
ance or if the wells are not round. A crystalline appearance 
indicates the agarose has been frozen.

2.		Tris-tricine	Buffer	(Cat.	No.	5358)
	 	Ingredients: When diluted, the buffer contains 0.081 M Tris 

and 0.024 M tricine.
	 	WARNING:	 FOR	 IN-VITRO	 DIAGNOSTIC	 USE.	 DO	 NOT	

INGEST.
	 	Preparation	 for	Use: Dilute one package of buffer to 1000 

mL with deionized water. The buffer is ready for use when all 
material is completely dissolved.

 	Storage	and	Stability: The packaged buffer should be stored 
at room temperature (15 to 30°C) and is stable until the expi-
ration date on the package. Diluted buffer is stable for two (2) 
months stored at 15 to 30°C.

 	Signs	of	Deterioration: Discard packaged buffer if the mate-
rial shows signs of dampness or discoloration. Discard diluted 
buffer if it becomes turbid.

3.		Rocket	Stain	(Cat.	No.	5360)
	 Ingredients: Rocket Stain is Coomassie Brilliant Blue stain.
	 FOR	IN-VITRO	DIAGNOSTIC	USE.	DO	NOT	INGEST.
	 	Preparation	for	Use: Dissolve the contents of the vial in 450 

mL deionized water, 450 mL methanol and 100 mL acetic 
acid. Mix thoroughly and filter before use if necessary.

  Storage	and	Stability: The stain should be stored at 15 to 
30°C and is stable until the expiration date indicated on the 
package.

  Signs	 of	 Deterioration: If methanol evaporation occurs, a 
metallic sheen will be visible on the stain surface. Discard 
the stain if it does not adequately stain protein rockets as 
described in this procedure.

4.	Specialty	Assayed	Reference	Plasma	(Cat.	No.	5185)
	 	Ingredients: S.A.R.P. is prepared from a frozen pool of 

citrated plasma from healthy donors. The pool is buffered and 
lyophilized to ensure stability of all plasma constituents.

  WARNING:	FOR	IN-VITRO	DIAGNOSTIC	USE	ONLY. 
  S.A.R.P. has been found negative for Hepatitis B Antigen 

(HBsAg) and HIV antibody; however, it should be handled 
with the same precautions as with any human sample. Avoid 
ingestion.

	 	Preparation	 for	 Use: Reconstitute S.A.R.P. with 1.0 mL of 
deionized water. Swirl gently. Allow approximately 10 minutes 
for complete dissolution before use.

  Storage	and	Stability: Lyophilized S.A.R.P. is stable until the 
expiration date indicated on the vial when stored at 2 to 8°C. 
The reconstituted product is stable for four hours, and should 
be kept at 2 to 8°C during testing.

  Signs	 of	 Deterioration: Unreconstituted S.A.R.P. should 
appear as a light yellow, dry plug.

5.	Free	Protein	S	Reagent	(Cat.	No.	5363)
	 Ingredients: 25% Polyethylene glycol
	 	WARNING:	 FOR	 IN-VITRO	 DIAGNOSTIC	 USE.	 DO	 NOT	

INGEST.
	 	Preparation	for	Use: The reagent is ready for use as pack-

aged.
	 	Storage	and	Stability: The reagent should be stored at 2 to 

8°C and is stable until the expiration date on the label.
	 	Signs	of	Deterioration: Discard the reagent if it shows any 

signs of  microbial contamination.
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PROTEIN	S	ANTIGEN
ROCKET	EIA	SYSTEM

	 	 	 	 Cat.	No.
Protein	S	Antigen	Rocket	Kit 5359
 Protein S Antigen Rocket Plates (5 plates/box)
 Helena Rocket Ruler
 Rocket Antigen Report Form
 Free Protein S Reagent 5363
 Tris-tricine Buffer (10 pkgs/box)  5358
 Coagulation S.A.R.P. (10 x 1.0 mL)  5185
 Rocket Stain 5360
 Titan Blotter Pads (100/pkg)  5037
 Specialty Assayed Control-1 5301
 TITAN GEL Chamber 4063  
 Microdispenser and Tubes (10 µL)  6210, 6211
 Development Weight  5014
 Staining Dish 4061

For Sales, Technical and Order Information, and Service 
Assistance, call 800-231-5663 toll free.

Helena Laboratories warrants its products to meet our published specifications and to be free from 
defects in materials and workmanship. Helena’s liability under this contract or otherwise shall be 
limited to replacement or refund of any amount not to exceed the purchase price attributable to the 
goods as to which such claim is made. These alternatives shall be buyer’s exclusive remedies.
In no case will Helena Laboratories be liable for consequential damages even if Helena has been 
advised as to the possibility of such damages.
The foregoing warranties are in lieu of all warranties expressed or implied including, but not limited 
to, the implied warranties of merchantability and fitness for a particular purpose.

The Protein S procedure is used to determine the concentration 
of Protein S in human plasma as a free protein and as a complex 
with complement component C-4 binding protein (C4bp) using 
Laurell rocket electrophoresis.1, 2

SUMMARY
Protein S is a vitamin K dependent plasma protein that acts as  
a potent cofactor for activated Protein C. In the coagulation pro-
cess, it inhibits thrombin formation forming Factors V and VIII:C. 
Abnormally low Protein S levels are found in congenital Protein 
S deficiency,3-6 liver disorders and oral anticoagulant patients.
The complexity of Protein S is illustrated by the formation of 
a dynamic equilibrium with C4b - binding protein. C4b - BP can 
be found in plasma in two different forms.4, 5 The first is a low 
molecular weight form which exhibits no affinity for Protein S. 
The second is a high molecular weight form which can bind 
Protein S in a 1:1 complex.
Free Protein S represents about 40% (10 mg/L) of total Protein 
S. It acts as the carrier for anticoagulant activity and as the 
cofactor for activated Protein C.
The C4b - BP bound Protein S normally represents about 60% (15  
mg/L) of total Protein S and does not have any anticoagulant 
activity. 

PRINCIPLES	OF	PROCEDURE
The Helena Protein S Rocket EIA Procedure is performed in a 
1% agarose gel medium containing an antiserum specific for 
Protein S. After the plasma specimens are applied to the wells 
in the agarose, electrophoresis is used to migrate the proteins 
into the antibody field. A rocket-shaped precipitin pattern forms 
along the axis of migration. The length of this rocket pattern is 
proportional to the antigen concentration.
Studies done by Dahlback7 showed that the addition of PEG 
to the plasma would precipitate the C4b - BP complex but not 
the free Protein S. The Free Protein S Reagent resolves the 
free from the bound Protein S and thus allows for correlation 
between functional Protein S activity and immunologic levels of 
free Protein S.

REAGENTS
1.	Protein	S	Antigen	Rocket	Plates	(Cat.	No.	5359)
	 	Ingredients: Each plate contains sheep or goat antibody to 

human Protein S incorporated into agarose in Tris-tricine buf-
fer. The plates contain sodium azide as a preservative.

	 WARNING:	FOR	IN-VITRO	DIAGNOSTIC		USE	ONLY
  To prevent the formation of toxic vapors, sodium azide should 

not be mixed with acidic solutions. When discarding reagents 
containing sodium azide, always flush sink with copious 
quantities of water. This will prevent the formation of metallic 
azides which, when highly concentrated in metal plumbing, 
are highly explosive. In addition to purging pipes with water, 
plumbing should occasionally be decontaminated with 10% 
NaOH.

  Preparation	 for	Use: To prepare for use, remove the plate 
from the protective packaging and allow 5-10 minutes for the 
agarose to reach room temperature.

  Storage	 and	 Stability: Rocket Plates must be stored at 2 
to 8°C and maintained in moist condition within the bag. DO 
NOT FREEZE. The plates are stable until the expiration date 
indicated on the package.

  Signs	 of	 Deterioration: Discard the plate if dry in appear-

TROUBLESHOOTING	
 1.  When applying the samples to the plate wells, do not allow 

the pipette tip to touch the sides of the wells.
 2.  Do not overdry plate. Overdrying will cause the plate to 

peel.

PERFORMANCE	CHARACTERISTICS	
PRECISION
Within Run: Within  run studies were done with a control material 
used in replicate on one plate. 
             Total S        Free S
    X = 98.1% 50.8% 
    SD = 2.8 2.7
    CV% =  2.3% 5.2%
    n = 8  5
Between Run: Studies were done with a control material used in 
replicate on six plates. 
            Total S        Free S
    X = 98.4% 52.2%
    SD = 2.8 3.5
    CV% = 5.6% 6.7%
    n = 18 15

COMPARISON
Correlation studies were done using the Helena Protein S system 
and a reference method. The specimens used met the same 
criteria as those for the normal range study. The following data 
was derived.
  Total S Free S
n = 49  31 Y = Helena Protein S
Y = 0.917X + 6.975 0.981X + 0.498 X = Reference Method
r = 0.849 0.906

SENSITIVITY
Sensitivity for this procedure is expressed in relative percentages 
compared to a pool of normal plasma, such as S.A.R.P. Patient 
values greater than the highest value on the normal standard 
curve must be diluted and retested. The sensitivity threshold for 
the Helena Protein S Kit is 6% of the normal human level.

SPECIFICITY
Specificity was done on known Protein S deficient plasmas and 
verified using a Double Diffusion (Ouchterlony) plate and various 
dilutions of antisera associated with coagulation proteins. The 
Helena Protein S Kit utilizes goat antihuman Protein S in opti-
mum concentrations.
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Biochem, 15:45-52, 1966.
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SPECIMEN	COLLECTION	AND	HANDLING
Specimen: Plasma from whole blood collected in sodium citrate 
as an anticoagulant.
Specimen	 Preparation: Collect the blood specimen in either 
3.2% (0.109M) or 3.8% (0.129M) sodium citrate. Add nine parts 
whole blood to one part sodium citrate solution. Centrifuge the 
blood sample immediately after collection at 1000 x G for 10 
minutes. Store the plasma at 2 to 8°C until testing is performed. 
Plasma stored at 2 to 8°C must be tested within four hours after 
sample collection. Plasma is stable at -20°C for one month. 
Plastic tubes must be used for storage and testing.

PROCEDURE
Materials	Provided:	 Cat.	No.
Protein S Antigen Rocket Kit 5359
  Protein S Antigen Rocket Plates (5 plates/box)  
  Protein S Antigen Report Form (1 form/box)
  Helena Rocket Ruler
Materials	Provided	by	Helena,	but	not	Contained	in	the	Kit:
Free Protein S Reagent (5 x 2 mL) 5363
Tris-tricine Buffer (10 pkgs/box)  5358
Coagulation S.A.R.P. (10 x 1.0 mL) 5185
Specialty Assayed Control-1 (10 x 1 mL)  5301
Rocket Stain 5360
Titan Blotter Pads (100/pkg)  5037
TITAN GEL Chamber 4063
Microdispenser and Tubes (10 mL) 6210, 6211
Development Weight 5014
Staining Dish 4061
Materials	and	Equipment	Needed	but	not	Provided:
Lint-free tissues
0.85% Saline
Destaining solution: Thoroughly mix 350 mL water, 20 mL  meth-        
anol, 30 mL glacial acetic acid.

	 SUMMARY	OF	CONDITIONS
 Buffer  .......................................Tris-tricine diluted to 1000 mL
 Sample Volume  ............................................................. 10 mL
 Electrophoresis Time  ................................................. 3 hours
 Amperage  ................................16 mA/plate constant current
 Staining Time  ........................................................20 minutes

STEP-BY-STEP		METHOD
I.	 Free	Protein	S	Determination
	 A.	Sample	Pretreatment
  1.  All samples, including standard material and controls, 

must be pretreated by adding 15 mL of Free Protein S 
Reagent to 85 mL of plasma. These volumes may be 
altered, but the ratio should remain the same. DO NOT 
dilute the patient and control samples before pretreat-
ment.

  2. Vortex each specimen and place on ice for 30 minutes.
  3.  Centrifuge each specimen at a minimum of 1000 X G 

for 10 minutes. Reserve the supernatant for standard 
dilutions and patient dilutions.

	 B.	Standard	Curve	Preparation	
  1.  To make the standard curve, dilute the standard material 

supernatant with 0.85% saline according to the following 
instructions. 

	 	 	 	 Nominal
	 	 	 	 Percent	 	 Parts	 Parts
	 	 	 	 Activity	 Dilution	 S.A.R.P.	 0.85%Saline
    100%             Use reconstituted S.A.R.P. undiluted
    50% 1:2 1 1
    25% 1:4 1 3
  2. Continue the procedure with Step II.B.

II.		Total	Protein	S	Determination
	 A.	Preparation	of	Standards	and	Test	Plasmas
  1.  Reconstitute one vial of S.A.R.P. with 1.0 mL deionized 

water. Make dilutions for preparation of the Standard 
Curve as follows:

	 	 	 Nominal
	 	 	 Percent	 	 Parts	 Parts
	 	 	 Activity	 Dilution	 S.A.R.P.	 0.85%Saline
   50%  1:2 1 1
   25%  1:4 1 3
   12.5% 1:8 1 7
  2.  Dilute each patient sample with 0.85% saline. Prepare 

a 1:2 dilution (1 part patient sample and 1 part saline) 
and a 1:4 dilution (1 part patient plasma and 3 parts 
saline). Additional dilutions may be necessary depend-
ing on the patient history. Suspected abnormal samples 
may need to be tested undiluted.

	 B.	Preparation	of	Chamber
  1.  Pour 65 mL Tris-tricine buffer into each inner section of 

the TITAN GEL Chamber.
	 C.	Application	of	Samples
  1.  Remove the plate from the refrigerator. Remove the 

plastic lid and allow approximately 5 to 20 minutes for 
the plate to reach room tempera-
ture and for excess moisture to 
be absorbed. Remove excess 
buffer from the wells, if neces-
sary. Excess moisture on the 
plate can result in poor rockets.

  2.  Apply 10 mL of each patient 
sample or dilution to the des-
ignated wells taking care not 
to damage the wells. Standard 
curve samples must be run on each plate. Duplicate 
applications of patient samples are advisable.

  3.  Allow five (5) minutes for specimens to diffuse into the 
agarose.

	 D.	Electrophoresis
  1.  Place the gel into the 

inner section of the cham-
ber, agarose side down, 
by gently squeezing the 
gel into place. Position the 
gel(s) so that the edges of 
the agar are in the buffer and the wells are toward the 
cathode (-) side of the chamber.

  2.  Place cover on the chamber. Electrophorese the plates 
at a constant current of 16 mA per plate for 3 hours.

  3.  At the end of 3 hours, remove the plates from the cham-
ber. Discard the chamber buffer after each run.

	 E.	Staining	Procedure
  1.  Rinse the plate with deionized water and wash it in 

0.85% saline overnight.
  2.  After the overnight wash, rinse the plate with deionized 

water.
  3.  Place the plate on a flat surface, agarose side up. 

Cover the agarose with a single, lint-free tissue.
  4.  Place 2-3 Blotter Pads and a Development Weight on 

the plate for fifteen (15) minutes.
  5. Remove the Development Weight, blotters and tissue.
  6.  Dry the plate in a laboratory drying oven at 60 to 70°C 

for 10 to 20 minutes. Do not over dry plates. The plate 
will be transparent when completely dry. If a dryer/oven 
is not available, the plates may be covered with wet 
lint-free tissues and allowed to dry at room temperature 
overnight or under a fan for 3 hours at room tempera-
ture as climate requires.

  7.  When completely dry, stain the plate by immersing it in 
Rocket Stain for 5 minutes.

  8.  Prepare the destaining solution by mixing together:
    350 mL deionized water
    20 mL methanol
    30 mL glacial acetic acid
  9.  Destain the plate by placing in Destaining Solution until 

the background clears sufficiently to easily distinguish 
rocket peaks. The background will still be bluish purple. 
If a clearer background is desired, the plate can be 
transferred to fresh destain after 30 minutes and left 
in the destain overnight. If over destaining does occur, 
repeat Step E.7 and stain the rockets again.

  10.  Remove the plate from the Destaining Solution and 
rinse briefly in deionized water.

  11.  Dry the plates at 37°C for 5 minutes or at room tem-
perature until dry.

	 F.	 Measurements	and	Calculations
  1.  Place the plate on a light box or a piece of white paper 

for easier viewing of the rockets. Mark the apex of each 
rocket peak.

  2.  Using the Helena Rocket Ruler, measure the length of 
each peak in millimeters. The peak is measured from 
the top of each well to the apex of the rocket.

  3.  Plot the percent activity of the standard curve versus 
each rocket height on the Rocket Antigen Report Form 
or on 3 cycle semi-logarithmic paper. Draw the line of 
best fit for the standard  points.

  4.  See Figures 1 and 2 for an example of a completed 
Rocket Plate and a standard curve drawn on a Rocket 
Antigen Report Form.

Figure	1: Rocket patterns on a Protein S Antigen Rocket Plate. 
The lengths of the rockets (in millimeters) of the standard dilu-
tions are used to prepare the standard curve. Patient results are 
read from the curve.

Figure	2: Representative standard curve prepared with S.A.R.P. 
on 3 cycle semi-logarithmic paper.

  5.  Read the patient values from the standard curve and 
multiply each by the appropriate dilution factor. If 
S.A.R.P. is used to prepare the standard curve, the 
patient value read from that curve must be multiplied by 
the assigned Protein Antigen value of the appropriate lot 
number of S.A.R.P.  as well as the dilution factor.

   Example:
    Patient value from curve = 30%
    Dilution factor = 2
    S.A.R.P. assigned value = 98%
    Actual Patient Factor
       Protein S Antigen = 30% x 2 x 0.98 = 58.8%
  6.  Patient samples with Protein S Antigen levels greater 

than the range of the standard curve, must be reassayed 
using the appropriate dilutions.

Quality	Control
A control material of known concentration, such as Specialty 
Assayed Control-1 (Cat. No. 5301) should be used on each 
run to verify all phases of the procedure. If the control does not 
perform as expected, the patient results should be considered 
invalid or suspect.

REFERENCE	VALUES
Protein S antigen values are usually expressed in relative per-
centages compared to a pooled normal plasma standard. 
Total	Protein	S: The normal range study consisted of fifty (50) 
normal healthy adults, 25 males & 25 females. There has been 
no indication of any difference in Protein S antigen range levels 
between healthy males & females. The expected normal range 
for Protein S antigen run by rocket electrophoresis was 60-
150%.
These specimens were from donors meeting the following cri-
teria:
 • age - 18 to 65 years old
 • good health; no surgery within 6 months
 • normal hemoglobin, hematocrit and temperature
 • no medication, i.e., antibiotics
Free	Protein	S: Normal free Protein S levels established by this 
method have been reported from 57% to 120%.5 Helena tested 
31 plasmas and determined an actual range of specimen con-
centration from 42% to 147%.
Each laboratory should establish its own normal for this proce-
dure and be aware that there currently is no accepted interna-
tional standard for Protein S antigen.

RESULTS
All decreases in Protein S, whether congenital or acquired, 
cause an increase in the risk of thrombo-embolism. Recurrent 
thrombotic episodes occur due to a decrease of anticoagulant 
potential.3-6

Protein S levels are decreased in
 • Protein S congenital deficiency3-6

  -  type I, indicated by a decrease in the anticoagulant activ-
ity (free Protein S) and a normal to slightly decreased 
antigen level.

  -  type II, indicated by a significant decrease in both the 
activity and antigen levels of Protein S.

 • Hepatic disorders
 • Oral anticoagulant therapy

LIMITATIONS
Heparin samples with levels up to 10 IU/mL do not affect the 
results of the Helena Protein S antigen assay. Patients on oral 
anticoagulant therapy do show marked decreases in the protein 
S antigen level. The free Protein S level does not affect the 
measurement of total Protein S. No other substances have been 
found to interfere with this procedure.
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SPECIMEN	COLLECTION	AND	HANDLING
Specimen: Plasma from whole blood collected in sodium citrate 
as an anticoagulant.
Specimen	 Preparation: Collect the blood specimen in either 
3.2% (0.109M) or 3.8% (0.129M) sodium citrate. Add nine parts 
whole blood to one part sodium citrate solution. Centrifuge the 
blood sample immediately after collection at 1000 x G for 10 
minutes. Store the plasma at 2 to 8°C until testing is performed. 
Plasma stored at 2 to 8°C must be tested within four hours after 
sample collection. Plasma is stable at -20°C for one month. 
Plastic tubes must be used for storage and testing.

PROCEDURE
Materials	Provided:	 Cat.	No.
Protein S Antigen Rocket Kit 5359
  Protein S Antigen Rocket Plates (5 plates/box)  
  Protein S Antigen Report Form (1 form/box)
  Helena Rocket Ruler
Materials	Provided	by	Helena,	but	not	Contained	in	the	Kit:
Free Protein S Reagent (5 x 2 mL) 5363
Tris-tricine Buffer (10 pkgs/box)  5358
Coagulation S.A.R.P. (10 x 1.0 mL) 5185
Specialty Assayed Control-1 (10 x 1 mL)  5301
Rocket Stain 5360
Titan Blotter Pads (100/pkg)  5037
TITAN GEL Chamber 4063
Microdispenser and Tubes (10 mL) 6210, 6211
Development Weight 5014
Staining Dish 4061
Materials	and	Equipment	Needed	but	not	Provided:
Lint-free tissues
0.85% Saline
Destaining solution: Thoroughly mix 350 mL water, 20 mL  meth-        
anol, 30 mL glacial acetic acid.

	 SUMMARY	OF	CONDITIONS
 Buffer  .......................................Tris-tricine diluted to 1000 mL
 Sample Volume  ............................................................. 10 mL
 Electrophoresis Time  ................................................. 3 hours
 Amperage  ................................16 mA/plate constant current
 Staining Time  ........................................................20 minutes

STEP-BY-STEP		METHOD
I.	 Free	Protein	S	Determination
	 A.	Sample	Pretreatment
  1.  All samples, including standard material and controls, 

must be pretreated by adding 15 mL of Free Protein S 
Reagent to 85 mL of plasma. These volumes may be 
altered, but the ratio should remain the same. DO NOT 
dilute the patient and control samples before pretreat-
ment.

  2. Vortex each specimen and place on ice for 30 minutes.
  3.  Centrifuge each specimen at a minimum of 1000 X G 

for 10 minutes. Reserve the supernatant for standard 
dilutions and patient dilutions.

	 B.	Standard	Curve	Preparation	
  1.  To make the standard curve, dilute the standard material 

supernatant with 0.85% saline according to the following 
instructions. 

	 	 	 	 Nominal
	 	 	 	 Percent	 	 Parts	 Parts
	 	 	 	 Activity	 Dilution	 S.A.R.P.	 0.85%Saline
    100%             Use reconstituted S.A.R.P. undiluted
    50% 1:2 1 1
    25% 1:4 1 3
  2. Continue the procedure with Step II.B.

II.		Total	Protein	S	Determination
	 A.	Preparation	of	Standards	and	Test	Plasmas
  1.  Reconstitute one vial of S.A.R.P. with 1.0 mL deionized 

water. Make dilutions for preparation of the Standard 
Curve as follows:

	 	 	 Nominal
	 	 	 Percent	 	 Parts	 Parts
	 	 	 Activity	 Dilution	 S.A.R.P.	 0.85%Saline
   50%  1:2 1 1
   25%  1:4 1 3
   12.5% 1:8 1 7
  2.  Dilute each patient sample with 0.85% saline. Prepare 

a 1:2 dilution (1 part patient sample and 1 part saline) 
and a 1:4 dilution (1 part patient plasma and 3 parts 
saline). Additional dilutions may be necessary depend-
ing on the patient history. Suspected abnormal samples 
may need to be tested undiluted.

	 B.	Preparation	of	Chamber
  1.  Pour 65 mL Tris-tricine buffer into each inner section of 

the TITAN GEL Chamber.
	 C.	Application	of	Samples
  1.  Remove the plate from the refrigerator. Remove the 

plastic lid and allow approximately 5 to 20 minutes for 
the plate to reach room tempera-
ture and for excess moisture to 
be absorbed. Remove excess 
buffer from the wells, if neces-
sary. Excess moisture on the 
plate can result in poor rockets.

  2.  Apply 10 mL of each patient 
sample or dilution to the des-
ignated wells taking care not 
to damage the wells. Standard 
curve samples must be run on each plate. Duplicate 
applications of patient samples are advisable.

  3.  Allow five (5) minutes for specimens to diffuse into the 
agarose.

	 D.	Electrophoresis
  1.  Place the gel into the 

inner section of the cham-
ber, agarose side down, 
by gently squeezing the 
gel into place. Position the 
gel(s) so that the edges of 
the agar are in the buffer and the wells are toward the 
cathode (-) side of the chamber.

  2.  Place cover on the chamber. Electrophorese the plates 
at a constant current of 16 mA per plate for 3 hours.

  3.  At the end of 3 hours, remove the plates from the cham-
ber. Discard the chamber buffer after each run.

	 E.	Staining	Procedure
  1.  Rinse the plate with deionized water and wash it in 

0.85% saline overnight.
  2.  After the overnight wash, rinse the plate with deionized 

water.
  3.  Place the plate on a flat surface, agarose side up. 

Cover the agarose with a single, lint-free tissue.
  4.  Place 2-3 Blotter Pads and a Development Weight on 

the plate for fifteen (15) minutes.
  5. Remove the Development Weight, blotters and tissue.
  6.  Dry the plate in a laboratory drying oven at 60 to 70°C 

for 10 to 20 minutes. Do not over dry plates. The plate 
will be transparent when completely dry. If a dryer/oven 
is not available, the plates may be covered with wet 
lint-free tissues and allowed to dry at room temperature 
overnight or under a fan for 3 hours at room tempera-
ture as climate requires.

  7.  When completely dry, stain the plate by immersing it in 
Rocket Stain for 5 minutes.

  8.  Prepare the destaining solution by mixing together:
    350 mL deionized water
    20 mL methanol
    30 mL glacial acetic acid
  9.  Destain the plate by placing in Destaining Solution until 

the background clears sufficiently to easily distinguish 
rocket peaks. The background will still be bluish purple. 
If a clearer background is desired, the plate can be 
transferred to fresh destain after 30 minutes and left 
in the destain overnight. If over destaining does occur, 
repeat Step E.7 and stain the rockets again.

  10.  Remove the plate from the Destaining Solution and 
rinse briefly in deionized water.

  11.  Dry the plates at 37°C for 5 minutes or at room tem-
perature until dry.

	 F.	 Measurements	and	Calculations
  1.  Place the plate on a light box or a piece of white paper 

for easier viewing of the rockets. Mark the apex of each 
rocket peak.

  2.  Using the Helena Rocket Ruler, measure the length of 
each peak in millimeters. The peak is measured from 
the top of each well to the apex of the rocket.

  3.  Plot the percent activity of the standard curve versus 
each rocket height on the Rocket Antigen Report Form 
or on 3 cycle semi-logarithmic paper. Draw the line of 
best fit for the standard  points.

  4.  See Figures 1 and 2 for an example of a completed 
Rocket Plate and a standard curve drawn on a Rocket 
Antigen Report Form.

Figure	1: Rocket patterns on a Protein S Antigen Rocket Plate. 
The lengths of the rockets (in millimeters) of the standard dilu-
tions are used to prepare the standard curve. Patient results are 
read from the curve.

Figure	2: Representative standard curve prepared with S.A.R.P. 
on 3 cycle semi-logarithmic paper.

  5.  Read the patient values from the standard curve and 
multiply each by the appropriate dilution factor. If 
S.A.R.P. is used to prepare the standard curve, the 
patient value read from that curve must be multiplied by 
the assigned Protein Antigen value of the appropriate lot 
number of S.A.R.P.  as well as the dilution factor.

   Example:
    Patient value from curve = 30%
    Dilution factor = 2
    S.A.R.P. assigned value = 98%
    Actual Patient Factor
       Protein S Antigen = 30% x 2 x 0.98 = 58.8%
  6.  Patient samples with Protein S Antigen levels greater 

than the range of the standard curve, must be reassayed 
using the appropriate dilutions.

Quality	Control
A control material of known concentration, such as Specialty 
Assayed Control-1 (Cat. No. 5301) should be used on each 
run to verify all phases of the procedure. If the control does not 
perform as expected, the patient results should be considered 
invalid or suspect.

REFERENCE	VALUES
Protein S antigen values are usually expressed in relative per-
centages compared to a pooled normal plasma standard. 
Total	Protein	S: The normal range study consisted of fifty (50) 
normal healthy adults, 25 males & 25 females. There has been 
no indication of any difference in Protein S antigen range levels 
between healthy males & females. The expected normal range 
for Protein S antigen run by rocket electrophoresis was 60-
150%.
These specimens were from donors meeting the following cri-
teria:
 • age - 18 to 65 years old
 • good health; no surgery within 6 months
 • normal hemoglobin, hematocrit and temperature
 • no medication, i.e., antibiotics
Free	Protein	S: Normal free Protein S levels established by this 
method have been reported from 57% to 120%.5 Helena tested 
31 plasmas and determined an actual range of specimen con-
centration from 42% to 147%.
Each laboratory should establish its own normal for this proce-
dure and be aware that there currently is no accepted interna-
tional standard for Protein S antigen.

RESULTS
All decreases in Protein S, whether congenital or acquired, 
cause an increase in the risk of thrombo-embolism. Recurrent 
thrombotic episodes occur due to a decrease of anticoagulant 
potential.3-6

Protein S levels are decreased in
 • Protein S congenital deficiency3-6

  -  type I, indicated by a decrease in the anticoagulant activ-
ity (free Protein S) and a normal to slightly decreased 
antigen level.

  -  type II, indicated by a significant decrease in both the 
activity and antigen levels of Protein S.

 • Hepatic disorders
 • Oral anticoagulant therapy

LIMITATIONS
Heparin samples with levels up to 10 IU/mL do not affect the 
results of the Helena Protein S antigen assay. Patients on oral 
anticoagulant therapy do show marked decreases in the protein 
S antigen level. The free Protein S level does not affect the 
measurement of total Protein S. No other substances have been 
found to interfere with this procedure.
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ance or if the wells are not round. A crystalline appearance 
indicates the agarose has been frozen.

2.		Tris-tricine	Buffer	(Cat.	No.	5358)
	 	Ingredients: When diluted, the buffer contains 0.081 M Tris 

and 0.024 M tricine.
	 	WARNING:	 FOR	 IN-VITRO	 DIAGNOSTIC	 USE.	 DO	 NOT	

INGEST.
	 	Preparation	 for	Use: Dilute one package of buffer to 1000 

mL with deionized water. The buffer is ready for use when all 
material is completely dissolved.

 	Storage	and	Stability: The packaged buffer should be stored 
at room temperature (15 to 30°C) and is stable until the expi-
ration date on the package. Diluted buffer is stable for two (2) 
months stored at 15 to 30°C.

 	Signs	of	Deterioration: Discard packaged buffer if the mate-
rial shows signs of dampness or discoloration. Discard diluted 
buffer if it becomes turbid.

3.		Rocket	Stain	(Cat.	No.	5360)
	 Ingredients: Rocket Stain is Coomassie Brilliant Blue stain.
	 FOR	IN-VITRO	DIAGNOSTIC	USE.	DO	NOT	INGEST.
	 	Preparation	for	Use: Dissolve the contents of the vial in 450 

mL deionized water, 450 mL methanol and 100 mL acetic 
acid. Mix thoroughly and filter before use if necessary.

  Storage	and	Stability: The stain should be stored at 15 to 
30°C and is stable until the expiration date indicated on the 
package.

  Signs	 of	 Deterioration: If methanol evaporation occurs, a 
metallic sheen will be visible on the stain surface. Discard 
the stain if it does not adequately stain protein rockets as 
described in this procedure.

4.	Specialty	Assayed	Reference	Plasma	(Cat.	No.	5185)
	 	Ingredients: S.A.R.P. is prepared from a frozen pool of 

citrated plasma from healthy donors. The pool is buffered and 
lyophilized to ensure stability of all plasma constituents.

  WARNING:	FOR	IN-VITRO	DIAGNOSTIC	USE	ONLY. 
  S.A.R.P. has been found negative for Hepatitis B Antigen 

(HBsAg) and HIV antibody; however, it should be handled 
with the same precautions as with any human sample. Avoid 
ingestion.

	 	Preparation	 for	 Use: Reconstitute S.A.R.P. with 1.0 mL of 
deionized water. Swirl gently. Allow approximately 10 minutes 
for complete dissolution before use.

  Storage	and	Stability: Lyophilized S.A.R.P. is stable until the 
expiration date indicated on the vial when stored at 2 to 8°C. 
The reconstituted product is stable for four hours, and should 
be kept at 2 to 8°C during testing.

  Signs	 of	 Deterioration: Unreconstituted S.A.R.P. should 
appear as a light yellow, dry plug.

5.	Free	Protein	S	Reagent	(Cat.	No.	5363)
	 Ingredients: 25% Polyethylene glycol
	 	WARNING:	 FOR	 IN-VITRO	 DIAGNOSTIC	 USE.	 DO	 NOT	

INGEST.
	 	Preparation	for	Use: The reagent is ready for use as pack-

aged.
	 	Storage	and	Stability: The reagent should be stored at 2 to 

8°C and is stable until the expiration date on the label.
	 	Signs	of	Deterioration: Discard the reagent if it shows any 

signs of  microbial contamination.

Helena Laboratories

3.  Schwarz H.P., et al, Plasma protein S deficiency in familial 
thrombotic disease. Blood, 64:1297-1300, 1984.

4.  Comp P.C., et al., Familial protein S deficiency is associated 
with recurrent thrombosis. J Clin Invest, 74:2082-2088, 1984.

5.  Comp P.C., et al., An abnormal plasma distribution of protein 
S occurs in functional protein S deficiency. Blood, 67:504-508, 
1986.

6.  Kamiya T., et al., Inherited deficiency of protein S in a 
Japanese family with recurrent venous thrombosis: a study of 
three generations. Blood, 67:406-410, 1986.

7.  Dahlback, B., Purification of human vitamin K-dependent pro-
tein S and its limited proteolysis by thrombin. Biochem Jour, 
209:827, 1983.

PROTEIN	S	ANTIGEN
ROCKET	EIA	SYSTEM

	 	 	 	 Cat.	No.
Protein	S	Antigen	Rocket	Kit 5359
 Protein S Antigen Rocket Plates (5 plates/box)
 Helena Rocket Ruler
 Rocket Antigen Report Form
 Free Protein S Reagent 5363
 Tris-tricine Buffer (10 pkgs/box)  5358
 Coagulation S.A.R.P. (10 x 1.0 mL)  5185
 Rocket Stain 5360
 Titan Blotter Pads (100/pkg)  5037
 Specialty Assayed Control-1 5301
 TITAN GEL Chamber 4063  
 Microdispenser and Tubes (10 µL)  6210, 6211
 Development Weight  5014
 Staining Dish 4061

For Sales, Technical and Order Information, and Service 
Assistance, call 800-231-5663 toll free.

Helena Laboratories warrants its products to meet our published specifications and to be free from 
defects in materials and workmanship. Helena’s liability under this contract or otherwise shall be 
limited to replacement or refund of any amount not to exceed the purchase price attributable to the 
goods as to which such claim is made. These alternatives shall be buyer’s exclusive remedies.
In no case will Helena Laboratories be liable for consequential damages even if Helena has been 
advised as to the possibility of such damages.
The foregoing warranties are in lieu of all warranties expressed or implied including, but not limited 
to, the implied warranties of merchantability and fitness for a particular purpose.

The Protein S procedure is used to determine the concentration 
of Protein S in human plasma as a free protein and as a complex 
with complement component C-4 binding protein (C4bp) using 
Laurell rocket electrophoresis.1, 2

SUMMARY
Protein S is a vitamin K dependent plasma protein that acts as  
a potent cofactor for activated Protein C. In the coagulation pro-
cess, it inhibits thrombin formation forming Factors V and VIII:C. 
Abnormally low Protein S levels are found in congenital Protein 
S deficiency,3-6 liver disorders and oral anticoagulant patients.
The complexity of Protein S is illustrated by the formation of 
a dynamic equilibrium with C4b - binding protein. C4b - BP can 
be found in plasma in two different forms.4, 5 The first is a low 
molecular weight form which exhibits no affinity for Protein S. 
The second is a high molecular weight form which can bind 
Protein S in a 1:1 complex.
Free Protein S represents about 40% (10 mg/L) of total Protein 
S. It acts as the carrier for anticoagulant activity and as the 
cofactor for activated Protein C.
The C4b - BP bound Protein S normally represents about 60% (15  
mg/L) of total Protein S and does not have any anticoagulant 
activity. 

PRINCIPLES	OF	PROCEDURE
The Helena Protein S Rocket EIA Procedure is performed in a 
1% agarose gel medium containing an antiserum specific for 
Protein S. After the plasma specimens are applied to the wells 
in the agarose, electrophoresis is used to migrate the proteins 
into the antibody field. A rocket-shaped precipitin pattern forms 
along the axis of migration. The length of this rocket pattern is 
proportional to the antigen concentration.
Studies done by Dahlback7 showed that the addition of PEG 
to the plasma would precipitate the C4b - BP complex but not 
the free Protein S. The Free Protein S Reagent resolves the 
free from the bound Protein S and thus allows for correlation 
between functional Protein S activity and immunologic levels of 
free Protein S.

REAGENTS
1.	Protein	S	Antigen	Rocket	Plates	(Cat.	No.	5359)
	 	Ingredients: Each plate contains sheep or goat antibody to 

human Protein S incorporated into agarose in Tris-tricine buf-
fer. The plates contain sodium azide as a preservative.

	 WARNING:	FOR	IN-VITRO	DIAGNOSTIC		USE	ONLY
  To prevent the formation of toxic vapors, sodium azide should 

not be mixed with acidic solutions. When discarding reagents 
containing sodium azide, always flush sink with copious 
quantities of water. This will prevent the formation of metallic 
azides which, when highly concentrated in metal plumbing, 
are highly explosive. In addition to purging pipes with water, 
plumbing should occasionally be decontaminated with 10% 
NaOH.

  Preparation	 for	Use: To prepare for use, remove the plate 
from the protective packaging and allow 5-10 minutes for the 
agarose to reach room temperature.

  Storage	 and	 Stability: Rocket Plates must be stored at 2 
to 8°C and maintained in moist condition within the bag. DO 
NOT FREEZE. The plates are stable until the expiration date 
indicated on the package.

  Signs	 of	 Deterioration: Discard the plate if dry in appear-

TROUBLESHOOTING	
 1.  When applying the samples to the plate wells, do not allow 

the pipette tip to touch the sides of the wells.
 2.  Do not overdry plate. Overdrying will cause the plate to 

peel.

PERFORMANCE	CHARACTERISTICS	
PRECISION
Within Run: Within  run studies were done with a control material 
used in replicate on one plate. 
             Total S        Free S
    X = 98.1% 50.8% 
    SD = 2.8 2.7
    CV% =  2.3% 5.2%
    n = 8  5
Between Run: Studies were done with a control material used in 
replicate on six plates. 
            Total S        Free S
    X = 98.4% 52.2%
    SD = 2.8 3.5
    CV% = 5.6% 6.7%
    n = 18 15

COMPARISON
Correlation studies were done using the Helena Protein S system 
and a reference method. The specimens used met the same 
criteria as those for the normal range study. The following data 
was derived.
  Total S Free S
n = 49  31 Y = Helena Protein S
Y = 0.917X + 6.975 0.981X + 0.498 X = Reference Method
r = 0.849 0.906

SENSITIVITY
Sensitivity for this procedure is expressed in relative percentages 
compared to a pool of normal plasma, such as S.A.R.P. Patient 
values greater than the highest value on the normal standard 
curve must be diluted and retested. The sensitivity threshold for 
the Helena Protein S Kit is 6% of the normal human level.

SPECIFICITY
Specificity was done on known Protein S deficient plasmas and 
verified using a Double Diffusion (Ouchterlony) plate and various 
dilutions of antisera associated with coagulation proteins. The 
Helena Protein S Kit utilizes goat antihuman Protein S in opti-
mum concentrations.
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