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IMPORTANT: Please carefully read this manual before performing your experiment.

For Research Use Only. Not For Use In Diagnos edures



The enclosed kit is intended for research use only. The products are not intended for treatment and/or diagnosis 
of diseases. 

Intended Use 

How a therapeu c an body is metabolized in the body is per nently relevant to its efficacy. Therefore, 
pharmacokine tudy is an important part of the drug development.
PD-1 is probably the most targeted molecule in toda al industry, thanking to the clinical success of 
Keytruda and Opdivo. Many inve g onal a -PD-1 mAbs are being developed. There is a growing need for a 
standard assay that can be used to facilitate the study of their pharmacokine

The enclosed ELISA assay kit for an yme immunoassay (ELISA) 
between recombinant PD-1 protein (ECD) and the bio nylated a -PD-1 monoclonal an body. The method 
employs the principle of compe e ELISA, allowing qua fi on of the monoclonal a -PD-1 a bodies in 
mouse serum. 
The assay only involves the following steps:

Assay Principles

a) Coat the plate with human PD-1;
b) Add the mixture of your sample and the biotinylated anti-PD-1 antibody;
c) Add Streptavidin-HRP followed by TMB or other colorimetric HRP substrate;
d)  Record the OD readings and analyze the serum concentration.
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Advantages
● Wide coverage
  This kit has been tested for mul ple inves ga onal PD-1 an bodies, as well as the commercially available 
    Keytruda and Opdivo. There is no requirement for the species and subtype of the an .
● Easy process
     There is no longer a need to generate an or PK studies.
● Clean result
     The use of the bio nylated an body in the compe ve ELISA significantly alleviates the issue of 
     background noise issue tha en occurs in tr A method.

Tab.1 Materials Provided

Catalog                   Components            Size (96 tests)          Size (480 tests)                Format                      Storage

Human PD-1

Streptavidin-HRP

An

15 μg

10 μg

5 μg

30 μg

60 μg

10 μg

25 μg

30 μg

Powder

Powder

Powder

Powder

-20℃

-20℃

-20℃

-20℃, 
avoid light

Materials Provided

ylated an
PD-1 an

PK201-213

PK202-213

PK203-213

PK204-213



Tab. 2.1 Recons thod for 96 Tests

Catalog Components Size St

PK201-213

PK202-213

PK203-213

PK204-213

Recons
Buffer and Vol.

60 μL PBS

200 μL PBS

100 μL PBS

150 μL PBS

Human PD-1

Streptavidin-HRP

An

ylated an
PD-1 an

15 μg

10 μg

5 μg

30 μg

250 μg/mL

50 μg/mL

50 μg/mL

200 μg/mL

Tab. 2.2 Recons thod for 480 Tests

Catalog Components Size St

PK201-213

PK202-213

PK203-213

PK204-213

Recons
Buffer and Vol.

240 μL PBS

200 μL PBS

500 μL PBS

150 μL PBS

Human PD-1

Streptavidin-HRP

An

ylated an
PD-1 an

60 μg

10 μg

25 μg

30 μg

250 μg/mL

50 μg/mL

50 μg/mL

200 μg/mL

Recons
Recons e the provided lyophilized materials to stock solu ons with PBS as recommended in Tab.2.1 and Tab
2.2, solubilize for 15 to 30 minutes at room temperature with occasional gentle mixing. Avoid vigorous shaking 
or vortexing.
The recons ed st tored at -80℃. Avoid freeze-thaw cycles.
Note: Streptavidin-HRP st ected from light.
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Minimal Volume for Aliquot(s)
To avoid surface adsorp on loss and inactivation, the reconstituted protein must NOT be aliquoted to less than 10 μg 
per vial.

Shipping and Storage
All components are shipped in lyophilized state at room temperature. This product is stable after storage at:

1) Room temperature (RT) for 1 month in lyophilized state;
2) -20℃ for 1 year in lyophilized state;
3) -80℃ for 4 months under sterile c er recons
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Recommended Protocol (for 96 Tests)
1. Prepara
1.1.  Recons e and store all reagents as recommended.
1.2.   Use the Ther  to make 5×Standards(STDs) St  with mouse serum.

The 5×STDs Stock Solu on should include 0 μg/mL, 100 μg/mL, 50 μg/mL, 25 μg/mL, 12.5 μg/mL, 6.25 μg/mL,
3.125 μg/mL, 1.5625 μg/mL, 0.78125 μg/mL, 0.390625 μg/mL and 0.1953125 μg/mL of STDs respec vely and
stored frozen in single-use aliquots at -80°C un

1.3.  Use the Therapeu c An -PD-1 An body to make 5×Quality Controls(QCs) Stock Solu on with mouse serum.
The 5×QCs Stock Solu on should cover the qua fi on range of the standard curve (see below). Make

        independen om the an t g. include 25 μg/mL, 20 μg/mL, 5 μg/mL, 2 μg/mL
        and 0.78525 μg/mL of QCs) and stored frozen in single-use aliquots at -80°C un

  

 

 

   

 

 

  

 

      

 

 

  

 

  

 

   

  

 

  

  

   

Materials or Instruments Required But Not Supplied (for 96 Tests)
Coa  er  PBS (Phosphate Buffered Saline), pH7.4, 12 mL is sufficient.
Wash Buffer  PBS with 0.05% (v/v) Tween-20 (PBST), 500 mL is sufficient.
Blocking Buffer  Wash Buffer with 2% (w/v) bovine serum albumin (Sigma-Aldrich, Catalog # A4737), 35 mL is
sufficient.

  er  Wash Buffer with 0.5% (w/v) bovine serum albumin (Sigma-Aldrich, Catalog # A4737), 50 mL is
sufficient.
Substrate St  10 mg/mL TMB (Sigma-Aldrich, Catalog # 860336) in dimethyl sulfoxide (Sigma-Aldrich,
Catalog # D8418), 1 mL is sufficient.  Protect from light.
Substrat  er  50 mM disodium hydrogen phosphate (Na₂HPO₄) and 25 mM citric acid, adjust pH to
5.5 with 1 M sodium hydroxide (NaOH), 25 mL is sufficient.
TMB Substrate Working Solu  on
Dilute 250  μL substrate stock solu  on in 25 mL substrate dilu  on buffer and add 12  μL 5% H2O2  (pipe  e 10  μL
30% H2O2  into 50 μL dis  ater), mix well.

Notes:
1) The TMB Substrate W  es.
2)  If you choose to use other commercially available ready-to-use TMB substrate solu  ons, you should follow the 

manufacturer's ins

St  1 M sulfuric acid (aqueous), 6 mL is sufficient.
Ther  o be Analyzed  prepare by customer.
Serum Samples for Analyzed  prepare by customer.
Mouse Serum  Pre-dosed ther  equal amount of male and female serum as dilu  on
matrix.
High Binding Surface 96-well Microplate, Clear Fla  om  (Corning, Catalog # 42592)
Microplate Sealing Film  (Sigma-Aldrich, Catalog # 28416050)
Pipe  es and Pipe  e Tips
UV/Vis Microplate Spectrophotometer  (absorbance 450 nm, corr  avelength set to 600 nm)

Note:  Pilot experiment may be required to es  e the range of an  oncen



1.4.  Use the provided A -PD-1 A body as a reference if you need; dilute the a body with mouse serum as 
        recommended in 1.2.
2. Coa
2.1.  Dilute human PD-1 Stock Solu on (250 μg/mL) to 1 μg/mL with Coa ng Buffer to make human PD-1
        W .
2.2.  Please leave a couple of wells uncoated for STD-1 (No-Coa ng) and Only 10% Serum (No-Coa ng), 
        r ely (Fig.1).
2.3.  Add 100 μL of human PD-1 Working Solu on (1 μg/mL) to each well, seal the plate with microplate sealing 
        film and incubate overnight (or 16 hours) at 4℃. 
3. Washing
Remove the r y aspir on, add 300 μL of Wash buffer to each well, gently tap the plate for 1 
minute, remove any remaining Wash Buffer by aspira r deca ng, invert the plate and blot it against paper 
towels. Repeat the wash step above for thr
4. Blocking
Add 300 μL Blocking Buffer to each well at 37℃ for 1.5 hours.
5. Washing
Repeat step 3. At mean ou can start to prepare your samples.
6. Add Samples
6.1. Dilute the ylated An  (50 μg/mL) to 0.02 μg/mL with Dilu on Buffer to

make ylated An .
6.2. Dilute 5×STDs and 5×QCs with Dilu on Buffer, then mixed with same volume Bio nylated An -PD-1

An . (For example: 22 μL 5×STDs + 88 μL er +110 μL Bio nylated A -
PD-1 An  ).

6.3. Dilute pa t Samples with same volume ylated An .
6.4. For STD-1 (No-Co ng), dilute 5×STD-1 (100 μg/mL) with Dilu on Buffer, then mixed with same volume

Bio nylated A -PD-1 A body Working Solu on (For example: 22 μL 5×STD-1 + 88 μL Dilu on Buffer
+110 μL ylated An ). Add 100 μL mixer to the wells.

6.5. For Only 10% Serum (No-Coa  and Only 10% Serum (Coa ng), please add 100 μL Dilu on Buffer with 10%
Mouse Serum (Fig. 1).

6.6. For er (Coa , please add 100 μL er (Fig. 1).
6.7. For all other wells, add 100 μL mixed STDs, QCs and Samples r ely, seal the plate with microplate

sealing film and incubate at 37℃ for 1 hour.
7. Washing

Repeat step 3.
8. Streptavidin-HRP Conjuga
8.1. Dilute Streptavidin-HRP St  (50 μg/mL) to 0.1 μg/mL with er to make Streptavidin-
        HRP W .
8.2.For all wells, add 100 μL Streptavidin-HRP W , seal the plate with microplate sealing film and 
        incubate at 37℃ for 1 hour, avoid light.
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9. Washing
Repeat step 3.

10. TMB Substrate R
Add 200 μL TMB Substrate W  to each well. Incubated 37℃ for 20 minutes, avoid light.

11. Termina
        Add 50 μL St  to each well, and tap the plate gently for 3 minutes to allow thorough mixing.
Note: The color in the wells should change from blue to yellow.
12. Data Recording

Read the absorbance at 450 nm using UV/Vis microplate spectrophotometer.
Note: The plate may be read at 600 nm without adding 1M sulfuric acid, but the Signal-to-Back ed.

Fig.1 Plate Layout

1 2 3 4 5 6 9 10 11 127 8

A

B

C

D
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H

Only 10% Serum

Buffer

STD-0 STD-1 STD-2 STD-3 STD-4 STD-5 STD-6 STD-7 STD-8 STD-9 STD-10 STD-1 

STD-0 STD-1 STD-2 STD-3 STD-4 STD-5 STD-6 STD-7 STD-8 STD-9 STD-10 STD-1 

QC-1 QC-2 QC-3 QC-4 QC-5 S1 S2 S3 S4 S5 S6

Buffer

Only 10% Serum

Only 10% Serum

Only 10% SerumQC-1 QC-2 QC-3 QC-4 QC-5 S1 S2 S3 S4 S5 S6

S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17

S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17

S18 S19 S20 S21 S22 S23 S24 S25 S26 S27 S28

S18 S19 S20 S21 S22 S23 S24 S25 S26 S27 S28
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Tab.3 Assay Protocol

Steps Code Steps Reagents & 
Instruments

R e a c o n Samples/
STDs/QCs

STD-1 (No-
Coa

Only 10% 
Serum (No-
Coa

Buffer 
(Coa

Only 10% 
Serum
(Coa

1 Prepara N/A N/A N/A N/A N/A N/A N/A

2 Coa Human PD-1 
w

4℃ for 
overnight

100 μL 100 μL 100 μL- -

3 Washing Wash Buffer Wash for 3 300 μL 300 μL 300 μL 300 μL 300 μL

4 Blocking Blocking Buffer 37℃ for 
1.5 hours

300 μL 300 μL 300 μL 300 μL 300 μL

100 μL- - - -Wash for 3 Wash BufferWashing5

6 Add Samples
Mixed samples/ 
Mixed 1×STDs/ 
Mixed 1×QCs

Mixed 1×STD-1

10% Serum

er

-

-

-

-

100 μL

-

- -

- - -100 μL

-

100 μL 100 μL- - -

100 μL- -- -

7 Washing Wash Buffer Wash for 3 300 μL 300 μL 300 μL 300 μL 300 μL

8

9

10

Streptavidin
-HRP Labeling

Streptavidin
-HRP Working 37℃ for 

1 hour
100 μL 100 μL 100 μL 100 μL 100 μL

Washing Wash Buffer Wash for 3 300 μL 300 μL 300 μL 300 μL 300 μL

11

TMB Substrate 
R

TMB Substrate 
W

37℃ for 
20 minutes

200 μL 200 μL 200 μL 200 μL 200 μL

12

Termina

Data Recording

St

UV/Vis 
spectrophotometer Measure absorbance at 450 nm

Mix by gentle 
tapping for 3 

minutes
50 μL 50 μL 50 μL 50 μL 50 μL

Note: It is recommended that all samples, controls and standards should be done in duplicates. 

Method Verifica
● ylated An sence of Compe ors

Immobilized human PD-1 Protein at 1 μg/mL (100 μL/well) can bind the ylated An  with a
linear range of 0.3-5 ng/mL when detected by Streptavidin-HRP. Background was subtracted from data points
before curv

6/9

US and Canada:    
Asia and Pacific:    

Europe:

Tel: +1 800-810-0813 Fax: +1 888-377-6111
Tel: +86 400-685-2052              Fax: +86 10-5885-0566
Tel: +44 208-123-6158              Fax: +44 203-355-6110

Web: h p://www.acrobiosystems.com

E-mail: order@acrobiosystems.com



Sample Con. (μg/ml)

0.1

0.05

0.025

0.0125

0.00625

0.003125

0.0015625

0.00078125

0.000390625

0.0001953125

Blank

Mean Abs (OD450)

2.698

2.665

2.621

2.616

2.152

1.269

0.648

0.341

0.160

0.088

0.070 

● ylated An y An An
     Serial dilu ons of an An -PD-1 An body (Catalog # PK204-213) (1:2 serial dilu ons, from 20 μg/mL to 
     0.039 μg/mL) was added into PD-1: Bio nylated An -PD-1 An body binding reac ons. The assay was 
     performed according to the above described protocol. Background was subtracted from data points prior to log 
     transforma v

Fig.3 Inhibi on of PD-1: bio nylated an -PD-1 
an body binding by an an -PD-1 an body.

 The lowest detectable level that can be dis om the zero standard is 0.15625 μg/mL.
Det e：0.15625-5 μg/ml.
Precision: 
Intra-assay CV: <20% for both calibr on and QC points range 5- 0.15625 μg/mL for test run. Relax to CV < 25% 
and RE < 25% at the LLOQ (lower limit of quan a OQ (upper limit of quan a on); for QC samples 
at high/low end use the same < 25% rule. 
Inter-assay CV: < 20% for both calibra nd QC points range 5- 0.15625 μg/mL for test run. Relax to CV < 25% 
and RE < 25% at the LLOQ (lower limit of quan a OQ (upper limit of quan a n); for QC samples 
at high/low end use the same < 25% rule.
Recovery: Recovery rate was found to be between 80-120% with normal mouse serum samples with known 
concentra
Note: All final data should be within the det

Fig.2 ylated an o 
immobiliz .
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●   Quan a e Analysis of An An
     Ther (1:2 serial dilu ons, from 20 μg/mL to 0.039 μg/mL) was 
     added into ylated An  binding r ssay was performed according to the 

Tr
In case of a failed experiment, please check the expira tes and status of the individual reagents, and make 
sure that all reagents have been recon tuted and stored as recommended. In addi on, please make sure that 
all equipments ar operly.
Below is a list of common pr t may help solve the problems and improve your results.
If you have any ques ontact our technical support team at:TechSupport@acrobiosystems.com 

Tab. 4 Troubleshoo ng Guide

Problem Possible Cause Solu ons

High background

Insufficient washing or blocking

Be sure the blocking step is performed.

- Increase number of washes and the volume 
   Wash Buffer used.
 - Increase Tween-20 concentra o 0.1% in 
   Wash Buffer.
- Make sure Streptavidin-HRP is diluted in 
   Blocking Buffer.

- Run a nega e control assay with the 
   solvent alone.
- Maintain DMSO level at <1%. Increase 
   protein incuba

Sample solvent cont actors
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Fig.4  Quan ta ve analysis five different therapeu c an -PD-1 an body in mouse serum samples.

     above described protocol. Background was subtracted from data points prior to log transform on and curve 



Tab. 4 Troubleshoo ng Guide (Con nued)

Problem Possible Cause Solu ons

- Make sure buffers and samples are prepared, 
used and stored correctly.Contamina

- TMB Substrate W t be 
used within 15 minut er prepara

The TMB Substrate W
fresh

- Make sur ors ar
pr

or if possible.
- Use master mixes to minimize errors.
- Run duplicates for all tests.

Inconsisten

- Make sure that TMB Substrate Working 
tely mixed with the 

r

TMB Substrate W
completely mixed with the r

- Tap plate gently to disperse bubbles.Bubbles in the wells

- The concentra
be adjusted to achiev eading.

- Increase colorimetric HRP substrate 
incuba

Signal is too low

Colorimetric signal is erra

- Make sure your proteins are aliquoted 
into single-use aliquots.

- Incr ease 
   the protein concentra y help in case 
   the prot eased ov

- Please check instrumenErrors in instrumen

Human PD-1, human an , or
Streptavidin - HRP may have los

- Make sure the Substrate St
working.

- Use proper incuba emperature.

- Make sure the sample mixed sufficient 
before add to the plate

- Make sure tha e is calibrated andors

Insufficient mix

Substrate St dated;
Incuba emperature is incorrect;
Incuba t

econtrol is weak or
abnormal

Incomplete removal of residual buffers 
during previous steps

- W er aspira

- Color should appear immediat er the 
reagent is added. Make sure no contamina
or residual buffers in the wells before you start 
the color development process.

Problems with conjugate or color 
reagents

Inadequate colorDevelopment
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