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Two-dimensional (2D) spectrofiuorometer is often used to monitor various fermentation processes. The change in
fluorescence intensities resulting from various combinations of excitation and emission wavelengths is investigated by using a
spectra subtraction technique. But it has a limited capacity to classify the entire fluorescence spectra gathered during
fermentations and to extract some useful information from the data. This study shows that the self-organizing map (SOM) is
a useful and interpretative method for classification of the entire gamut of fluorescence spectral data and selection of some
combinations of excitation and emission wavelengths, which have useful fluorometric information. Some results such as
normalized weights and variances indicate that the SOM network is capable of interpreting the fermentation processes of S.
cerevisiae and recombinant E. coli monitored by a 2D spectrofluorometer.
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I F8% ARE FE39 FAHE YT £ gle F
AEE AT (Principal component analysis, PCA), ¥-& &4}

B4 (partial least square regression analysis, PLS)¥ Z&
o JARE A ¢xngFel a7t 28y PCAS

AEFAAA S48 FFvolds) vdFBAY Us F
BAUFEY sHd HE&atr|a 44 Fo

Z} 71223}t (self-organizing map. SOM)S HIZHS A A7
(unsupervised neural network) ¥ ilg]&o]| &3l PCAY v)
Ag Az 7HFEo Mtk SOME thodh ERAZE
B dolze HlHY dolHY EF EX glo] #$-
4Es gdoln $8480 ¥ dagFolth A& £H,
SOM2- 3 2} 71 ¥ %5 (nuclear magnetic resonance, NMR)Z= % E
 dolEE 2737 A3 AL EH o], AR TEAA
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Table 1. Fermentation processes for the production of ALA by recombinant
E. coli and for the production of Glutathione by Sacchariomyces cerevisiae

M1 FM2 YFI YF2
Culture
medium MS8 LB SM SM
PH 62 pH 65 PH 5.5 PH 55
ooy A1 T 3 € 0T 30 T
c£1ditior%s I vwm I vvm 1 vvm 1 vwm
450 rpm 450 1pm 350 tpm 350 pm

Addition of Succinic acid.
other LA, Glycine
components IPTG

Glut+Gly(at 0 Glut+Gly(at

> Succinic acid,
» LA, Glycine, h) Cy}f)(at 11 11 }11)1 %'s(at

ALAAALS Q&) A Z2F Z8}2v]) = pFLS45E E. coli BL21
(DE) pLysS (Invitrogen Co., USA)l| =93} t}. A 2% )4+
o oJ3 ALA A4HS 3 HLn)A] o} EFu 27t AFEH YL
M, 24z} AFA (§A4 FE}o]a)9t ALADS] A A
(levulinic acid)E A7}stHh dA4d YaEE 37C, 1 vwm, 400
mpmé] ZHNA FHSIP o THF, F1F F 712 4
5 71E A § AL o] =& o] W83 Z2TH(1s).

85 S cerevisise ATCC7754 (American Type Cell
Collections, USA)+< glutathione (GSH)2] A A+ 93 AL-&-5)
Ao} W E = pH 5.5,30°C, 350 rpm, 1 vwm&] Z A0 A 4233}
Aok wWFHAE HAuWAE o] &3tgen, ExY, ¢
(NaCl, KH,POs, KCI, MgSOy), 1] g4 89, vl ehe]
of & GSHY A4S 8 A7A (FF 84 A2, 28
o] A7} AZLE Ach(16). A E W AAHEQ GSHE E4-2 A
¥E 3 SRFE A, d4dEestn 4 SF LA
A& EA1Z] & ultrasonic processor (20 KHz: output power 30
w, sonics & materials Inc,. USA)E o}-&38}o] 15%71, 33 28
s A% 283 A4 F A45AF ghiatione
reductase, 5.5-dithiobis (2-nitobenzoic acid)9}2] & ABF-S-§ o]
$3le] GSHY) FEE AT, A28e BEE
cuppet ion (II), iron ion (IIf)3} 1.10- phenmonchydrate A}] 2]
HEg-oll 7)1 2§ DA & 0] &3 TH(18).

x| =3 82 (SOM)
ANzH0%e A 4 HolHES AAAY 32
©2 TGN 5, SOME YL E S 7ol 75184l B
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Figure 1. The overall working process for the classification of the diverse
2D fluorescence spectral data within the SOM network.
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Figure 2. Mean variances with respect to the number of classes in a class
distribution card.
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Table 2. Numbers of central regions for the fermentation processes of FM1

and FM2

Class 1 | Class 2

Class 3 [ Class 4 | Class 5 | Class 6

Class 7

Class 8

13 5

14 8

20 13

FM2| 13

11 20
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Figure 4. Comparison of the normalized weights of some classes with on- and off-line measurement data during the fermentation process FM1 ((a); class 3-4 vs.

DCW & DO: (b); class 5-6 vs. ALA: (¢); class 7-8 vs. CPR & OUR).
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Figure 5. Comparison of the normalized weights of some classes with on- and off-line measurement data during the fermentation process FM2 ((a); class 4-6 vs.
ALA: (b); class 7-8 vs. DCW & CFU: (c); class 1-2 vs. CPR & OUR).
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Table 3. Numbers of central regions for the fermentations of S. cerevisiae
with the addition of different precursors (YF1 and YF2)

CRem YRAAE 1A HUHAY. F

Class 1 | Class2 | Class 3 | Class 4 | Class 5 | Class 6 | Class 7
YF1 27 19 25 10 17
YF2 8 11 9 10 23 19 18
S. cerevisiae ¥EZA (YF1, YR2)olA] 28 o] @&
TEAHE ARSI A YFLIlA 1& 59 69 HF w4 &
olx 5% w|gtolt}y. g YR|A 1F 73 8¢9 HHiAt
Aol 5% wlgelth. Webq YFI YRl ol 3%
~HEP dolgee A4 /MY T 1§oE ERIAL

W, 7t 289 34
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52709
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Figure 6. Time courses of the normalized weights of class 1 and class 2 in
YF1 and class 4 in YF2, and cell mass concentrations during the
fermentations of S. cerevisiae with YF1 and YF2.
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YF2 with concentrations of cysteine.
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NOTATION
ALA 5- Aminolevulinic acid (mg/L})
ALAS  Aminolevulinate synthetase
BPNN  Backpropagation neural network
C Class

CFU Colony forming units
CPR Carbon dioxide production rate (mM/min)

d Distance between the winning neuron and the input neuron I
DCW  Dry cell weight (g/L)

DO Dissolved oxygen concentration (%)

EGFP  Enhanced green fluorescent protein

GSH Glutathione

ho(i,k)  Neighborhood size of the winning neuron p at iteration of k
i,jsp Neuron
I(s,r) Fluorescence intensity of a spectral component in a class
at one determined time
IPTG  Isopropylthiogalactoside
k Training time or number of iterations

LA Levulinic acid
LB Luria Bertini

M Number of classes
n Number of spectral components in the class
OUR Oxygen uptake rate (mM/min)

PCA Principal component analysis
PLS Partial least square regression analysis

r Present number in the fluorescence spectrum
s Spectral components in a class i
SOM  Self-organizing map
T Number of spectral components in a class
VAR; (r) Time-dependent variance of the fluorescence intensities
of all spectral components in a class
VAR,  Mean variance of the fluorescence intensities for all spectral

components of all classes in a distribution card

wi,wp  Individual weight vectoror winning neuron
with the corresponding weight vector
Xj Input vector
YF1, YF2 Fermentation processes by S. cerevisiae Greek letters
(3] Learning rate at iteration of k
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