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BIAcore 3000

Instrument housed in the Department of Biochemistry



Overview   BIAcore 3000

What can it do?
The BIAcore 3000 instrument integrates surface plasmon 

resonance (SPR) technology with a microfluidic system to 

monitor  molecular interactions in real time at concentrations

ranging from pM to mM. This powerful label-free technology

(no labeling of interactants is required!) can detect an

extremely wide range of molecular masses (180Da to whole

cells). 

The high sensitivity and high through-put capabilities allows

for the detection of drug-protein, hormone-protein, protein-

protein, DNA-protein, carbohydrate-protein, and lipid-protein

interactions. Also, the ability to interface with mass

spectrometers provides discovery-based research in 

proteomic studies.  



Overview   BIAcore 3000

How does it work?

BIA = Biomolecular Interaction Analysis

Solid phase ligand binding assay (chips)

Application examples

Practical considerations

Instrument (microfluidics/optical system)

Surface Plasmon Resonance (SPR)



Essential Components of the BIAcore 3000

Sensor chip with a biospecific surface where the

interaction takes place

Optical system responsible for the generation and 

detection of the SPR signal

Liquid handling system with precision pumps

Integrated microfluidic cartridge (IFC) for controlled

transport of samples to the sensor surface



Basic Principle (terminology)

A binding molecule (the ligand) is bound to the sensor surface

Another (the analyte) is passed over the surface and binds to it

>180Da

Solid phase ligand binding assay

ligand



Sensor Surface

– Direct coupling of ligand to surface.

– Indirect, via a capture molecule (eg, a specific IgG).

– Membrane anchoring, where the interacting ligand is on the 

surface of a captured liposome.



Sensor Chips

❖ Quantitative measurements of the binding interaction between 

one or more molecules are dependent on the immobilization of a 

target molecule to the sensor chip surface.

❖ The sensor chip consists of a glass surface, coated with a thin 

layer of gold. This forms the basis for a range of specialized 

surfaces designed to optimize the binding of a variety of molecules. 

Gold is chosen based on its chemical inertness and good SPR 

response.

❖ In the most widely used sensor chip, the gold surface is modified 

with a carboxymethylated dextran layer. This dextran hydrogel layer 

forms a hydrophilic, flexible environment for attached biomolecules, 

preserving them in a non-denatured state. A range of other 

derivatized surfaces is also available to enable various 

immobilization chemistries.

GLASS



Range of Sensor Chips

❖ Sensor Chip CM5 – for applications from basic research to 

quality control

❖ Sensor Chip SA – for capture of biotinylated peptides, 

proteins and DNA

❖ Sensor Chip NTA – for capture of ligands via metal chelation

❖ Sensor Chip HPA – for membrane biochemistry and the study 

of membrane associated receptors in a near native environment

❖ Pioneer Chips – as tools for users’ novel applications in 

terms of chemistry or binding specificity.

Numerous chemistries available to couple a ligand to a chip:



Sensor Chip  CM5

Allows covalent coupling via -NH2, -SH, -CHO & -COOH groups:

Carboxymethylated dextran coated surface

hydrophilic, flexible, net negative charge at pH>3.5

100 nm

Dextran = linear polymer of glucose, carboxymethylated to level of ~1 carboxyl group/glucose



CM5 Chip  Amine Coupling
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Amine coupling: most common method of coupling.  Surface is activated with 

a 1:1 mixture of NHS:EDC [N-hydroxysuccinimide:1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide], to give reactive succinimide esters.  The 

ligand (in a buffer below the pI of the ligand to give the ligand a net + charge) is 

passed over the surface and the esters react spontaneously with amino groups. 

Any free amine group can react with the surface.  



CM5 Chip  Thiol Coupling
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Thiol coupling: an active disulfide moiety can be introduced either on the 

dextran matrix or on the ligand molecule.  2-(2-pyrdinyldithio) ethaneamine 

(PDEA) can be used to introduce the active disulfide group. 



CM5 Chip  Aldehyde Coupling
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Aldehyde coupling: ligands containing aldehyde groups (either native or 

introduced by oxidation of cis-diols) can be immobilized after activating the 

surface with hydrazine or carbohydrazide.  Aldehyde coupling provides an 

alternative approach for immobilizing glycoproteins and other glycoconjugates.  

The method is particularly suitable for ligands containing sialic acid since these 

residues are very easily oxidized to aldehydes using sodium periodate. 
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CM5 Chip

Advantages:

Simple, straightforward coupling procedures

Chip is less expensive than other chips

Special “tags” on the ligand are not required

Disadvantages:

No control in the directionality of how the ligand

is coupled to the surface, resulting in a heterogeneous

surface

pH required for the chemistry may be 

deleterious to the ligand



Sensor Chip  SA

Streptavidin coated dextran surface

❖ Sensor Chip SA is designed to bind biotinylated molecules. 

❖ Streptavidin-biotin coupling provides an alternative to other ligand coupling methods e.g. 

covalent amine or thiol coupling, and is particularly valuable for applications in molecular 

biology where immobilization of nucleic acids through a 5'-biotin moiety is often the most 

practical approach.  Advantage of orienting the ligand molecules in a homogeneous way.

❖ Alternative:  couple streptavidin to CM5 chip via amine coupling



Sensor Chip  NTA

Binds His-tagged ligands to chelated nickel

❖ Attachment via a His-tag has also the  advantage of orienting the ligand 

molecules in a homogeneous way and allowing the attachment to be carried 

out without significantly changing the pH or ionic strength during the 

coupling procedure.

❖ Alternative approach used to capture His-tagged ligands: immobilize His-

specific antibodies to CM-5 chips via amine coupling.

(Nitrilotriacetic acid,  Qiagen)



Sensor Chip  HPA

Anchor membrane-bound ligands on a hydrophobic surface

❖ Gold film is covered with a flat layer of long-chain alkanethiol molecules presenting a 

hydrophobic surface suitable for adsorption of polar lipid monolayers.  Ligand 

molecules can by embedded in or associated with the lipid monolayer.



Pioneer Chips

•Pioneer Chip L1:   Surface coated with carboxymethyl dextran that is partially 

modified with lipophilic substituents, giving the surface amphiphilic properties

Facilitates the formation of lipid bilayers

•Pioneer Chip C1: Flat carboxylated surface with no dextran matrix, thereby 

lacking the hydrophilic character of the CM series of chips

•Pioneer Chip B1 (CM4): Similar to CM5 but has lower degree of carboxymethylation 

(~30% of CM5 chip), resulting in reduced immobilization capacity and also lower 

surface charge density.

Reduces non-specific binding of molecules which have a high positive charge, eg cell 

culture supernatants.

•Pioneer Chip F1 (CM3): Same molar carboxymethlyation level as CM5, 

but matrix has shorter dextran chains (50nm versus 100nm on CM5)

Reduces steric effects when working with large analytes (>1,000 kDa) 

such as cells and virus particles

•Pioneer Chip J1 (Au): Gold surface

Allows design of customized surface chemistry



Flow Cell

Surface is divided into 4 

channels, which can be 

used individually or in a 

number of combinations.

Volume of each flow cell = 0.02 l, dead volume between flow cells = 0.3 l

F1

F2

F3

F4

F1 & 2

F3 & 4

F1 - 3

F1 - 4

Reference 

subtractionflow path

2-1

4-3

2-1 & 4-3

2-1, 3-1, & 4-1
or

Essential to use one flow cell as a reference (subject to the same chemistries as

the flow cell which has your coupled ligand) in order to assess nonspecific versus

specific binding.  Signal obtained from reference flow cell is subtracted from signal

obtained from ligand-coupled flow cell → also corrects for bulk refractive index

changes, baseline drift, injection noise.



BIAcore 3000  Pumps

Flow rate =

5-100l/min

waste

sensor

chip

running

buffer

Hamilton syringes

Eluent pump Autosampler

pump



BIAcore 3000 Automated Sample Handling

w
a

s
te

needle

injection

port

Injection volume = 10 - 250l (5 - 325l)

Temperature range = 4 - 40oC

96-well microtiter plate also available

Water bath can be

used to warm or

cool aluminum 

blocks holding

analyte samples



Integrated Microfluidic Cartridge (IFC) 
Consists of a series of precision-cast channels in a hard polymer plate, forming

sample loops and flow channels for buffers and sample delivery.

Kinetics, refractive index, and

mass transport  are

temperature sensitive

Controlled by pneumatically-activated

diaphragm valves

Running buffer → filtered and degassed

Samples → centrifuged to eliminate

particulates

Critical Procedures



Optical System 

Resonance angle can be measured

accurately in real time, with no

physical movement of light source,

sensor chip, or detector

Monochromatic, plane-polarized light

Near-infrared (760nm)

light emitting diode

Optical system is on the

opposite side of the

coupled surface. 



What is Surface Plasmon Resonance (SPR)?

SPR was first described in 1959, commercial instruments became available ~10yr ago

High RI

Low RI

incoming

light

reflected

light

SPR is an optical phenomenon that stems from total internal reflection of plane-

polarized light at an interface between a metal film (gold) and a liquid phase. Total

internal reflection of light occurs when light traversing a medium of high refractive

index (glass prism) encounters an interface with a medium of lower refractive index

(aqueous environment). The resonance is a result of energy and momentum being

transformed from incident photons into surface plasmons, and is sensitive to the

refractive index of the medium on the opposite side of the gold film from the reflected

light. BIAcore measures binding as a change in the refractive index (RI) at the surface

of the sensor caused by accumulation of mass within the surface layer.



Total Internal Reflection

Incident angle ( ) < critical angle for TIR       

REFRACTION             





Incident angle ( ) > critical angle for TIR      

TOTAL INTERNAL REFLECTION             

Above a certain critical angle of incidence no light is refracted across the interface

(between two transparent media of different refractive index) and total internal

reflection (TIR) is observed.

Although the incident light is totally reflected, an electromagnetic field component

called an evanescent wave penetrates a short distance (~300nm) into the medium

of lower refractive index.

evanescent  wave



Plasmons



1
4

Free Electrons
Plasmons

If a thin gold film is placed on the reflecting surface, the photons can interact with

free electrons in the gold surface.

At a certain combination of angle of incidence and energy (wavelength), the incident

light (photons) excites plasmons (“electron charge density waves” or “collective

oscillations of free electrons”) in the gold film and an enhanced evanescent wave

is generated. A characteristic absorption of energy via the evanescent wave field

occurs and light is no longer reflected.



Resonance

Incident light vector = Surface plasmon vector

Mismatch: No resonance
Full Reflection

1
•

•
•
Gold surface

1

Angle

Incident light vector = Surface plasmon vector

Match: Resonance
Minimum Reflection

2•

•
•
Gold surface

2

Angle

This drop in the intensity of the reflected light occurs when the incident light vector

is equal to the surface plasmon vector. When this match or resonance occurs between

the incident light and plasmon waves traveling along the metal surface, energy is

transferred from photons to plasmons which yields a sharp minimum in the

reflectance; this phenomenon is known as SPR.



BIAcore measures the angle of minimum reflectance

Light is focused onto the sensor chip in a wedge-shaped beam giving a fixed range

of incident angles.  The SPR response is monitored by a fixed array of light-sensitive

diodes covering the whole wedge of reflected light. Computer interpolation routines

calculate the angle at which minimum reflection occurs (resonance angle) to a high

degree of accuracy.  The SPR signal is a direct measure of the angle of minimum

reflected intensity. The unit of SPR response (Resonance Unit, RU) is an arbitrary

unit so that 1 RU corresponds to a shift of angle of 0.0001o.



Accumulation of mass at the sensor surface 
changes the refractive index

This resonance effect is sensitive to the refractive index of the solution within the 

penetration distance of the evanescent field wave.  This distance is small (~300nm), so

that effectively SPR measures the refractive index at the surface of the sensor chip.

Changes in solute concentration at the surface of the sensor chip cause changes in 

the refractive index of the solution.  When a molecule is attached to the sensor chip or

when analyte binds to the chip, the solute concentration at the sensor chip surface 

increases leading a change in the SPR signal. The response measured is related to 

the mass of the analyte bound.  Refractive index contributions for different solutes are

additive, so that the amount of the molecule attached to the chip and the amount of

analyte bound can both be measured.

Since the light used in BIAcore is totally internally reflected inside the optical unit and

it is the evanescent wave that penetrates the sample, measurements may be made on

turbid solutions without interference from conventional light absorption or scattering

by the sample.



SPR Summary

• SPR (surface plasmon resonance) arises when light is reflected under certain 
conditions from a conducting film at the interface between two media of different 
refractive index.

• In BIAcore systems, the media are sample and glass of the sensor chip, and the 
conducting film is a thin layer of gold on the chip surface.  

• SPR causes a reduction in the intensity of reflected light at a specific angle of 
reflection.  This angle varies with the refractive index close to the surface on the 
side opposite from the reflected light (sample side).

• SPR response values are expressed in resonance units (RU).  One RU = 0.0001
o
.  

For most proteins this is about a change in concentration of 1pg/mm2 on the sensor 
surface or about 10g/ml in bulk protein concentration.



SPR Applications

• SPR (surface plasmon resonance) technology enables 
real-time detection and monitoring of biomolecular 
events and provides quantitative information on:

1. Specificity – how specific is the binding between two  
molecules?

2. Concentration – how much of a given molecule is present and 
active?

3. Kinetics – what is the rate of association/dissociation?         
Cooperativity/allosteric effects? Scatchard analysis.

4. Affinity – how strong is the binding?

5. Binding partners - provide identification of binding targets by 
linking SPR to mass spectrometry (proteomics)

❖Binding partners to the target can be captured from a complex mixture, in many cases, without prior 

purification (for example, clinical material, cell culture media) as they pass over the chip. 



Working range of BIAcore 3000

Concentration 1 mM to 10 pM

Kinetics

Association rate constant     ka = 103 to 107 M-1s-1

Dissociation rate constant    kd = 10-1 to 5 x 10-6 s-1

Affinity at equilibrium KD = 100 M to 200 pM.

BIAcore 3000 can detect up to 70,000 RU.  It is possible to obtain

accurate readings in the 1 to 10 RU range.



Sensorgram  (plot of RU versus time)



Applications - Specificity

ss/ds DNA competion GST-Etail 25nM 
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Flow analyte over immobilized ligand in the presence of increasing concentrations of

an inhibitor in order to determine Ki for that inhibitor.

compound #1

compound #2

Compound #2 is a

better inhibitor than

compound #1.



Applications - Concentration

Compare binding responses of unknowns to a set of standards 

Determine analyte concentration with high-capacity SPR surfaces



Applications - Binding Kinetics

association

ka

dissociation

kd

IGF-II receptor immobilized on chip.  Analyze various mutant forms of IGF-II (analyte) to

determine ka, kd, and KD.    KD = kd/ka



Applications - Scatchard Analysis

Useful to determine whether a homogenous binding site is present.  The detection of

low affinity and high affinity binding sites could be due to 1) multiple types of binding

sites within the same molecule, 2) a fraction of the population is inactive or has been

modified.  Can also be used to determine/confirm stoichiometry.

D103S low affinity binding site (>25nM)

RU
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biphasic plot of bound/free vs bound



Applications - Affinity (KD) at Equilibrium 
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Carbohydrate ligand immobilized on chip and increasing concentrations of receptor

(analyte) flowed over chip.  Standard assay using radioactive ligand was unable to 

determine KD due to limitations in specific activity of the ligand.



Applications – Epitope Mapping 

Epitope mapping refers to the characterization of the steric 

relationship between separate antigenic sites on a 

macromolecule as defined by monoclonal antibody (mAb) 

binding.  Unpurified mAbs in hybridoma culture supernatant can 

be used.

Pair-wise binding experiments test the ability of two probes to 

bind simultaneously to the same target, i.e., if the two probes can 

bind simultaneously, they are directed towards independent sites 

on the target.

Expt:  1) immobilize rabbit anti-mouse Fc on chip, 2) bind 1st

mAb, 3) bind excess unrelated Ab to block excess rabbit anti-

mouse Fc sites, 4) bind antigen, 5) bind 2nd mAb



Applications – Identity/Proteomics

What molecules interact?

Proteomics → “fishing” for partners

BIAcore 3000 system has a “Surface Prep Unit”

for increased sample recovery after binding to the chip.

The Surface Prep Unit provides access to a surface

area of 16mm2 on the chip which is a 3.3 times greater

surface area than the standard 4 flow cells.

Example: a defined ligand is immobilized on chip, 

flow cell lysate over chip, wash, elute, subject eluate to

mass spectrometry analyses



Practical Considerations



Using BIAcore 3000

• Stage One

– Choose ligand.

– Choose chip/immobilization method.

– Choose immobilization levels.

– Immobilize ligand.

– Generate a reference surface.



Using BIAcore 3000

Properties to consider when choosing ligand to immobilize:

1) Purity:  >95% pure for direct coupling

2) Functionality: immobilized ligand must remain functional

following coupling procedure and following regeneration

protocol.

3) Abundance:  immobilize limiting reagent on chip since much

less sample is needed to couple.  (ex. 300l of 5-20g/ml of protein)

4) Valency:  Couple multivalent molecule to chip.  Ex.  Antibody

(two binding sites) should be coupled to chip.  If antibody is 

used as the analyte, avidity issues complicate kinetic analysis.

5) Homogeneous



Immobilization Level

Low High

– Concentration

– Affinity

– Kinetics

– LMW binding

– Specificity



Immobilization Level – Kinetic Analysis

Overloaded surface causes nonideal binding (unfittable kinetic data) due to steric hindrance, 

aggregation, rebinding of substrate, and mass transport limitation: diffusion from bulk 

buffer to surface is slower than binding to immobilized substrate

– Solution: use reduced densities of ligand on surface. With low density surfaces total RU will be 

lower, higher s/n ratio, but with very large number of data points and simultaneous fitting to 

multiple concentrations, very precise values can still be obtained.  Coefficient for mass transport 

(Km) can be used to correct for mass transport effects.

Use low density surface (want bound analyte at Rmax <150RU) and high flow rates ( 30l/min)

mass transport



Attaching Ligand to Surface

The extent to which the chips are reusable

is dependent upon the stability and

maintenance of functionality of the

attached ligand.

“decaying surfaces”



Reference Surface

Examples of reference surface:
1) Blank surface:  activate and block

2) Capture surface alone (no ligand)

3) Similar but “different” ligand

non-specific molecule

inactive form of molecule (ideal reference!)

Why use a reference surface:
1) Correct for bulk refractive index changes (essential that

running buffer is the same as the buffer used to dilute analyte)

2) Correct for baseline drift

3) In conjunction with “double referencing” in which a blank

run (i.e.,no analyte) is also subtracted along with the reference

surface, corrects for instrument noise due to injections

4) Essential to prove the observed response is not due to

non-specific binding (addition of 0.005% surfactant P20 to buffers often eliminates

non-specific binding to chip surface)



• Stage Two

– Choose analyte (monovalent ideal).    Multivalent analytes significantly 

complicate the ability to determine accurate Ka and Kd values in kinetic analyses.

– Choose regeneration method (ligand must remain active).

- Choose type of analysis required.

Using BIAcore 3000

Often numerous regeneration methods must be evaluated to determine which one maintains an 

active surface AND effectively removes bound analyte. Examples of regeneration conditions include: 

acidic or alkaline pH conditions (10mM Glycine pH 3.5, Tris pH 8.5), use of a competitor (i.e., 10 

mM peptide). If off rate is fast, may not need to include a regeneration step, just wash surfaces until 

all of analyte dissociates from surface.

i.e., kinetic rate analysis, affinity analysis, etc.



• BIAControl.
– Controls the BIAcore instrument and records the sensorgram.

– “Wizards” are preset, automated programs that can be used for 
coupling, surface stability tests, etc.  Individuals can use Wizards 

or can write their own program.

• BIAEvaluation.
– Kinetic analysis of sensorgrams.

• BIASimulation.
– Allows simulation of various binding situations.

– Available at https://www.cytivalifesciences.com/en/us/about-
us/our-brands/biacore

Using BIAcore 3000   Software

https://www.cytivalifesciences.com/en/us/about-us/our-brands/biacore


• Surface Preparation ‘wizard’

Immobilizing ligand using defined conditions or to a preset target level.

Preparing reference surfaces for inline reference subtraction.

Testing analyte binding capacity and regeneration conditions.

• Kinetics analysis ‘wizard’

Analysis using captured ligand

Determination of kinetic parameters from analyte concentration series

Control experiments for mass transport, linked reactions and kinetic heterogeneity

• Manual operation

Manual setting of detection mode, flow path, flow rates, contact times, injection volumes

• Custom methods

– (eg. MICRORECOVER)

Software  - Types of Analysis



Useful Calculations

Rmax = (MWA/MWL) x RL x Sm

RL = Rmax (1/Sm)(MWL/MWA) 

Rmax = maximum capacity of surface

(MWA/MWL) = ratio of mass of analyte and ligand

RL = amount of ligand on surface

Sm = stoichiometry

RL = 100 RU (1/2)(150,000Da/25,000Da) = 300RU 

Rearrange equation:

Sample calculation:

Above calculation assumes 100% active analyte and ligand. Capture technique typically

retains 100% activity of bound ligand whereas direct coupling technique typically retains

50-80% activity of bound ligand, BUT this can be much lower (<5%).



Concentration of analyte on sensor surface

Calculation of molarity in CM5 matrix

Surface concentration = mass/unit area which can be transformed to mass/volume by

multiplying the unit area by the surface layer thickness

1000 RU = 1ng/mm2

1000 RU = 10mg/ml

If you have a protein of 10kDa, then the surface concentration is 1mM (reason

for concern of aggregation of analyte)

If you have a protein of 50kDa, then the surface concentration is 200M

Because the matrix volume is small (~120pL), 200M corresponds to only

about 24 femtomoles of molecules in the matrix volume. Although the concentration is

high, the absolute number of molecules is quite small.



Sensorgram plots  - relationship to kinetic parameters

For kinetic analysis, use a concentration range of analyte 

spanning 0.1 x KD to   10 x KD
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