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Estimation of Cell Concentration by Light Transmitter During the Culture of
Methylotrophic Yeast Pichia pastoris
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The multiple correlation coefficient between the values determined by dry weight and those determined by fluorometer was
observed with r=0.96 and the standard error of calibration was 0.034. Using the best calibration data, in order to reconfirm
the reliability of the fluorometer results in comparison with those obtained by dry weight on the cell concentration, fed-
batch cultures were carried out. The results obtained by fluorometer measurements were in good agreement with those
obtained by dry weight. The on-line monitoring of cell concentration by the fermentor system linked to a computer equipped
with fluorometer was successfully carried out.
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There are various methods for monitoring the cell concen- and rice bran (Yano et al., 1999) and management of mix-
tration by on-line or off-line, for example, the control of  ing process in preparation of solid media used for mush-
carbon source concentration using an independent param- room cultivation (Yano ez al., 2000).

eter such as the amount of oxygen consumed, amount of Generally, for the measurement of cell concentration

carbon dioxide exhausted, amount of the by-products pro- in the culture broth, dry weight, packed cell volume,
duced, and amount of ammonia used while using carbon DNA, and optical density methods using spectroscopy
source in an amount obtained by multiplying them with a requiring that samples be taken from the reactor have
predetermined proportional coefficient (Armiger er al., been used for a long time. We previously used the spec-
1985). However, microbial activity by these methods dur- troscopy and dry weight for the measurement of cell con-
ing the culture were difficult to be measured with high centration for high cell culture of methylotrophic yeast
accuracy so that in some instances the concentration can Pichia pastoris using Jar fermentor by off-line (Uehara et
not be measured effectively when the activity has abnor- al., 2000). This method can create concerns for contami-
mally changed. Recently, in order to overcome these prob- natioh, can restrict the number of samples taken from the
lems, the noninvasive and nondestructive methods have reactor, and can complicate the automation schemes dur-
been applied (Stark et al., 1986). The spectroscopic meth- ing the culture.

ods provided a promising alternative for the monitoring of In this study, in order to measure the cell concentration
the reactor. Such methods were used to rapidly quantify using the fluorometer during the culture of methy-
the concentration of various species in aqueous systerns. lotrophic yeast Pichia pastoris at the on-line monitoring
The spectroscopy quantifications are based. on introduc- system, the multiple correlation coefficients between the
ing a beam of Near-infrared radiation to a sample, collect- values determined by dry weight and those determined by
ing transmittaned or reflected light, and correlating the  fluorometer was investigated. Using the best calibration
amount and frequencies of light absorbed to the composi- data, fed-batch cultures were also carried out.

tion of sample. This quantification process is rapid,

requires no sample preparation, and can be used to quan-  Materials and Methods

tify the concentration of sample species simultancously

(Osborne et al., 1986). In a number of bacterial puli_:ures, Microorganisms, medium, and culture conditions.

the cell concentration using Lactobacillus casei (Ge é; al., The strain used in this study was Pichia pastoris Mut s

1994) and Escherichia coli have been similarly quantified G2-66319. The composition of the agar slant medium

by NIR spectroscopy. The NIR spectroscopy has been used was as follows (g/l): glucose, 50; peptone, 20;

also applied to the. measurement of the centent of water NaNO,, 2; MgS0,-7H,0, 1; yeast extract, 3. The composi-
‘ tion of the seed medium used in the seed culture was as

*Corresponding author <E-mail: choidubok@hotmail.com> follows {(g/l): glycerol, 10; yeast nitrogen base w/o amino
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acids, 6.7; yeast extract, 6.7; polypeptone, 20; and biotin
0.4 mg (Uhehara et al., 2000). All the media components
were sterilized at 121°C and 1.2 atm for 20 min. The pH
of the media was adjusted to 6.0 before sterilization. One
looful of Pichia pastoris 66319 was transferred to the
slant medium and cultured at 30°C for 5d. Then, one
looful of the slant culture of Pichia pastoris Mut s G2-
66319 was inoculated into a 500 m/ Erlenmeyer flask con-
taining 50 m! of the seed medium and cultured at 28°C for
1d on a reciprocating shaker at 150 rpm. The dissolved
oxygen concentration in the culture broth was measured
by a DO sensor (Marubishi MDL-300). In order to maintain
DO concentration at 20~30%, oxygen-enriched air (30%)
was supplied throughout the experiment and the oxygen
concentration was controlled by oxygen concentrator.

Cell concentration. The cell concentration was mea-
sured by dry weight as follows; a sample of culture broth
has centrifuged at 3000 rpm for 15 min, removed the
supernatant, and filtrated by the filter paper (Sartorius 0. 8
micro). The filtrated cell was dried at 80°C for 12 hr and
the dried cell was weighed.

On-line systems using the light transmitter. Schematic
diagram for on-line monitoring of the cell concentration
during the culture of Pichia pastoris Mut s G2-66319was
shown in Fig. 1. The on-line systems were consisted of
reactor, computer, and interface. The fluorometer was set
into the reactor directly. It was consisted of optical filter
passing 366 nm and 460 nm light fluorometer, photo muti-
plier, lamp supply and detecter. It measures the amount of
light that passes through a process fluid and has a little
effect: through microorganism itself and radiation materi-
als remdined at the culture broth by intercepting below
366 nm of wavelength using infrared filter.

The measurement of cell concentration by the fluorom-
eter was carried out under follow conditions: The cell
concentration was measured by the transmitted light at
20 min intervals. The culture was irradiated with light
near 366 nm by using a fluorometer ultraviolet lamp and
an optical filter (flurometer CT corning optical products,
Inc., USA). This light excited the culture, causing it to flu-
oroesce near 460 nm. The fluoresent light was measured
using a photomultiplier that was filtered to screen out.
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Fig. 2. Fluorometer system for measuring the cell concen-
tration.

Result and Discussion

Calibration of cell concentration. In order to perform
the calibration using dry weight and fluorometer, various
samples were measured. The cell concentrations in the
calibration sample set were determined and compared
with the actual values. All samples were taken from the
reactor at irregular intervals. The cell concentration was
measured by dry weight.

The results are shown in Fig. 3 and Table 1. In Fig. 3,
the values determined by the fluorometer were plotted on
the vertical axis and the dry weight, on the horizontal
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Fig. 3. Relationship between values by light transmitter and
dry weight.

Table 1. Summary of calibration results for cell concentration
using culture broth

Fig. 1. On-line monitoring system for measuring the cell
concentration.

N SD R SEC B
45 1.25 0.96 0.034 —0.25

‘N, Number of samples; SD, Standard Deviation; R, Multiple Corre-
lation Coefficient; SEC, Standard Error of Calibration; and B, bias.
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Fig. 4. Comparison of values measured by light transmitter
and conventional method in batch culture.

axis. The regression equation of calibration was Y = 0.96x
—0.267. The multiple correlation coefficient between the
dry weight and those determined by fluorometer was
observed with r=0.96 and the standard error of calibra-
tion was 0.034,

Comparison of cell concentration measured by fluo-
rometer and conventional methods in batch culture.
In order to reconfirm the reliability of the by fluorometer
results in comparison with those obtained by conven-
tional methods on the cell concentration, the batch cul-
tures were carried out in a 5/ fermentor containing 3 / of
initial volume comprising glycerol, 40; yeast nitrogen base
w/o amino acids, 10; yeast extract, 6.7; polypeptone, 20;
and biotin, 0.4 mg. Agitation rate was fixed at 600 rpm
and aeration was also fixed at 1.0 vvm. The sensor direc-
tion was also fixed at 180°. The results are shown in Fig.
4. The results obtained by by fluorometer measurements
were not showed any significant differences in compari-
son with those obtained by conventional methods.

On-line monitoring for measuring the cell concentra-
tion in fed batch culture. Using the best calibration
data, the on-line monitoring system of cell concentration
by the fermentor system linked to a computer equipped
with fluorometer was developed. In order to reconfirm the
reliability of the fluorometer results in comparison with
dry weight on the cell concentration, fed-batch cultures
were carried out. For fed culture in 5 [ fermentor contain-
ing 2.51 of initial working volume, the initial medium
used was as follows (g/1): glycerol, 50; yeast nitrogen base
w/o amino acids, 20; yeast extract, 20; polypeptone, 30;
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Fig. 5. On-line monitoring of cell concentration measured by
fluorometer and conventional method in fed batch
culture.

and biotin, 0.8 mg. Fifties of glycerol was added to fer-
mentor every 24 h. The culture was maintained at 28°C
for 160 hr. Agitation rate was fixed at 600 rpm and aera-
tion was also fixed at 1.0 vvm. The sensor direction was
also fixed at 180°. The results are- shown in Fig. 5. The
results obtained by fluorometer measurements were in
good agreement with conventional method. The on-line
monitoring system of cell concentration was successfully
carried out.
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