino acids

often found in proteins. For the secondary structure

estimation of peptides, the JWSSE-513 protein

secondary structure analysis program using Reed’s

reference spectra is extremely effective. The data

shown here is an example of CD spectral change in

poly-L-glutamic acid sodium solution with titration

with dilute sulfuric acid. The changes in secondary

structure are reported below.

Measurement condition

2 ml of poly-L-glutamic acid sodium solution (0.02

mg/ml) was titrated with 10-5N dilute sulfuric acid and

the corresponding CD spectrum measured in the range

from 260 nm to 190 nm.

The titration was repeated 20 times per 50 μl using the J-

1500 CD spectropolarimeter fitted with ATS- 530

Automatic Titration Unit.

Results

Figure 1. CD spectral changes in poly-L-glutamic acid

sodium solution with titration using dilute sulfuric acid.

Figure 1 CD spectra of poly-L-glutamic acid sodium 

solution with titration using dilute sulfuric acid

System configuration

• J-1500-450ST CD Spectrometer

• FLM-525 N2 gas flow meter

• Low Temperature Circulator for Light Source

• PTC-510 Peltier Thermostatted 

Cylindrical/Rectangular Cell Holder

• ATS-530 Automatic Titration Unit

• Rectangular quartz cell for CD with cap 10x10

• MCB-100 Mini water circulation bath

• JWSSE-513 Protein SSE program

1) Nitrogen gas cylinder and regulator are required.

2) 450 W xenon lamp is recommended for a high SN ratio

measurement in vacuum ultra violet region.
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Secondary structure analysis of poly-L-glutamic sodium

using titration with dilute sulfuric acid
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In a near-neutral pH solution, the CD spectrum shows

that the protein has a random structure. With the

addition of dilute sulfuric acid, the CD spectrum

shows that the structure develops into a strong helix

motif. The CD spectra for poly-L-glutamic acid

sodium solution before the addition of dilute sulfuric

acid and after the addition of 1 ml dilute sulfuric acid

were both analyzed using Reed’s reference spectrum

as shown in Figure 2. For the analysis, the Y axis is

converted to Molar ellipticity (Mol. Ellip). To

illustrate the results of the analysis of secondary

structure, the measured spectra, calculated spectra

based on the measured spectrum and the residual

error between the measured and calculated spectra

are drawn on the same plot. The ratio of helix, β-

sheet, turn, and random structure, and RMS value

between the measured and calculated spectrum can

also be calculated.

The change in secondary structure abundance ratio is

shown in Figure 3. As the solution tends to acidity, the

ratio of the helix motif is increased to a maximum of

82.4% of the total structure of the poly-L-glutamic acid,

and the random motif is decreased to 3.2% at the 6.6 μM

sulfuric acid concentration.

Figure 2 CD spectrum comparison of 

measurement and calculated spectrum

Top: before titration

Bottom: after titration with 1 ml diluted 

sulfuric acid

Figure 3

The abundance ratio change in secondary structure of 

poly-L-glutamic acid

Reference

(1) Jen Tsi Yang, Chuen-Shang C. Wu, and Hugo M.

Martinez, Methods in Enzymology, 130, 208-269, (1986)

(2) J. Reed, and T. A. Reed, Anal. Biochem., 254, 36-40,

(1997)

(3) C. T. Chang, C-S. C. Wu, and J. T. Yang, Anal.

Biochem., 91, 13-31, (1978)



Measurement Results

Figures 3 through 6 illustrate the measurement results

for alpha-pinene; 1,1-Bi-2-naphthol; proline and

hemoglobin, respectively. Both IR and VCD spectra can

be obtained by the FVS-6000. The identification of the

absolute configuration of chiral compounds can be

determined from both the IR and the VCD spectra as well

as the analysis of the molecular structure.

Figure 3 demonstrates the IR and VCD spectra of alpha-

pinene which is a typical standard sample to validate a

VCD instrument system. IR spectra of the R- and S- form

of alpha-pinene are completely overlapped, while their

VCD spectra are symmetric, clearly identifying each

alpha-pinene enantiomer

*1 Umami taste is the fifth taste sensation in addition to 

sweet, acid, salty and bitter taste.

Application 260-PO-0224

Measurement of Vibrational Circular Dichroism spectra

using the FVS-6000

Introduction

It is generally understood that chiral compounds

have different bioactivities depending upon the

absolute configuration of each compound. Some

familiar examples include glutamic acid and

thalidomide. Lglutamic acid demonstrates the

“Umami” taste*1, while D-glutamic acid has a bitter

taste, similarly, the R form of thalidomide is a

sedative, but the S form has teratogenic activity.

Thus, the separation and study of chiral compounds

is critical for many reasons.

The functionalities of chiral compounds have been

studied for the development of advanced molecules

for many applications. The study of chiral compounds

has spread to several fields such as natural products,

pharmaceuticals and other functional molecules, and

it can be pointed out that among those studies, the

structural analysis of chiral compounds is a very

important topic. X-ray Diffraction (XRD), Nuclear

Magnetic Resonance (NMR) and Electronic Circular

Dichroism (ECD) using UV/Vis light are employed as

primary methods for the structural analysis of chiral

compounds. In this paper, the measurement of chiral

compounds by Vibrational Circular Dichroism (VCD)

using infrared light will be outlined.

VCD is a method to measure the difference of

absorbance intensity between left-hand and right-

hand circularly polarized light as shown in Figure 1. It

is an advantage of VCD that this method can be

applied to almost all organic compounds in the same

way as infrared (IR) spectroscopy. In addition, by

comparing the measurement results with calculated

results by ab-initio molecular orbital calculations, the

absolute configuration of the sample can be

determined. However, since the peak intensity of

VCD spectra are 1,000 – 10,000 times weaker than

that of standard IR spectra, spectroscopic

instruments with high sensitivity and stability with

very small baseline fluctuations are required. The

FVS-6000 VCD system has a high sensitivity detector,

suitable optical filter technology and a thermostatted

Photo Elastic Modulator (PEM) to accurately

measure the weak VCD peaks.

The measurement results of typical chiral

compounds and hemoglobin as a model protein

using the FVS-6000 are reported.

Figure 1 Principles of VCD spectroscopy

Figure 2 External view of the FVS-6000
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Application 260-PO-0224

Measurement of Vibrational Circular Dichroism spectra

using the FVS-6000

Measurement Results

Figures 3 through 6 illustrate the measurement

results for alpha-pinene; 1,1-Bi-2-naphthol; proline

and hemoglobin, respectively. Both IR and VCD

spectra can be obtained by the FVS-6000. The

identification of the absolute configuration of chiral

compounds can be determined from both the IR and

the VCD spectra as well as the analysis of the

molecular structure.

Figure 3 demonstrates the IR and VCD spectra of

alpha-pinene which is a typical standard sample to

validate a VCD instrument system. IR spectra of the

R- and S- form of alpha-pinene are completely

overlapped, while their VCD spectra are symmetric,

clearly identifying each alpha-pinene enantiomer

Since the peak shapes of the VCD spectra obtained

illustrate typical alpha-pinene spectra, it is confirmed

that high quality VCD spectra can be measured by

the FVS-6000.

Figure 4 outlines measurement results for 1,1-Bi-2-

naphthol which is used as a ligand for transition-

metal catalyzed asymmetric synthesis and is a

precursor for chiral ligands such as BINAP. The small

peaks due to the anisotropy factor ‘g value’ (VCD

peak/IR peak) around 1600 and 1500 cm-1 attributed

to the benzene ring are clearly shown. These results

demonstrate that the FVS-6000 is a very effective

system for evaluation of chiral compounds which

have similar structures.

Figure 1 Principles of VCD spectroscopy

Figure 2 External view of the FVS-6000

Figure 3 Spectra of alpha-pinene

(neat, 50 μm pathlength BaF2 liquid cell)

Figure 4 Spectra of 1,1'-Bi-2-naphthol

(solvent: CHCl3, concentration: 0.162 M, 

50 μm pathlength BaF2 liquid cell)
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Measurement of Vibrational Circular Dichroism spectra

using the FVS-6000

Figure 5 Spectra of proline

(solvent: D2O, concentration: 0.9 M,

25 μm pathlength CaF2 liquid cell)

Figure 6 Spectra of hemoglobin

(solvent: D2O, concentration: 50 mg/mL,

25 μm pathlength CaF2 liquid cell)

Figure 5 illustrates the measurement results of

proline which is one of the amino acids. Good,

symmetrical VCD spectra were obtained for the D-

and L- forms. Since amino acids demonstrate

different bioactivities between the D- and L- forms,

studies regarding structure and bioactivity are

increasingly popular. Liquid samples can be easily

measured by VCD instrumentation so the structural

analysis of amino acids can be performed similar to

physiological conditions.

Figure 6 contains the measurement results for

hemoglobin. Hemoglobin is known as a spherical

model protein which contains rich alpha-helix

structures, and in addition, its VCD spectrum shape is

very different from that of concanavalin A, which

contains a rich beta-sheet structure.

The addition of VCD spectral results to information

obtained from ECD and IR spectra can provide much

more accurate secondary structure analysis of

proteins in solvents. We also believe that VCD can

also be a powerful tool for the analysis of DNA and

chiral polymers other than proteins.

In this paper, the standard performance and

measurement results of typical chiral compounds

using the FVS-6000 were reported and we believe

the FVS-6000 can be an essential and indispensable

tool for analysis of chiral compounds.

Measurement Conditions

• Model name: FVS-6000

• Resolution: 4 cm-1

• Detector: MCT-V

• Accumulation: 1000 (alpha-pinene and 1,1’-Bi-2-

naphthol), 2500 (proline), 2000 (hemoglobin)
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The spectra are shown in Figure 1-(a), (b), (c). These

results are in good agreement with CPL spectrum of the

camphorquinone previously reported. CPL (as ΔI) and

glum show the proper mirror symmetrical spectra

between (1R)-(−)- and (1S)-(+)- camphorquinone. This

symmetry is kept even in the wavelength region where

signal strength becomes near to zero.

Application CD-0031

CPL measurement of camphorquinone

using CPL-300 circularly polarized luminescence spectrometer

Introduction

Camphorquinone is one of the first molecules which

for the CPL spectrum was reported1), but recently

even its CPL spectrum simulation, by the theoretical

calculation, had been made possible2,3). In this

application note, we present the measurement and

analysis of camphorquinone using circular dichroism

and circularly polarized luminescence, as a way to

show the CPL-300 capabilities and the

complementary features of the two techniques.

Experimental Condition

• Sample: 18 mM ethanol solution of (1R)-(−)- and 

(1S)-(+)-camphorquinone

• Cell: Optical path length 10 mm cylindrical cell

[J-1500] gAbs is calculated based on CD and 

absorbance spectra.

• Data acquisition interval: 0.1 nm 

• Bandwidth: 1 nm

• Scan speed: 50 nm/min 

• Response: 2 sec

• Accumulation: 1 time

[CPL-300] glum is calculated based on CPL and 

fluorescence spectra.

• Excitation wavelength: 440 nm 

• Data acquisition interval: 0.1 nm

• Excitation bandwidth: 16 nm 

• Emission bandwidth: 10 nm

• Scan speed: 50 nm/min 

• Response: 4 sec

• Accumulation: 16 times

Results

Molecular orbital in excited state and ground state

are generally different. Therefore, CPL

measurement, which reflects excited state molecular

structure, and CD measurement, which reflects

structure in ground state, are used as

complementary methods. CD signal and CPL signal

are normalized as gAbs=Δε/ε and glum=ΔI/I,

respectively. CPL and fluorescence spectra of (1R)-

(−)- and (1S)-(+)- camphorquinone were measured

using a CPL-300, while CD and absorption spectra

were collected with a J-1500; then gAbs and glum had

been calculated.

Figure 1 Spectra of camphorquinone ethanol solution, 

and CPL spectra (a), absorbance/fluorescence spectra (b), 

gAbs and glum spectra (c)
References
(1) Chun Ka Luk and F. S. Richardson, J. Am. Chem. Soc. 1974, 96, 

2006-2009

(2) Benjamin Pritchard and Jochen Autschbach ChemPhysChem 2010 

11 2409 2415

(3) Giovanna Longhi, Ettore Castiglioni, Sergio Abbate, France Lebon, 

and David A. Lightner, Chirality, 2013, 25, 589-599 54



Figure 2 shows the glum spectrum, CPL spectrum and the

fluorescence spectrum of Eu(facam) 3/DMSO solution

measured by CPL-300. The sharp fluorescence peak and

corresponding CPL spectrum observed at 570-630 nm

were measured with high resolution. These results are in

agreement with previous reports2-3-4).

Application CD-0032

CPL spectrum measurement of europium complex [Eu(facam)3] 

exhibiting a sharp fluorescence spectrum

55

Introduction

Circularly Polarized Luminescence (CPL) measures

the difference of intensity between right-handed and

left-handed circular polarized fluorescence light.

Luminescent molecules which generate CPL may find

technological applications in the field of 3D displays

and security markers. Chiral lanthanide complexes

have been extensively applied in this field, while

exhibiting sharp fluorescent bands1) and requiring, in

CPL spectrum measurement, the use of narrow

bandwidth. Two monochromators are installed in

CPL-300, one is in the excitation side, and the other is

in emission side, both equipped with continuously

variable slits, in order to select the appropriate

excitation wavelength and a suitable fluorescence

bandwidth.

So the CPL-300 can measure the sample which shows

sharp CPL spectrum with high resolution.

In this application note, the high resolution CPL

spectrum measurement of europium tris[3-

(trifluoromethylhydroxymethylene)-(+) camphorate]

(Eu(facam)3)/DMSO solution using CPL-300 is

presented. The CPL of this sample, well known as

NMR shift reagent, has been extensively studied in

the past2-3-4).

Sample preparation

5.5 mM Eu(facam)3/DMSO solution was prepared.

Experimental Condition

[CPL-300]

• Excitation wavelength: 373 nm

• Excitation slitwidth: 4000 μm

• Emission bandwidth: 3 nm

• Scan speed: 20 nm/min

• Response: 4 sec

• Data acquisition interval: 0.1 nm

• Accumulation: 4 times

• Optical path length: 10 mm

Results

The absorption spectrum of Eu(facam)3/DMSO

solution was measured in a 0.1mm cell and the

absorption peak was detected at 309 nm, while the

expected maximum peak of emission is at 613 nm.

Measuring the fluorescence with an FP-8300

spectrofluorometer in a conventional 10x10 mm cell,

the excitation spectrum with 613 nm fluorescence

detection shows an apparent maximum at 373 nm

(Figure 1), well distorted due to sample absorption.

Figure 1 The absorption/excitation/fluorescence spectra of 

Eu(facam)3/DMSO solution
(Absorption spectrum: V-760, cylindrical cell holder, 0.1 mm optical

path cylindrical cell)

(Excitation/fluorescence spectra: FP-8300, 10 mm x 10 mm 

rectangular cell)

Figure 2 The glum spectrum (top), CPL spectrum 

(middle) and the fluorescence spectrum (bottom) of 

Eu(facam)3/DMSO solution
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Verification of [Wavelength Accuracy] and [Wavelength Repeatability]

using mercury emission line spectrum

56

Introduction

For high-precision CD spectrum measurement,

[Wavelength Accuracy] and [Wavelength

Repeatability] are important parameter to obtain

precise spectrum. J-1000 CD spectrometer has high

[Wavelength Accuracy] and [Wavelength

Repeatability], and these features can realize high-

precision CD spectrum measurement. In this

application data, [Wavelength Accuracy] and

[Wavelength Repeatability] are verified by measuring

the 253.652 nm emission line spectrum of the

mercury lamp, which is installed in J-1000 series CD

spectrometer for validation.

Application CD-0030

Figure 1 Mercury Lamp emission line spectra

(bottom: Zoom View)

Repeat count Peak wavelength

1 253.650 nm

2 253.650 nm

3 253.650 nm

4 253.650 nm

5 253.650 nm

Table 1 Wavelength repeatability

JASCO J-1500

Circular Dichroism Spectropolarimeter



Application P-0001

Optical rotation of Dextromethorphan Hydrobromide

measured using 365 nm emission line of mercury lamp

Introduction

Optical rotation of Dextromethorphan Hydrobromide

in accordance with the U.S. Pharmacopeia, is

requested to be measured at 325 nm, however there

is no emission line of 325 nm available in the

polarimeter using Na lamp or Hg lamp as light

source. Therefore, for the measurement of optical

rotation of Dextromethorphan Hydrobromide, a

polarimeter with halogen lamp as a light source and

interference filter (325 nm) has been usually used,

but as shown in Figure 1, the optical rotatory

dispersion (ORD) spectrum, there is a very steep

slope in the short wavelength range near 325 nm,

where even a very small error in the wavelength of

interference filter may cause a very large error in the

optical rotation measurement, which will makes the

accurate measurements very difficult. On the other

hand, if the measurement by using 365nm is

allowed, since no wavelength error is expected, the

measurement of optical rotation can be

implemented with much higher accuracy. In this

experiment, Dextromethorphan Hydrobromide was

measured using polarimeter with Hg lamp (365 nm),

polarimeter with Halogen lamp and interference

filter (325 nm) and polarimeter with ORD

attachment.

Polarimeter
Optical rotation (365 nm, 20°C): +2.5655°

(by JASCO P-2000 with Hg lamp)

Specific rotation [α]365
20: +142.53

Optical rotation (325 nm, 20°C): +4.7034°

(by JASCO P-2000 with halogen lamp & interference filter)

Specific rotation [α]325
20: +261.30

ORD attachment

Optical rotation (365 nm, 20°C): +2.5706°

(by JASCO P-2000 with ORD attachment)

Specific rotation [α]365
20: +142.81

Optical rotation (325 nm, 20°C): +4.8726°

(by JASCO P-2000 with ORD attachment)

Specific rotation [α]325
20: +270.70

Figure 1 ORD spectrum 

of Dextromethorphan Hydrobromide
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Application P-0002

Optical rotation measurement 

of sucrose and l-menthol

Introduction

Optical rotation is the property of substances,

rotating the plane of polarization when linearly-

polarized light passes through such substances. This

is the property which occurs specifically to optical

active substances in which the refractive indices of

right and left circularly-polarized light are different.

Optical rotation that rotate light in a clockwise

direction as viewed towards the light source is

defined as dextrorotation (+) and the opposite,

levorotation (-). The angle of rotated plane of

polarization is called as optical rotation and

polarimeter is the instrument to measure such

optical rotation. Optical rotation is proportional to

cell pathlength and is related to sample

concentration, measurement wavelength and

temperature. The specific optical rotation [α]t
x is

calculated from the following formula using

temperature t (ºC), wavelength x (nm), cell

pathlength 1 (dm), sample concentration c (g/100

ml) and measured optical rotation α.

[α]t
x = 100 α/cl

JP, USP and EP suggest to measure optical rotation

using D-line of Na lamp.

Polarimeter is used for several purposes such as

purity certification of sugar, verification of

pharmaceuticals and optical purity determination of

optical active substances obtained from asymmetric

synthesis in organic chemistry field.

Optical rotation measurement of sucrose

5 g/100ml of sucrose (Wako Pure Chemical Industries,

Ltd., JIS special grade) was prepared and measured using

P-2000 with 100mm cell, Na lamp D-line under 20ºC.

Figure 1 shows the printout view of measurement result.

The average of optical rotation in 5 times measurement

was +3.3264 deg. and its specific optical rotation

calculated was +66.5280 which is in good agreement

with the specific optical rotation of 5g/100ml sucrose

solution described in JIS K0063 1), +66.500.

Optical rotation measurement of 1-menthol

l-menthol (Wako Pure Chemical Industries, Ltd.) was

prepared under the condition suggested in JP (2.5g

ethanol (95), 25ml, 100mm) and its optical rotation was

measured. Its specific optical rotation was calculated to

be [α]20
D = -50.01 which is well within the JP criteria: -

45.0 ~ -51.0. Generally, optical rotation is increased in

shorter wavelength region. For optical rotation

measurement, Na lamp D-line is usually applied, while

when the optical rotation of the sample is very small

using D-line, by irradiating shorter wavelength light,

optical rotation can be measured in easier way. In this

application data, optical rotation measured using P-2000

with both Na lamp D-line and Hg lamp emission line

wavelength (546, 436, 405, 365 nm) and ORD spectrum

(showing wavelength dispersion of optical rotation)

measured using J-820 + ORDM-401 were compared. As

shown in Figure 2, both measured values by P-2000 and

ORDM-401 are very consistent. Like this, by employing

shorter wavelength light for samples with small optical

rotation, the measurement can be implemented easily.

Figure 1 Printout view of optical rotation 

measurement of 5g/100ml sucrose solution. 

Figure 2 Optical rotation of 1-menthol and 

comparison with ORD spectrum

O : P-2000 measured value —: ORD spectrum

Reference 

(1) Optical rotation of sucrose solution described in JIS K0063 is referred to 

Handbook of Chemistry and Physics, 42nd Edition (1960-1961), P1784, The 

Chemical Rubber Co., Ohio, U.S.A.. 58



Application P-0003

Optical Rotation Measurement 

for small amount of sample

Introduction

The optical rotation measurement is a common

analytical method used for the evaluation of

synthesized compounds and new compounds

isolated and purified from natural products, while in

most of the cases, the amount of compounds

obtained from the synthesis for which many steps

are required or target compounds obtained from

valuable natural products is usually very small.

Therefore, it is essential to enable the measurement

of such sample with the amount as small as possible

and a series of cells have been lined up. This report

proves the optical rotation of the minimum 1 mL

sample can be measured.

Features

• Model PTC-262 Peltier cell holder enables

temperature control for the measurement

• Minimum 1 mL sample measurement (when using

cells of diam. 3.5 mm x 50 mm and diam. 2.5 mm

x 100 mm)

(Note)
• A temperature sensor probe inside a cell cannot be

used when the sample volume is minimum.

• It is necessary to make sure that there is no bubble in

the light path in the cell, especially near the window.

Any bubble should be removed from the light path

because bubbles may cause an inaccurate

measurement.

• If the amount of the sample available is sufficient, it is

recommended to use a cell of diam. 10 mm x 100 mm

in order to obtain the most simple and stable

measurement results.

Optical rotation measurement of pirarubicin

Among the pharmaceuticals described in

pharmacopoeias such as EP, USP and BP, there are some

for which the sample volume sepcified for the optical

rotation measurement is very small because they are

very precious. As one of the examples, the optical

rotation of pirarubicin ([α]D
20 : +195 ~ +215º (10 mg,

chloroform, 10 mL, 100 mm)) indicated in the JP 16th

Edition was measured with cells of diam. 2.5 mm x 100

mm cell and diam. 3.5 mm x 100 mm. The result shows

that even a tiny amount of sample can be measured

without any problem.

Sample preparation

10 mg of pirarubicin was accurately weighted and added

into a 10 mL measuring flask, dissolved with chloroform

and then diluted to 10 mL in total at 20ºC.

Measurement conditions

Instruments: P-2000 Polarimeter

PTC-262 Peltier thermostatted cell holder

Cells: Glass cells (size: diam. 2.5 mm x 100 mm, diam. 3.5

mm x 100 mm)

Light source/Wavelength: Deuterium lamp / D line

Measurement temperature: 20ºC

Diameter
Light Pathlenght

100mm

Light Pathlenght

50mm

10mm 9ml 5ml

3.5mm 1.6ml
1.4ml

(1ml)

2.5mm
1.4ml

(1ml)

-

-

The values in ( ) are the minimum sample volume 

required for the measurement

Figure 1. 2.5mm x 100mm cell

2.5mm x 100mm

glass cell

3.5mm x 100mm

glass cell

Description in JP

([α]D
20 (10mg, 10ml, 100mm)

Optical Rotation +0.2066° +0.2021° -

Specific Optical Rotation +206.6° +202.1° 195 ~ +215°

Measurement Results
59



Application P-0004

Measurement of optical rotation of pirarubicin

using sodium lamp and halogen lamp 

Introduction

An emission line of light source such as a sodium

lamp or a mercury lamp is usually used to measure

the optical rotation of pharmaceutical products.

However, the Japanese Pharmacopeia and the

European Pharmacopeia only mention the use of a

sodium lamp as the light source.

A polarimeter using a halogen lamp and a band pass

filter (BPF) can also be used, as mentioned in the

United States Pharmacopeia. However, the

measurement error from the transmission property,

that is the difference between the center wavelength

of the BPF and the wavelength of emission line,

cannot be avoided.

Herein, the optical rotation of pirarubicin was

measured using a sodium lamp and a halogen lamp,

and the measurement error between the results was

evaluated.

Sample preparation: 10.00 mg of pirarubicin was

dissolved in chloroform for final volume of 10 ml.

System

• J-815 CD Spectrometer

• ORDM-401 ORD attachment

Parameters

• Cell pathlength: 20 mm

• Temp.: 20ºC

• Bandwidth: 1 nm

• Data interval: 0.2 nm

• Response: 1 sec

• Scan speed: 100 nm/min

• Wavelength: 700-560 nm

• Accumulation: 1

Results

At first, absorption and ORD spectra of pirarubicin were

measured in the region of 700-560 nm to confirm the

wavelength dependence of the optical rotation (Figure

1). The absorbance increased sharply below 600 nm and

optical rotation increased gradually as a result of the

Cotton effect.

Figure 1 Absorption and ORD spectra of pirarubicin
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Application P-0004

Measurement of optical rotation of pirarubicin

using sodium lamp and halogen lamp 

Optical rotation measurement of pirarubicin

The transmission spectrum of a BPF and the

spectrum of the D-line of the sodium lamp,

overlapped with ORD spectrum are shown in Figure

2. It is apparent to see the significant change of the

specific rotation in the wavelength region within the

BPF.

Optical rotation

Sample preparation: Identical sample for ORD

measurement.

System

• P-2000 Polarimeter

• PTC-262 Peltier thermostated cell holder

•
Parameters

• Measurement temp.: 20ºC

• Cell pathlength: 100 mm

• Wavelength: 589 nm (D-line of sodium and

halogen lamp)

Results

Specific rotation of the same sample for the ORD

measurement was measured using the polarimeter.

When a sodium lamp is used as the light source, the

result was ([α]D
20 = +206.6 [deg·cm2·dag-1]. This value

falls within the range stated in the Japanese

Pharmacopeia. ([α]D
20 = +195 ~ +215 [deg·cm2·dag-1]) On

the other hand, when using a halogen lamp, the specific

rotation was just inside this range ([α]589
20 = +196.7

[deg·cm2·dag-1]). These two results clarify the difference

in the optical rotations measured at the same

wavelength (589 nm) with different lamps.

Figure 2 ORD spectrum of pirarubicin, sodium lamp 

emission line and the transmission spectrum of the BPF 

Ligh Source
Optical Rotation 

(deg)

Specific Rotation 

(deg·cm2·dag-1)

Sodium Lamp +0.2066 ([α]D
20 : +206.6

Halogen Lamp +0.1967 ([α]589
20 : +196.7
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DISCLAIMER

The contents of this publication are for reference and illustrative purposes only. Information, descriptions, and specifications in this document are subject to

change without notice and cannot be used from third parts for data comparison and/or performance comparison. JASCO assumes no responsibility and will not be

liable for any errors or omissions contained herein or for incidental, consequential damages or losses in connection with the furnishing, performance or use of this

material.


