
Abstract
With the drive to remove serum and products of animal origin from 
cell-culture media during manufacture of protein-based biologics, plant
hydrolysates have become popular as feeds in fed-batch cell culture to boost
productivity. However, plant hydrolysates often contain undefined levels of
nutrients, which can result in lot-to-lot variation in fed-batch performance
and inefficiency. These are disadvantages when consistent protein yields
are required from recombinant Chinese hamster ovary (CHO) cell lines.
To achieve a more controlled process, one approach is to use chemically
defined formulations as feeds containing only a carbon source, amino
acids, vitamins, and trace elements. As a test of this approach, we com-
pared cell growth and protein production characteristics of CHO cell lines
grown in chemically defined media supplemented with either chemically
defined nutrient feed supplements or plant hydrolysates alone, or with
nutrient feed supple-
ments.

Removing serum
and products of
animal origin from

cell-culture media during
production of therapeutic
proteins from Chinese
hamster ovary (CHO) cells
offers improved biosafety

and can make regulatory approval smoother. However, not having these
supplements in the media can limit CHO cell growth and protein produc-
tion. One method of improving growth is to add plant protein hydrolysates
as a feed because they provide a highly pure source of soluble amino acids,
peptides, vitamins, and essential elements for cell culture. Supplementing
media with plant hydrolysates has been shown to improve protein production
from engineered CHO cells.1,2

The drawback of using plant hydrolysates is that they often contain unde-
fined levels of nutrients and can result in lot-to-lot variation in fed-batch
performance and purification inefficiency, which are disadvantages when
consistent protein yields are required.3 To achieve a more controlled process,
it is important to begin with a base medium for batch culture that does not

make feeding strategies more
complicated. An alternative
approach to using nutrient-
rich plant hydrolysates is to
use a medium that is specifi-
cally designed to promote
rapid cell growth and high lev-
els of protein expression for
CHO cells as a basal media,
and then add chemically
defined feeds containing only
a carbon source, amino acids,
vitamins, and trace elements
to replenish the nutrients
that are being depleted in the
media.4 This article
describes the experimental
performance of chemically
defined nutrient feed supple-
ments compared to plant
hydrolysates in a chemically
defined medium with a
recombinant CHO cell line.
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Experimental Approach

Shake Flask Studies
In a first shake flask study (Figure 1), recombinant CHO cells engi-
neered to express a proprietary antibody were inoculated at 3 x 105

cells/mL into 30-mL shake flasks containing CD OptiCHO Medium
(Invitrogen, Grand Island, NY) as a base. The cells were incubated at
37 °C in 8% CO2, and agitated at 125 rpm. To determine the effect that
plant hydrolysates or a chemically defined medium had on protein pro-
duction, on days 3, 6, and 9, a 10% v/v solution of one of the plant
hydrolysates derived from pea, wheat, soy, or rice (Kerry Bio-Science,
Rochester, MN) was added at a stock concentration of 100 g/L to the cul-
tures or the media were supplemented with a 10% v/v chemically
defined feed, CHO CD EfficientFeed A (Invitrogen, Grand Island, NY).
For each flask containing a different type of feed, there were three repli-
cates made and samples were withdrawn for high performance liquid
chromatography (HPLC) analysis of IgG concentration from each repli-
cate every 24 hours on days 7–14. In those instances, when cell viabili-
ties dropped below 20%, samples were no longer obtained.

In a second shake flask study to determine if protein
production could be increased by using a combination of
feeds (Figure 2), 3 x 105 cells/mL were inoculated into 30-
mL shake flasks containing the same base medium. They
were incubated at 37 °C in 8% CO2, and agitated at 125
rpm. On days 3, 6, and 9, a 10% v/v addition of the same
solutions of pea, wheat, soy, or rice plant hydrolysates plus
a 10% v/v solution of chemically defined feed A were added
simultaneously, or a 10% v/v solution of chemically
defined feed A was added alone to the cultures. For each
flask containing a different feed combination, there were
three replicates and samples were withdrawn for HPLC
analysis of IgG concentration from each replicate every 24
hours on days 7–14.

Bioreactor Studies
To determine the effects different feeds had on cell numbers
and protein expression, a 15-L stir-tank bioreactor (App-
likon Biotechnology, Foster City, CA) containing CD CHO
medium was inoculated with a different proprietary recom-
binant IgG CHO cell line at 3 x 105 cells/mL. The pH and
dissolved oxygen were set at 6.9 and 50%, respectively, with
agitation at 150–175 rpm. The CO2 and oxygen sparge rates
were both set at 100 mL/minute. Glucose was added to 6 g/L

if the concentration in the media in the bioreactor fell to less
than 2 g/L. GS-Max (HyClone, Logan, UT) was fed at 1% of
starting volume if the level of glutamate fell to less than 1.5
mM, as occurred in all bioreactors. Four different feed
strategies were carried out over 10 days. In one bioreactor
(Figure 3), 3% v/v addition of soy hydrolysate was added
from a stock of 40 g/L every day for 10 days. In another biore-
actor (Figure 4), a 3% v/v solution of chemically defined feed
A, (CHO CD EfficientFeed A) was added on days 0–5 fol-
lowed by addition on days 6–10 of daily supplementation of
a 3% v/v solution of chemically defined feed B, (CHO CD
EfficientFeed B). The additional two feed strategies deter-
mined the effects of higher concentrations of the chemically
defined feeds but at fewer time points: 1) a 10% v/v solution
of chemically defined feed A was added on days 0 and 3, fol-
lowed by a 10% v/v solution of chemically defined feed B on
days 6, 9, and 2) a 15% v/v solution of feed A was added on
day 0 followed by addition of a 15% v/v solution of feed B on
day 6. Both total cell counts and protein titers, as deter-
mined by ELISA over 13 days, are presented in the results
(Figures 3 and 4).

Results
In the first shake flask study, addition of the plant hydrolysates produced
protein yields of around 100–125 µg/mL (Figure 1). Culture viability
using any of the hydrolysates did not extend beyond 12 days, while via-
bilities remained high with EfficientFeed A for the 14-day duration of the
experiment. Interestingly, the soy and rice hydrolysates maintained via-
bility for an extra day. This result is consistent with published data where
the ability of soy hydrolysates to outperform other plant hydrolysates has
been previously noted.5 The chemically defined feed attained protein
yields of greater than 400 µg/mL, a four-fold yield improvement compared
to any of the plant hydrolysates tested.

In the second shake flask study, addition of the plant hydrolysates and the
chemically defined feed produced protein yields from around 175–375 µg/mL
(Figure 2). Addition of chemically defined feed and plant hydrolysates
together extended cell viability to 14 days with all plant hydrolysate combi-
nations and resulted in increased protein yields by as much as three-fold
when compared to the performance of plant hydrolysate alone. Soy and rice

Figure 1. Fed-batch IgG production from a proprietary CHO cell line with 10 g/L
hydrolysate feed using GIBCO CD OptiCHO as base medium. CHO CD EfficientFeed
A gave higher protein expression than any of the hydrolysates tested. In addition, culture
longevity was extended beyond those conditions using hydrolysates, resulting in
continuing increases in protein expression.
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Figure 2. Fed-batch IgG production from a proprietary CHO cell line with 10 g/L
hydrolysate feed in combination with 10% CD CHO EfficientFeed A using GIBCO
CD OptiCHO as base medium. Addition of hydrolysates to CHO CD EfficientFeed A did
not result in any increase in protein expression. A slight improvement may be indicated
with CHO CD EfficientFeed A alone. Potential osmolality excesses from hydrolysates
added in addition to EfficientFeed additions were not indicated. Soy hydrolysate yielded
expression levels closest to those of CHO CD EfficientFeed A alone with an osmolality
increase of 43 mOsm while the remainder of the hydrolysates averaged only 25 mOsm.
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hydrolysate combinations with the chemically defined supplement gener-
ated the highest yield, while pea and wheat hydrolysate combined with
chemically defined feed generated the lowest bioproductivity. However,
when the chemically defined feed was added alone, it achieved higher pro-
tein yield than the feed and plant hydrolysate combinations. The lower
yields obtained by adding plant hydrolysates and chemically defined feed
together may be explained by osmolality increases, although this was not
investigated, and therefore, cannot be proved in this study.

In the bioreactor study, after the daily addition of 3% v/v soy hydrolysates,
a total cell count of 7 x 106 cells/mL was achieved at day 9, compared to 9–11
x 106 cells/mL with various combinations of defined supplement and feeding
strategies (Figures 3 and 4). The addition of soy hydrolysate resulted in a
lower cell growth rate up to day 9, when the soy bioreactor was terminated
because of contamination. The growth rates of cells grown in the presence of
10% and 3% v/v chemically defined feeds were similar and both achieved a
maximum cell count of ~11 x 106 cells at day 9, while those grown in 15% v/v

chemically defined feeds were lower, with cells achieving a maximum cell
density of ~9 x 106 at day 9.

Cell density does not necessarily have a direct relationship to protein
expression. Cells supplemented with 15% feed A on day 0 and an addition
of 15% feed B on day 6, which achieved the highest cell density, expressed
comparable protein production values to those grown with other feed
strategies. Cells grown in the presence of 3% v/v soy hydrolysate com-
pared to the 3% v/v chemically defined feeds showed slightly less than
half the cell density, yet protein production was only around 10% lower
(0.7 mg/mL at day 9 with soy hydrolysate and 0.8 mg/mL at day 9 with
chemically defined medium). Lower osmolality for the soy hydrolysate
condition may have contributed to the lower productivity seen. Overall,
the best bioproductivity resulted when using a counter-intuitive feeding
strategy—feeding with a relatively large bolus of supplement, both at ini-
tiation of culture and at one more timepoint before the culture lag phase.
Therefore, consideration of multiple defined nutrient supplement formu-
lations is suggested when maximum protein expression is required.

Conclusion
Results demonstrated that for the recombinant CHO cell line studied,
the addition of chemically defined feed to the basal medium produced
approximately a four-fold greater protein yield than any of the four dif-
ferent plant hydrolysates used. Also, culture supplementation with dif-
ferent plant hydrolysates in combination with chemically defined feeds
provided no advantage in terms of increased protein production over the
addition of a chemically defined feed on its own. Supplementing media
with plant hydrolysates may not always be the most efficient choice or
may not offer the same increases in productivity available from chemi-
cally defined feeds. Therefore, when culturing CHO cells for maximum
protein production, it may be worthwhile to compare different feed types.
Bioreactor studies of a different CHO cell line also demonstrated that
chemically defined feeds in the culture provided slightly higher protein
yields than the addition of a soy hydrolysate when the two feeds were
added at the same concentration. In addition, using a higher concentra-
tion of chemically defined feed A on day 0 followed by feed B on day 6
yielded superior bioproductivity and proved the value of including multi-
ple, and sometimes counter-intuitive, feeding strategies when trying to
maximize protein production.

In summary, using chemically defined feeds with CHO cell lines not
only eliminates the variability associated with using plant hydrolysates,
but could also improve the productivity of biopharmaceutical protein
manufacture and help move therapeutic proteins into clinical trials more
rapidly. BP
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Figure 3.  Bioreactor
total cell counts
based on use of
varied fed-batch
customer
production
strategies using
GIBCO CD CHO as
base medium.
Supplementation was
as indicated on the
graph: “%” is based on
total culture volume; A
and B represent CHO
CD EfficientFeed A or
B; days on which

supplementation occurred are in parentheses. Soy hydrolysate
supplementation was added from a stock of 40 g/L. Cell counts are shown as
millions of cells per mL. Results show similar cell growth results using CHO
CD EfficientFeed A and B alone, but soy supplementation resulted in a lower
cell growth rate up to day 9, when the soy bioreactor was terminated because
of contamination.
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Figure 4. Bioreactor
protein titers based
on use of varied fed-
batch customer
production
strategies using
GIBCO CD CHO as
base medium.
Supplementation was
as indicated on the
graph: “%” is based on
total culture volume; A
and B represent CHO
CD EfficientFeed A or
B; days on which
supplementation
occurred are in

parentheses. Soy hydrolysate supplementation was added from a stock of 40
g/L. Protein titer is in mg/mL as determined by ELISA. Maximum bioproduction
was obtained by feeding the bioreactor at 15% of CHO CD EfficientFeed A on
day 0, followed by 15% CHO CD EfficientFeed B on day 6.This schedule
resulted in greater protein expression than those with more numerous feeds of
equal to or even greater total supplementation. Soy hydrolysate
supplementation alone showed the lowest daily accumulation of expressed
protein compared to CHO CD EfficientFeed A and B feeds alone up to day 9,
when the soy bioreactor was terminated because of contamination.
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