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Protocols and definition of methods
Supplement titration and blending protocols

Since every supplement and feed is different, and each 
cell line has unique nutritional requirements, it is critical to 
evaluate a wide range of peptones or CD supplements. 
Even multiple peptones produced using the same 
protein source should be considered. To quickly identify 
supplements that improve culture performance, a titration 
of each peptone or CD supplement should be performed 
to identify both products and concentrations that should 
be further evaluated. Synergistic effects have been 
observed when blending peptones or CD supplements, 
so additional mixture designs are also recommended. 
When performing the screening studies, it is important to 
add any cell-specific supplementation to the media. The 
following titration and blending protocols can be used 
as provided, or as a starting point for designing custom 
screening studies. 

Peptone procedure

Mammalian cell culture application
Reconstitution Instructions
Peptone powders are recommended to be hydrated at 
100 g/L for mammalian cell culture using the following 
instructions: 

• Weigh 10 grams of peptone powder.

• Fill a clean 250 mL beaker with approximately 
90 mL room temperature water for injection (WFI) or 
equivalent. Add the peptone to the beaker and mix until 
completely dissolved.

• Once completely dissolved, bring volume to 100 mL 
with WFI or equivalent.

Table 1. Titration study experimental set up (mammalian cell culture). 
Note: This table provides guidance for titration of one peptone; similar setups can be used for all peptones; add appropriate positive control if needed.

Condition
Gibco peptone 
concentration (g/L)

Volume of base  
medium (mL)

Volume of Gibco peptone stock 
(100 g/L) (mL)

Concentration-1 1 49.50 0.5
Concentration-2 3 48.50 1.0
Concentration-3 6 47.00 3.0
Concentration-4 9 45.50 4.5
Medium only (negative control) 0 50.00 0

• Sterilize the solution by filtration through a 0.2 µm filter 
membrane or by autoclaving. Store solution at 2–8°C.

Recommended testing procedure
Titration study—batch culture in shake flasks
• Step 1: Prepare shake flasks by adding an appropriate 

volume of reconstituted peptone (100 g/L stock 
solution) and basal medium to the final concentrations 
shown in Table 1. In addition to the components 
in Table 1, cultures should be supplemented with 
glucose, L-glutamine, Pluronic™ F 68 (Kolliphor™ 
P 188), and any other cell line–specific supplements 
as required.

• Step 2: Prepare seeding cell culture according to 
standard protocols. If cells are being cultured in a 
peptone-containing medium, wash cells once in sterile 
PBS and pellet by centrifugation. Prepare seeding 
cell suspension by resuspending the cell pellet in 
base medium.

• Step 3: Inoculate shake flasks with standard 
seeding density.

• Step 4: On days 0, 3, 5, 7, 10, and the last day 
of cell culture, determine viable cell density and 
percent viability.

• Step 5: Adjust glucose and glutamine levels  
as appropriate for the base medium throughout  
the experiment.

• Step 6: Determine protein titer on various days  
of culture, including the last day, to determine 
cumulative protein production.



Protocols and definition of methods

83

Mixture study—batch culture in shake flasks
The three top-performing peptones selected from the 
titration studies can be mixed as per Table 2 to further 
optimize performance. Table 3 provides instructions for 
the experimental set up using a 100 g/L stock solution.

Table 2. Mixture study (mammalian cell culture).

Mixture
Gibco 
peptone 1 
(g/L)

Gibco 
peptone 2 
(g/L)

Gibco 
peptone 3 
(g/L)

Total 
peptone 
(g/L)

Mixture 1 2.0 0.5 0.5 3.0

Mixture 2 2.0 2.0 2.0 6.0

Mixture 3 0.5 2.0 0.5 3.0

Mixture 4 0.5 0.5 2.0 3.0

Mixture 5 0.5 0.5 0.5 1.5

Table 3. Mixture study experimental setup 
(mammalian cell culture)

Shake 
flask

Gibco 
peptone 1  
stock (g/L)

Gibco 
peptone 2  
stock (g/L)

Gibco 
peptone 3  
stock (g/L)

Volume 
of base 
medium (mL)

Mixture 1 1 0.25 0.25 48.50

Mixture 2 1 1 1 47.00

Mixture 3 0.25 1 0.25 49.50

Mixture 4 0.25 0.25 1 45.50

Mixture 5 0.25 0.25 0.25 49.25

Control 0 0 0 50

• Add the peptone to the beaker and mix until 
completely dissolved.

• Once completely dissolved, bring the final volume to 
100% with room temperature WFI, deionized water (DI), 
or equivalent purified water.

• Measure pH at room temperature and adjust to 
between 6.5 and 7.4. Avoid excessive pH adjustments. 
Sterilize the solution by autoclaving or filtration using a 
0.2 µm filter membrane.

• Store solution at 2–8°C.

Recommended testing procedure
Titration study in shake tubes or flasks
A peptone screen should be designed so each peptone 
is evaluated at a variety of concentrations. Typical 
working concentrations for peptones range from 5 g/L 
to 30 g/L and are dependent on the microorganism’s 
need. Table 4 outlines a recommended peptone titration 
experimental study. In addition to the components in 
Table 4, additional supplementation may be required 
to support microorganism growth, such as buffer salts 
like phosphates or a base medium like M9 Minimal 
Salts. Further supplementation with carbohydrates, like 
glucose; growth factors, like serum or blood; mineral 
salts, like magnesium, calcium, or iron; and any other 
microbial specific supplements can be added as required 
for peptone optimization.

Mixture study in shake tubes or flasks
Blends of peptones should also be considered 
because synergistic effects can be observed in some 
processes when multiple peptones are used. The top 
two performing peptones from the titration study can be 
blended as outlined in Tables 5 and 6. Selection of the 
peptone or blend of peptones should be based on both 
the proliferation and production data.

Microbial cell culture application
Reconstitution instructions
Peptone powders are recommended to be hydrated 
at 30 g/L for microbial cell culture using the 
following instructions: 

• Weigh 6 grams of the peptone powder.

• Fill a clean 500 mL beaker with approximately 180 mL 
of room temperature WFI, deionized water (DI), or 
equivalent purified water.
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Table 4. Titration study (microbial cell culture).

Concentration Gibco peptone (g/L)
Volume buffer salts  
or purified water

Volume of Gibco  
peptone stock at 30 g/L

Total volume 
(mL)

Concentration 1 30 0.0 50.0 50

Concentration 2 20 16.7 33.3 50

Concentration 3 10 33.3 16.7 50

Concentration 4 5 41.7 8.3 50

Table 5. Mixture study (microbial cell culture).

Mixture
First Gibco peptone 
concentration (g/L)

Second Gibco peptone 
concentration (g/L)

Total Gibco peptone 
concentration (g/L)

Mixture 1 15 15 30

Mixture 2 12 8 20

Mixture 3 10 10 20

Mixture 4 8 12 20

Mixture 5 5 5 10

Table 6. Mixture experimental setup (microbial cell culture).

Mixture

Volume of first AB peptone 
stock in buffer salts or 
purified water (mL)

Volume of second AB 
peptone stock in buffer 
salts or purified water (mL)

Volume of buffer 
salts or purified 
water (mL)

Total volume 
(mL)

Mixture 1 20.0 13.3 16.7 50

Mixture 2 16.7 16.7 16.7 50

Mixture 3 13.3 20.0 16.7 50

Mixture 4 8.3 8.3 33.3 50

Mixture 5 25.0 25.0 0.0 50
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CD supplement procedure

Resurge CD supplements are supplied as powders 
and should be hydrated at 40 g/L using the 
following instructions:

Step 1: Weigh 40 grams of CD supplement powder.

Step 2: Fill a clean 1 L beaker with approximately 
900 mL of room temperature water for injection (WFI) or 
equivalent.

Step 3: Add the powder to the beaker and mix for a 
minimum of 30 minutes or until completely dissolved.

Step 4: Bring the volume to 1 L with WFI or equivalent.

Step 5: Filter-sterilize the concentrated solution through a 
0.2 µm filter membrane and use as needed.

Step 6: Store the solution at 2–8°C and protect 
from light.

More concentrated stock solutions of Resurge CD 
supplements can be prepared using the following 
instructions for making a 100 g/L stock solution.

Step 1: Weigh 100 g of CD supplement powder.

Step 2: Fill a clean 1 L beaker with approximately 
700 mL of room temperature water for injection (WFI) 
or equivalent.

Step 3: Add the powder to the beaker and mix until all 
the powder is completely dissolved.

Step 4: Adjust the pH to between 9.0 and 10.0 using 5 N 
or 6 N NaOH.

Step 5: Mix for a minimum of 30 minutes.

Step 6: Adjust the pH to 8.0 ± 0.2 or the desired pH 
using 5 N or 6 N HCl.

Step 7: Bring the volume to 1 L with WFI or equivalent.

Step 8: Mix for a minimum of 10 minutes.

Step 9: Filter-sterilize the concentrated solution through a 
0.2 µm filter membrane and use as needed.

Step 10: Store the solution at 2–8°C and protect 
from light.

Testing procedure
For a batch culture process, we recommend an initial 
titration when using each Resurge CD supplement. For 
a batch culture, Resurge CD supplement(s) can be used 
at a final supplemental concentration of 1 g/L, 3 g/L, 
or 6 g/L (in the cell culture vessel) on day 0 or day 2 
of the culture. Glucose and glutamine levels should be 
maintained per cell line requirements. 

For a fed-batch process, Resurge CD supplements 
can be fed to a final supplemental concentration of 
2–6 g/L (in the cell culture vessel) per day for multiple 
days, starting on day 0 or day 2, to mid-growth phase. 
The culture should be started at a reduced volume to 
accommodate the anticipated feeding volume. Glucose 
and glutamine levels should be maintained per cell line 
requirements.

Fed-batch process

Day 0 or day 2 to mid-growth phase 2.0–6.0 g/L

Batch culture process

Day 0

1.0 g/L
3.0 g/L
6.0 g/L
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Problem Cause Solution

Resurge CD supplements are 
either not dissolving or taking 
an excessively long time to 
completely dissolve 

Low vortex due to slow mix speed 
or wrong reconstitution vessel

Use a beaker to reconstitute small amounts of 
Resurge CD supplements

Increase the mixing speed to maximize the vortex
The temperature of the water or 
room is unusually low

Reconstitute with room temperature (~25°C) water in 
an environment controlled at ~25°C

Medium is cloudy or a 
precipitate is observed 
following addition of Resurge 
CD supplements

Possible reaction between 
components resulting in precipitation

Concentration of some 
components above solubility limits

Perform a compatibility test to identify the correct 
concentration of Resurge supplement to use 

Contact Technical Services for troubleshooting 
unwanted chemical reactions

Possible contamination Identify the contaminant and  
root cause of contamination

Retest using aseptic procedures

Cell culture performance is 
inadequate

High/low levels of Resurge 
supplements

Perform a Resurge titration study to determine the 
concentration range for optimal performance

High osmolality when Resurge 

supplement added to basal 
medium

Perform a compatibility test to identify the optimum 
concentration of Resurge supplement to use for your 
application

Reduce other supplementation levels
Over-supplementation if using 
other feed additives (amino acids, 
hydrolysates, etc.) together with 
Resurge supplements

Try an alternate feeding plan with  
a reduced amount of other feeds  
(amino acids, hydrolysates, etc.)

Resurge supplement not added on 
day 0 of culture

Try adding Resurge supplement on day 0 of culture. 
In some instances, this process change has improved 
performance

Resurge CD supplement troubleshooting
For problems encountered when using Resurge 
CD supplements, refer to the quick troubleshooting 
guide below. 
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OneFeed Supplement is recommended for use in 
mammalian cell culture to enhance growth and/or 
protein production in fed-batch processes. OneFeed 
Supplement is chemically defined (CD) and animal 
origin–free (AOF). OneFeed Supplement does not contain 
L-glutamine or hypoxanthine and thymidine (HT).

OneFeed Supplement 1 L hydration instructions
To prepare 1 L, add 900 mL of WFI-quality water or 
equivalent to an appropriate mixing vessel. Weigh 
approximately 40.3 g/L of OneFeed Supplement powder 
and add it to the mixing vessel. Mix for a minimum of 
60 minutes. Adjust the pH to approximately 8.5 with 5 N 
or 6 N NaOH. Mix for a minimum of 10 minutes. Adjust 
the pH to 7.0 ± 0.5 with 5 N or 6 N HCl. Adjust to the 
final volume with WFI-quality water or equivalent. Mix 
for a minimum of 10 minutes. Filter-sterilize the solution 
using a 0.2 μm filter and store at 2–8°C until use. Protect 
from light.

Cat. No. 670110—OneFeed Supplement 2 L 
hydration instructions
To prepare 2 L, add 1.8 L of WFI-quality water or 
equivalent to an appropriate mixing vessel. Add the entire 
bottle contents to the vessel and mix for a minimum of 
60 minutes. Adjust the pH to approximately 8.5 with 5 N 
or 6 N NaOH. Mix for a minimum of 10 minutes. Adjust 
the pH to 7.0 ± 0.5 with 5 N or 6 N HCl. Adjust to the 
final volume with WFI-quality water or equivalent. Mix 
for a minimum of 10 minutes. Filter-sterilize the solution 
using a 0.2 μm filter and store at 2–8°C until use. Protect 
from light.

 OneFeed Supplement usage instructions

Cat. No. 670109—OneFeed Supplement 10 L 
hydration instructions
To prepare 10 L, add 9 L of WFI-quality water or 
equivalent to an appropriate mixing vessel. Add the entire 
bottle contents to the vessel and mix for a minimum of 
60 minutes. Adjust the pH to approximately 8.5 with 5 N 
or 6 N NaOH. Mix for a minimum of 10 minutes. Adjust 
the pH to 7.0 ± 0.5 with 5 N or 6 N HCl. Adjust to the 
final volume with WFI-quality water or equivalent. Mix 
for a minimum of 10 minutes. Filter-sterilize the solution 
using a 0.2 μm filter and store at 2–8°C until use. Protect 
from light.

Cat. No. 670108—OneFeed Supplement 50 L 
hydration instructions
To prepare 50 L, add 45 L of WFI-quality water or 
equivalent to an appropriate mixing vessel. Add the entire 
container contents to the vessel and mix for a minimum 
of 60 minutes. Adjust the pH to approximately 8.5 with 
5 N or 6 N NaOH. Mix for a minimum of 10 minutes. 
Adjust the pH to 7.0 ± 0.5 with 5 N or 6 N HCl. Adjust to 
the final volume with WFI-quality water or equivalent. Mix 
for a minimum of 10 minutes. Filter-sterilize the solution 
using a 0.2 μm filter and store at 2–8°C until use. Protect 
from light.

Materials required but not provided
Cultures should be supplemented with cell-specific 
supplements as required.
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Fed-batch culture process
OneFeed Supplement can be used with any existing 
base medium. Cells should be adapted to a complete 
medium prior to initiating a fed-batch culture. Cultures 
should be started using the seeding density typically 
used for the specific cell line. The recommended 
OneFeed Supplement protocol is to feed starting on day 
2 of the culture and continue every two days during the 
life of the culture.

It is recommended that the amount of OneFeed 
Supplement fed be 5 mL of feed per 100 mL of the 
starting culture volume (2 g/L) as demonstrated in 
the example shown in the table at right. Cell viability, 
viable cell density, and protein production should be 
monitored throughout the culture life. It is recommended 
that glucose levels are monitored and maintained at 
the concentration appropriate for the cell line. OneFeed 
Supplement can also be used as a replacement feed 
using existing feeding processes.

Fed-batch cultures  
(50 mL medium starting culture volume per flask)

Feed timepoint
Amount of OneFeed 
added per flask

Day 0 0 mL

Day 2 2.5 mL

Day 4 2.5 mL

Day 6 2.5 mL

Day 8 2.5 mL

Day 10 2.5 mL

Day 12 2.5 mL

Total amount of OneFeed 
added per flask

15.0 mL
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Direct adaptation
A direct adaptation procedure can be used for cells that 
might readily adapt into the new medium. Dilute cells 
growing in the current medium directly into the new 
medium at 5.0 x 105 cells/mL during the logarithmic 
growth phase. Cell centrifugation and total removal 
of the current medium are not recommended when 
performing this step. When the viable cell density 
reaches 1.5–2.0 x 106 cells/mL, or the culture is in the 
mid- to late-logarithmic growth phase, subculture the 
cells again at 5.0 x 105 cells/mL. Repeat the subculturing 
at least three times every 3 to 4 days. If the viability goes 
below 80% during the procedure or if the cells do not 
retain their normal doubling time after four subcultures, 
adapt the cells sequentially as follows.

Adaptation of cells

Adaptation 
step Seeding density Culture conditions Criteria for next adaptation step
25% new 
medium

75% old 
medium

5.0 x 105 cells/mL Grow at least 3 days until the cells reach 
mid- to late-exponential growth phase

Culture must retain normal doubling time 
and ≥90% viability for three passages

50% new 
medium

50% old 
medium

5.0 x 105 cells/mL Grow at least 3 days until the cells reach 
mid- to late-exponential growth phase

Culture must retain normal doubling time 
and ≥90% viability for three passages

75% new 
medium

25% old 
medium

5.0 x 105 cells/mL Grow at least 3 days until the cells reach 
mid- to late-exponential growth phase

Culture must retain normal doubling time 
and ≥90% viability for three passages

100% new 
medium

5.0 x 105 cells/mL Allow for 3–4 passages at 100% new 
medium before creating cell banks and 
moving to the production system

The cell culture is considered adapted only 
when it retains normal doubling time and 
a minimum of 90% viability over several 
cell passages

Sequential adaptation
Complete adaptation from the old medium to the new 
medium is achieved best in a four-step process when 
adapting sequentially. For each step, grow the cells in the 
media combination for at least three days until the cells 
reach the mid- to late-exponential growth phase. If the 
culture shows longer doubling time, include additional 
cell passages at the media combination by following the 
same dilution procedure. Continue to passage the cells 
at least three times at the current media combination 
for complete adaptation and growth kinetics. We 
recommend preparing a cell-bank at the 50%-adapted 
step to provide for all contingencies.

Production can be monitored while the cells are being 
adapted. However, until the culture is run under the 
normal process conditions, the results will not be 
indicative of the true production performance.
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The amino nitrogen (AN) test procedure is based on the 
AOAC Sorensen method.

The AN/TN ratio gives an estimate of the degree of 
protein hydrolysis.

Ash values were measured after heating at 650°C 
overnight. Ash values refer to the noncombustible portion 
of the sample and roughly correspond to the mineral 
content of the sample.

Total carbohydrate percentage was calculated by 
colorimetric assay.

Chloride, sulfate, and phosphate percentages were 
determined by ion chromatography.

Elemental analysis was determined by ICP (Inductively 
Coupled Plasma) using a Thermo Jarrell Ash instrument 
or equivalent.

Endotoxin values were determined by a quantitative 
kinetic chromogenic method.

Free amino acids are defined as amino acids that are 
not part of a protein or peptide chain. The amino acids 
were measured using the Waters AccQ•Tag™ method. 
The AccQ•Tag method is based on the derivatizing 
reagent 6-aminoquinolyl-N-hydroxysuccinimide–activated 
heterocyclic carbamate.

Labsystems Bioscreen C is a 200-well incubating 
kinetic optical density reader, and Victor3 1420 
Multilabel Counter is an optical plate reader equipped 
with protocols for measuring optical density on 96-well 
culture plates. For both systems, media were inoculated 
with approximately 100 CFU per 200 µL fill in each well. 
OD readings were averaged from four wells. 

Loss on drying is a measurement of moisture in the 
dehydrated sample. The test procedure is based on the 
method described in The United States Pharmacopeia, 
with modifications [1].

Definition of methods

Analytical tests used in data gathering for this manual are described here.

Molecular weight distribution, which is an indication 
of degree of protein digestion, was determined by 
size-exclusion chromatography using an agarose dextran 
matrix–based column and a TFA/acetonitrile-based 
mobile phase.

Nucleoside quantitation (hypoxanthine and thymidine) 
was determined by reverse-phase HPLC using a 
silica-based column and a phosphate/methanol gradient.

pH was measured potentiometrically at room 
temperature in a 1% solution after autoclaving.

Sodium chloride was determined by the silver 
nitrate/potassium thiocyanate titration method.

Total amino acids were measured by the same method 
as the free amino acids after an acid hydrolysis at 
110°C for 20 hours 45 minutes using a CEM microwave. 
Asparagine, cystine, glutamine, and tryptophan are 
destroyed during the hydrolysis. The asparagine, cystine, 
glutamine, and tryptophan values are not reported for 
total amino acids. Methionine and serine are partially 
destroyed during the hydrolysis.

Total nitrogen (TN) content is determined by the 
Kjeldahl method.

Ultrafiltration (UF) is a membrane filtration process 
used to separate or concentrate constituents of protein 
solutions based on molecular weight.

Reference
1. United States Phamacopeial Convention. 2006. The United States Pharmacopeia 

29: (USP29): The National Formulary 23 (NF23). Rockville, MD: United States 
Pharmacopeial Convention Inc.


