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Continuous cultivation of tobacco plant cells in an industrial scale plant. SHont Azecur,*
Tosuio Hasamoto, Tsucto Yuvama, Satostr Nacatsuka, MoToko NAKASHIZUKA,
Tsucuru Nisurvama, and AkIRA MURATA (Odawara Salt Experiment Station, The
Japan Tobacco and Salt Public Corporation, 4-13-20 Sakawa, Odawara, Kanagawa 256,
Japan; *Ceniral Research Institute, The Japan Tobacco and Salt Public Corporation, 6-2
Umegaoka, Midori-ku, Yokohama, Kanagawa 227, Japan) Hakkokogaku 61: 117-128.
1983.

To develop the technique of industrial biomass production of tobacco cells by
continuous cultivation, many experiments were carried out in 200/ and 2,000/ fer-
mentors, using the strain of Nicotiana tabacum L. cv. Bright Yellow-2. In this study, the
cultivation conditions indicated by the above experimental results were applied to a 20 kl
fermentor and the validity of the conditions for stabilizing the continuous culture for a
long time was confirmed.

The residual sugar content in the culture would be an index of the state in the
continuous culture. It was important to maintain this value at over 5 g/ by controlling
the aeration, agitation and dilution rates. An increase of the medium concentration was
required for improving the productivity. The maximum value obtained was 5.82

g'i~*-day~t, when the sugar content in the fresh medium was 37 g/l.
Morphological change of cell aggregates with time in the unstable state ceased in the
stable state and characteristic values became almost constant throughout the run.
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Fig. 1. Model diagram of morphological change of cells in a continuous culture.
Double arrow Morphological change in the cell cycle on batch culture or continuous culture

under the proper conditions.

1-1 Course of morphological change on continuous culture under the more excessive
aeration and agitation conditions. (Aggregates became various shapes like
sponge.) ) ' )

2-2 Course of morphological change on continuous culture under excessive aera-

tion, agitation and dilution rate conditions.
tight clumps with small cells.)

DREULE BB, BIOBEISE, B - HRE
S BB OREETS.

mficiz, ERsES bt‘m”i%ﬁ'rét@t
BHEDL EOBEERIIRATETH - 2.
FSTNXE  RIEROMBEANE@QICDOVTIE,
B CD R — VITHIBRIE D 723, Efbrhod y
YRR SERE T 2 FEEBR L, O ThEfET
HEHTh O & SRR SDA SRR LD S8, B
#1Ed 30 RZFIGEVEEEERS:, k5T
EBTE7. UL, MESQOREEESIII B
HTEBD o7 D BREERH LIBEY 05, &
R B EBICERE T 5 & DRE B,
NG TREEMICH LTEEH4TRISP T,
HIEBENBORMO  £CT, REEREHSR
KT 2 & S OMROREEELE LT, WRELLOBEE

3~4

B~ T & OBR AT 5 C L ERR L.

EISERETIE, BA DS, oL >XE CO/IC,
FRE 7o IR ER OB Fig. 1 O ~EHKHITR
UTzBAY A 7 VB BRI E B 08, % 4 Dk
TR, ZERRHOPAOHEBSHET 2. i, BEK
D BARBISBR TR OBAEIERS & %13, %
WO FREII Fig. 1 O 1-1F 12 2-2 DB A7 &
D, FRRICERBEOE UWMETE & &ICKIEE & s
Ftn « B U CEBRIEIBaILT 2. DV THERR

- T TTER - L

(Aggregates became large and

DOHEIMCECERBEIEKT 55, ZOBKICEL
TEREMET 2 b 250 bhad—F, —80k
EE D MRS EIRY, FUL-1, 220 KE1 L
LA U CHREBEAET XY, g, kxR0
BHE DETECADREEREEL LS. LobL,
RA SRS BRI E R
BZ OfSEIEER &0 ) REERESRET 2, C
EHSRD BTz

HEDOER  Dbbd, %R 5 20K ERED
RERIROEEEHI & Uiz,

no. 1 5Bk : FIBORIEA() & @icid 2 WEOmR
BAERBRECRETS. no. 2 R FREROEE
HICBE S 2 LEEORBERID 5. ZRick B EVE
RETRBENEERE L2 0%, EMBEOBATH
5T EBERAB. no. 3R 1 FRKE & bICEK
DL RAREOEEE DD, BREOREEEE
T4 IR U TR O TREEE b B SR I
Hataﬁ,W%mmﬁﬁm%ﬁfﬁaca%mmb
. iEﬁﬁL@%&&LT BT OB
KERZNS.

HABRRES KUH®

BERG 20K EBE, NE 25m, EAKN
21 m?, %Eﬁ% 10~40 rpm, ]_/2 W@'ﬂﬁﬁﬁ 45° OD}Z:

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

19834E 3 &

# N3 EYPRAIR D B AR 119

BRI BARANE EF2BICZRATHNS. X
N— Y — 3% mm BONMEEE ) v REDTF
ECBIALSE, 05 OBKEMSG—ITIIE XS
L.

BHERERICZEZ, HRABMEBESIERI
BREDIRZH L, 12 MAICBHE T 2 ERORE 7 4 v
£2—%, RyEv=,we.7ra—n (PVA) 28 ET
57 4vF—2BE, BEHBETEAL LR A—FR
—ME7 s vs — 1RO 3 BRERE Ui,

B OEHRREREE LT, KESIB L — PR
BB L, ThICEN S 2 ERERShELZ
1B, 120°C T20MHBEL, 7L — bEPERLA
HBECTEERET THHILL. '

BEER O I, MAEZFIRA L. #Ehox
5 ) —SREABNHEHE O OEE Y — VDN TH,
S OPIcERE I E gL SN L D HIEFD
BREESCEICHRE L, EREERIBREER LY
RT3 HRE U, S RS2 HE Uk,

BB LT, A—h— 8l oEER 201 2001
2,000 ¥eZRE RS U<, DS B 2001 2,000 #ic
REFRHOEFHREREEAR UT, 1D SEkkil s
LTHER L. &9

JOo—Y—b  Fig. 2 i3 20k {2 Jo sk
BRBRO 70—y —} Thsb. 20kl 1k
B, o 1 L HEEHETEE U, chiz7 5 v

FASEOBER AT, BERBICH Y BAEEY
OB TE®L I 5705, HEKESEHDK1/3~

12BELIcC itk 3. coizd, EERERED
MESERERICH U TBREE -7cOT, ERKE
TRE Ul R/ bi, MERLZITENID
RRWICHIR L. WERRET NS 2, EH
BHREZND LTS -7, BB REIT -
7z.

BT, ) YRAERO IRGHEEDL D,
BB &b UOEIcRkT 35—, TR
KHETY YEROEROWERML, MAKZTREL
b EAHBE LS UCIHHICRE, mRERELE
& Table 2 OEEHMERICIL A LS ic Uiz, © KD
R PO BER RS L.

RriE D & BRI~ ORIEIC, WHETRILTF — -
SEEEEARERRS & HE S 228 ER
BEIESHAE FRC 20 [0 7. _

BRAIKIC & 3 BNk B2 RSB O KA B!
LRC THRH LT, MRAICFIZ—EREEZRTY —
S U7z (Table 1, HEHESR).

20k] }ERERDEMET, 207 D 2,0007 ick:
U TI3IR1005 1 SEcb 2Rk,

HEREN KHROLKME Table 1, #bOMRK
% Table 2 IT/RT.

no. 2 & no. 3 WEATIZ, BEHEICXLEEKROHE
HAER A= B0, EOEHZELLUEL Ui,
no. 3 REATIY, BRT 3 &S CHizDREE, Fik
I U CE SRS BT L.

Table 2 OFAHEHIL, Linsmaier & Skoog DE:

TRC
Pic Steam

20007 seed J
tank
TIC? Preheate

YHolding pipe{

Composition I )
~— Coolant

Cooler

—i—Steam
Coolont
TRC :

Heater

-
583

Composition I

Heater (Oil bath)
Medium preparation
tank

20 kIl medium
reservoir

Cooler

» £al B

1,
-ILRC
Lt tet
SJ\TIC Broth reservoir

"20kI fermentor

FRC : Flow record controller

TRC : Temperature record controller
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Fig. 2. Schematic flow diagram of pilot plant for continuous cultures with a 20 kI fermentor.
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Table 1. Experimental conditions. (20 ki fermentor)

Expt. no. 1 Expt. no. 2 Expt. no. 3
Working volume* (kl) 5 or 6 5,65 6. 34
Temperature* (°G) 28 28 28
Pressure* (kg/cm?2G) 0.5 0.7 0.7
Aeration rate* (Nm?3/min) 2~3 3% 3~2, 23%*
Agitation rate (rpm) 20 30 - 35~27.5

" Flow rate of fresh  (kl/day) 1.92 1.85 1.8~2.4

medium*
Dilution rate (day—1) 0.32 or 0. 38 0.33 0. 28~0. 38

Effluence of culture broth*

30 min. with LRC

40 min. with LRC

About 40/ per about  About 50 per about About 50/ per about
40~30 min. with LRC***

* Automatic control, ** Included a little air for the airseal, %¥* Depth change of culture broth with
LRC was about 1 cm.

Table 2. Medium composition.* (mg/l)

NH.NOs 1485 1485 (1) 1733 (1.167) 1827 (1.23)
KNOs 1710 1710 (D) 1996  (1.167) 2103 (1.23)
MgSO47H:0 260 390  (L5) 390 (L.5) 416  (1.6)
MnSOq¢4H:0 22.3 3.6 | 33.6 | 35.7 |
ZnSO47Hz0 10.6 15.9 15.9 17.0
. CuSO4+5H:0 0.025 0.039 0. 039 0.04
Composition 1% \10s-EDTA 37.3 56,1 56,1 59,7
FeSO47H:0 27.8 41.7 41,7 44,5
CaClz-2H20 220 330 330 352
Vitamin By 0.4 0.6 0.6 0.64
2,4-D 0.2 0.3 0.3 0. 32
Sucrose 30000 30000 (1) 35000  (1.167) 37000 (L.23)
KH:PO, 600 900  (L.5) 900  (L5) 960  (1.6)
H;BOs 6.2 9.3 | 9.3 | 9.9 |
Composition [J*kk KI 0.83 1.245 1. 245 1.33
NazMoO42H:0 0.25 0.375 0.375 0.4
CoClz-6H20 0.025 0.0375 0.0375 0.04
Ratio 1.5/1=15  1.5/1.167=1.285 1.6/1.23—1.3

* Concentration of each component in the medium reservoir.

** Linsmaier & Skoog’s medium was changed for this composition. - Main elements, such as nitrogen
and phosphorus, were changed to 0.9 and 3.5 times the concentrations, respectively.

*** Each composition was sterilized separately with each continuous sterilizer to prevent scale from

being deposited on the heating surface.

( )=concn. of used medium/concn. of basal medium = concn. ratio
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Fig. 3. Time course of continuous culture in experiment no. 1.
Refer to Tables 1 and 2 for the experimental conditions and Table 5 for the symbols. The
values of D, u and DX were calculated from the flow rate of fresh medium. Culture broth
was normally yellowish grey, but it turned brown in the unstable state because of cell aggre-
gation, necrosis of a part of the aggregated cells and broken cells. The exit pipe was clogged
with large and compact cell aggregations at the symbol*. The true value of DX was estimated
- to be below 5 g-I-1-day~1 (Table 3).
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Table 3. Results of experiment no. 1.
Dilution rate D day—1 0.38
Dry cell weight X g/l 13
Productivity DX gl tday? 5
Yield v 0.5
Practical yield ¥ 0. 44

Values of D and DX were approximate figures
calculated from the flow rate of fresh medium.
Refer to Table 5 for the other items.
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Fig. 4. 'Time course of continuous culture in experiment no. 2.
Refer to Tables 1 and 2 for the experimental conditions and Table 5 for the symbols. The

values of D, 4 and DX were calculated from the flow rate of efluent.
Xy/X changed periodically, but culture broth was close to the normal colour.

The values of X, §and
Only cylindrical

cells grew in period [A], but they changed into the normal form in period [B]. The average
value of DX increased to 5.18 g/~*day~1 on use of high concentration medium (Table 4).

BREIUEE  HRBEOBRICEOHE:H:
RS L PShcid, REERERIRS 0 ohiso
BEREORETRIAL, no. 1 HERE B L THENL

Table 4. Results of experiment no. 2.

Dilution rate D dayt 0. 309(0. 325)
Dry cell weight X g/l 16.8
Productivity DX gl-iday-1 5.18 (5.46)
Yield v 0.515
Practical yield Y 0. 455

Values in parentheses and others were calculated
from the flow rate of fresh medium and effluent,
respectively. ‘Refer to Table 5 for the other items.

DT T DDA Bz,

[B] MOk %E Table 4 |c7R L7z, Table3 @
LD D /NS, DX BHRKBICKBETH
B35 L5.46/5=1.09iIc K L, £ v /8B LicsE
KRBT X 2 EEDOEEHREY, BEEMEOHETDH
% 5.18glldayl LR o7, HEHBEBICKZEER
HRICLBEEDEINSHTH -7,
CHEHRINGIRE S AU & B HE, WRSE
2D, KEZEEBT3DRIBACEHLL, bI3BEED
BERHEY NIV, FEROMARESRE O=IHE
RBICK BETEEREFETNECEERLTNS.
FIEICEEORRRAIFRIZ 0 D D U7z & &, ke
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Fig. 5. Time course of continuous culture in experiment no. 3.

Experimental conditions, symbols and calculation methods of D, g and DX were the same as
in Fig. 4. Period [A] was the unstable state in which culture broth was brown. Periods [B]
and [C] were the stable state which was achieved by means of adjusting the aeration rate and
keeping the residual sugar content at about 5 gfl. In order to elevate the productivity DX, D
was gradually increased and the average value of DX=5.82g"I~1-day—* was obtained (Table 5).
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Table 5. Results of experiment no. 3.
. . : [A] [B] (G
Period (cf. Fig. 5) ‘
e Total  Total-A” A’ Total B’ Total (04
Days ' 30 18 12 14 7 22 14
pH of culture 5,95 5.92  6.00 5, 82 5. 86 5.92 597
pH of cell squeeze _ 6.01 6. 04 5.96 5.93 6,04 6. 08 6,12
Fresh cell weight Xy gl 312 279 361 235 238 274 283 -
Dry cell weight X gl 17.4 17.9 16.7 17,1 17.5 16.5 16, 4
Xzl X 18.0 15.6 217 13.7 13.6 16.6 17.2
Flow rate of fresh medium F  kl/day 2.00 2.00 2.01 2.11 2.05 2.27 2.29
Flow rate of effluent F* Kklf/day 1.94 1.93 1.96 2.07 2.02 2.23 2.2
Dilution rate D day 0.306 0.304 0.309 0.327 0.318 0.352 0.355
Specific growth rate #  day?! 0.301 0.292 0.313 0.325 0.317  0.350 0. 354
Productivity ' . DXgldayl 5,32 5. 43 5.15 5,62 5.57 5.82 5. 82
Sugar content in filtrate § g/l 2.79 . 3.23 2.14 5.31 4,69 5.37 5.61
Consumption ratio of sugar S, ' 0. 950 0.939 0.965  0.893 0.904  0.897 0. 893
Yield y 0.483  0.502 0.453  0.511 0.515  0.489 = 0.489
Practical yield y 0. 458 0.471  0.437 0.456 0.466 0,439 0. 437
Heat of fermentation Q cal'g~1-h=1 40.5 34.5 49,7 30.2 33.3 33.5 33,2

Values of D, u# and DX were calculated from F*,

Values of " were the ratios of dry cell weight to sugar used in the medium. They equal »S,.
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