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SLMMARY 

A simple and convenient technique was developed based on the ptinciplc of 
Warburg manomcttic method to measure O2 uptake rate (OUR) and CO, evolution rate 
(CER) of suspended cells in a shake flask culture. It was successfully applied to 
suspension cultures of rice (O~ZQ sativa) and Puzux nofoginseng cells, and some 
important bioprocess paramctcrs, such as OUR, CER, respiratory quotient (RQ), specific 
OUR (SOUR) and specific CER (SCER), were quantitatively obtained. The measuring 
system is easy to operate, able to treat many samples simultaneously and is economical. 

INTKODUCTION 

Several methods for measuring O2 uptake rate (OUR) of cultured cells are used 

routinely: Warburg manometric method (Umbreit et tih, 1972); O2 balance method by 

monitoring 0, lcvcls in the inlet and exhaust gases in a bioreactor; and dynamic method 

using 0, clcctrode. In the manometric method. a Warburg respirometer is required and it 

is also difIiicul1 to aseptically measure the cultured cells during L;ultivation. The osygen 

balance method is usually used in a large-si;alc biorcactor, and it requires a gas analyzer 

(Bond et til., 1988; Zhong ei ill., 1994) or a mass spectrometer (Nikolova et cd., 1991). 
The dynamic: method is also usually used for biorcactor cultivations; for shake flask 

c;ultivations. it rcyuircs a special shake tlask besides an O2 clcctrodc. It is obvious that an 

expcrimcntal system using these methods is rather complicated and relatively expensive; it 
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is difFicult to monitor OUK of cells aseptically during flask cultivation, or impossible to 

treat many samples simultaneously. 

In plant cell cultures, shake flask culture is an indispensable stage of cultivation. 

Effects of various culture conditions such as medium components on the physiological 

and metabolic behaviours of plant cells are usually investigated in a shake flask. Selection 

of cell lines and preliminary scale-up studies are also conducted using a flask cultivation 

system. These investigations are very essential and critical to bioprocess control and 

optimization in a bioreactor on a large-scale. IIowever, to the best of our knowledge, 

there is yet no research regarding the monitoring of OUK, CO, evolution rate (CER) and 

respiratory quotient (RQ) in shake flask cultures of plant cells. In this article, based on 

the principle of ii’arburg manomettic method, ~vc First dcvelopcd a simple and 

convenient system for measuting the paramctcrs OUR and CER of plant cells in a shake 

flask, then successfully applied the system to suspension cultures of both Iice and 

notoginseng cells in a tlask culture. 

Plant cells, medium and culture conditions Suspension cultures of rice cells 
(Olyza SLIIZV’U) and notoginscng cells (Paniu- noto~znseng) were used it1 the present 
study. Rice cells were cultured in N, medium (Chu et irl., 1975) plus 30 g sucrose;/, 2 
mg 2,4-dichlorophenoxyacetic acid (2,4-D):I and 0.2 mg kinetin (KT).‘I (Wen and 
Zhong, 1995). Notoginseng cells were cultured in Murashigc and Skoog medium 
(Murashigc and Skoog, 1962) supplemented with 30 g sucroscll. 2 mg 2,4-Dil and 0.7 
mg KTil (Zhong and Zhu. 1995). Both of them were inoculated in a 250 ml shake flask 
containing 50 ml medium, and cultivated at 25OC under darkness (Wen and Zhong, 
1995; Zhong and Zhu, 1995). 

Medium feeding During cultivation of rice cells, both carbon and nitrogen sources 
were fed into the flask cultures on the 14th day of cultivation. The feed medium for each 
250 ml flask was 1.5 g sucrose, 141.5 mg KN03 and 23.2 mg (NH4)4S04. 

Analyses Dry cell weight was measured as follows. The cells of a sample were 
filtered under vacuum. washed with deionized water for scvcral times. then dried under 
6OoC for ca. 48 h until the cell weight is constant (Wen and Zhong, 1995). Residual 
sugar concentration was dctcrrnincd using the method of phenol-concentrated sulfuric 
acid as dcscribcd prckiously (Zhong et al., 1993). 

HESL’LI’S AND DISCT JSSION 

1. A System for h,leasuring 01 JR and (‘1r.K of Cell <lultures in a Shake Flask 

AII experimental system for measuring OI!K and CEK ot’ a llask culture is 
developed as shown in Fig. 1. ‘I‘hc whole system with incubation shaker is under 

temperature-controlled environment. During cultivation, the cells take up 0, and give out 
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CO, which is rapidly absorbed by the alkaline solution of the little bottle in the flask (Fig. 

A). For the measurement of OUR and CER, the pinch valve (as shown in Fig. 1) is 

closed, and the pressure of the closed system decreases due to the consumption of 0, in 

the air. Thus, the OUR value can be obtained by monitoring the dynamic decrease of the 

system pressure. If the cell concentration is known, specific OUR (SOUR) can be further 

obtained. The calculation formula are as follows. 

OUR = Kdh/‘dt (1) 
SOUR =: OUIb’X (2) 

I Iere K = pgv!RT (3) 
where X is cell concentration; p is the density of liquid in manometer; g is 

acceleration of gravity (a constant); v is the gas volume inside the whole system 

(determined as described below); R is gas constant; T is tempcraturc; h is the height of 

liquid column in manometer; t = time. 

The value of v is determined by subtracting the volume of fluid in vessel(s) (i.e., 

250 mf flask for Fig. lB, and both 250 ml flask and 20 ml bottle for Fig. 1.4) from the 

total volume within the system (Fig. 1). The total volume within the system is determined 

as follows: In a temperature-constant room (25OC) the clean dry whole system is 

weighed, and it is then ficd with distilled water which has been boiled to remove 

dissolved gases and cooled to 25OC. U’ater is added until the level just reaches the 

reference point on closed arm of manometer, then the whole system is wcighcd. From 

the tcmpcramre of the water its density can be ascertained, and the volume of the whole 

system can bc calculated. To improve the accuracy of the method, in our case the v value 

is determined for different ilasks, and a rubber bung used to seal the system is pushed in 

tightly to give the same internal volume for a specific flask. 

Figure 1. Lxperimental system for measuring OUR and CER of shake flask cultures. 
.4, system with a 20 ml alkaline solution-containing bottle; B, system without the bottle. 
In the figure: 1: glass tube; 2, waler; 3. pinch valve; 4, cotton plug; 5, rubber bung; 6, 
250 ml flask; 7, medium; 8, stainless steel wire for securing of the bottle 9; 9, 20 ml 
bottle: 10. 10% KOII solution (3 mL). 

For system 13: the pressure change inside the flask is d&x-mined by the 

consumption of‘ 0, over the production of CO,. i.e., 
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IfCER>OUR K dh/‘dt = CER - OUR (4) 

IfCER<OUR K dhidt = OUR - CER (5) 
Because OUR value is available from the system A, thus the CER value can be 

obtained from Eq. 4 or 5. 

2. Application 

2.1 Monitoring of OUR and CEK in batch and fed-batch cultures of rice cells 

Figures 2A and 2B show the time profiles of both the celI growth and residual 

sugar concentration in batch and fed-batch cultures of rice cells in a shake flask. The 

dynamic changes of OUK and CER during cultivation were measured using the above- 

described technique (Fig. 2C). The corresponding values of SOUR and SCEK were 

obtained after measuring the cell mass in a flask. Figure 2D indicates that at the lag 

phase, the values of- SOIJR, SCER and RQ (respiratory quotient, i.e., CER/OUR) were 

quite low. These parameters reached maximum at an early stage of linear growth phase, 

i.e., 2.30 ~01 0,/g DWsmin, 2.65 pm01 COzrg DW.min and 1.15, respectively. Later, 

the values of SOUR and SCER suddenly decreased. The RQ value was maintained at 

about 1 .O from the 4th to 14th day of cultivation with little change. After the 14th day, 

the RQ decreased rapidly. 
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Figure 2. Time profiles of the growth (A), residual sugar concentration (B)? OUR and 
CER (C), as well as SOUR, SCER and KQ (I~) in batch and Id-batch cultures of rice 
cells in a 250 ml shake flask. In the figure, the arrow indicates the point of medium 
feeding, and the dark symbols rcprcscnt the data after medium feeding. 
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In a fed-batch culture. carbon and nitrogen sources were supplcmentcd to the 

medium on the 14th day of cultivation. The OUR and CEK after feeding \vcrc also 

measured using this method. Figure 2 shows that the cell mass, W-N and CER values 

increased after feeding. The values of SOUR, SCEK and KQ of the cells under Seeding 

(f‘ed-batch culture) \vcre much hi&r than those \vithout feeding (batch culture) (Fig. 

211). ‘I’his indicates that the effect of nutrient feeding on the cells’ physiological and 

metabolic behaviours can be accurately monitored by the system. A tirther study of the 

nutrient feeding stratca is however reyuircd. 

2.2 Monitoring of OUR and <:EX in notoginseng cdl cultures 

Suspension cultures of P~MX notopnscng were also used in our experiments to 

f!urthcr vcfi the applicability of the dcwlopcd measuring system. Figure 3 shows the 

time prolilcs of the cell growth (A), OUR. CER (I3), as well as SOUR. SCER and RQ 

(C) of the cell cultures in a 250-m/ shake flask. The maximum values of SOUR and 

SCF.1~ were 2.52 ~01 OzSg D?V~min and 1.83 pmol COz.g l>W:min, respcctivcly (at the 

early slagc of growth phase). ‘I‘hc values of these hvo paramctcrs maintained at a 

relatively high level until 111~ 13th day of cultivation! then dccrcased rapidly until the end 

of cultivation (the 18th day). Their change pattern is di&cnt from that of rice cell 

cultures, but similar to the cast of /‘erillu,frutescens cell cultures in a bioreactor (%hong 

et J., 1994). The value of‘ RQ maintained at about 0.7-0.8 during the v,hole growth 

phase. and had a sharp decrease at the end of cultivation. The change pattern of RQ is 

similar to that of both rice cell cultures as dcscribcd above and P. fiutescens cell cultures 

under a 10%. agitation speed in a biorcactor (Zhong et 21.. 1994). 
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Figure 3. Dynamic changes in the cell groivth (A). OLX and CER (ES). as well as 
SOIJK, SC13 and RQ (C) in suspension cultures of PLwz nor~grnseng cells in a Flask. 
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