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M Abstract

Twenty kinds of amino acids are the building blocks of proteins. Many useful characteristics have been found in amino acids, and they
are used as "umami" seasoning, medicines, feed-additives, chemicals, cosmetics, and so on.

Amino acids are now manufactured by three methods : extraction from acid-hydrolysates of various proteins, chemical synthesis, and
fermentation. Among these, fermentation is dominant. Amino acid fermentations, in which microbes are used to produce amino acids, was
conceived in Japan and has been developed with Japanese techniques. More than 70% of the world's supplies of amino acids are now man-
ufactured by fermentation processes.

This report provides a systematic survey of amino acids fermentation techniques, tracing the history of the development and overview-
ing future prospects.

Monosodium glutamic acid (MSG), which was the first amino acid to be commercialized as a seasoning in 1908 under the brand name of
"Ajinomoto" by S. Suzuki, the progenitor of Ajinomoto Co, on the basis of an invention by K. Ikeda, a professor at Tokyo Imperial University.
This production process, extraction from wheat and soybean proteins, continued successfully for about 50 years. However, the process had
drawbacks: the high cost of raw materials and the problems of using hot hydrochloric acid in the manufacturing facilities. New approaches
were searched for from the direction of both chemical synthesis and fermentation. However, the concept of producing glutamic acid by chem-
ical synthesis was not accepted by consumers. The first successful fermentative production of glutamic acid was achieved by Kyowa Hakko
in 1957, by finding a novel glutamate-producing bacterium, Corynebacterium glutamicum, and establishing culturing methods.

Producers of the other 15 amino acids beside glutamic acid were successfully bred by deriving auxotrophic mutants and analog-resis-
tant mutants, and production was expanded to the industrial scale.

Techniques in fermentation are made up of four parts:breeding of producing strains, large-scale culturing, isolation and purification of
amino acids from culture liquids, and plant engineering. Among these, the breeding of strains is the most important and fundamental tech-
nique. Wild type bacteria have intracellular metabolic regulation mechanisms for preventing over-production of essential metabolites such
as amino acids, so the breeding of strains involves deregulating these mechanisms through the application of scientific information from
biochemistry, genetics, and genetic engineering techniques.

Deregulated production achievements include the following. Glutamic acid fermentation was accomplished by culturing C. glutamicum
under optimum conditions corresponding to its characteristics. Producers of the other 15 amino acid were derived as auxotrophic mutants
and amino acid-analog resistant mutants, as mentioned above, from C. glutamicum, E. coli, S. marcescens, and so on. Another approach for
amino acid production is the enzymatic conversion to amino acids of cheaply available materials, such as intermediates of the chemical syn-
thesis of amino acids. Bioreactors, which contain immobilized enzymes and/or enzyme-containing bacterial cells as catalysts, have been used
for long-term production with stable and repeated uses.

Breeding methods have been improved drastically by recombinant DNA techniques, which appeared in the 1970' and provided tools for the
isolation, amplification, and modification of DNA. As a result, enzymes of amino acid synthesis could be changed for better production of amino
acids. A genetically improved high producer of threonine was constructed by amplifying threonine-producing enzymes, and indusrtialized.

Large-scale cultures for amino acid production were established by modelling the techniques developed for the production of antibiotics. The pro-
ductivity of amino acids was improved by supplying a high concentration of oxygen to the culture medium, by using fed-batch cultures, and so on.

The isolation and purification of amino acids accumulated in culture liquids are important steps that determine the quality and final cost
of amino acids. Plant engineering for large-scale cultures and purification processes are controlled by computer-control systems.

Starch, crude sugar, and molasses are the raw materials for amino acid fermentation. In these processes, a major portion of the cost of
amino acids is the price of raw materials. Thus, amino acid plants have been constructed mainly in areas, where raw materials are pro-
duced, all over the world except in Africa and Oceania. As a result, the amounts of amino acids produced in domestic plants have been
reduced rapidly. The amount of amino acids produced is increasing steadily. Among them, the world supply of MSG was estimated to
reach 1.7 million tons in 2005.

Fermentation processes are harmonious with the enviroment, like the brewing processes of "sake" and soy sauce. In the MSG plants of
Ajinomoto Co. of Indonesia and Brazil, waste waters, which contains bacterial cells, ions of ammonia, potassium, and phosphate, and some
minerals, are recycled on farms that produce sugar cane, coffee, and so on, as a good fertilizer.

The supplementation of amino acids, which are deficient in cereals for domestic animals, improves the amino acid balance of feeds,
enabling a reduction in the release of ammonia in excrement, and reducing pollution of the atomosphere, rivers, and lakes.

In around 1970, the safety problem of amino acids arose in consumer's movements. However, the FDA concluded that all the amino
acids were safe compounds, judging from many scientific demonstrations, and fair and open discussions.

Demand for amino acid will continue to increase in the future, because alternatives to them cannot be found.

A big problem, nowadays and in the future, is the rise of raw material prices, especially in competition with materials for bioethanol.
Therefore, the most important subject for Japan, as a progenitor, is making use of advanced techniques to overcome foreign competitors,
who have secured cheaper raw materials. For this purpose, the construction of novel producer strains having the highest yields are
expected to improve metabolic flows to amino acids through the application of genetic informations and genetic techniques. It should also
lead to the construction of new strains that can produce amino acids effectively from raw materials, such as biomasses, methanol, and COz,
which are not in competition with bioethanol and materials for foods.

Novel techniques for the production of peptides have been reported recently. As peptides are prepared from amino acids, the science
and technology of peptides will be ranked as an extended field of amino acid fermentation. In the near future, new and big developments
for peptides may be expected for physiologically active substances such as hormones.
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WaeTay 7 LKW ORBIERERK TR, T
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KT DREICHBNICT 4 — F Ny ZHEEN S, K
Y VBAKKBREIRKEL T RELY ¥Rk
. AELY Y (HBVIEALF=ZVERXAFFZY)
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p (=" TWR), TAATHUCMEITATE FElh L TEMIZERESATY &
CHEMEND Z L EET,



FRT 285 FVBE I 7IVFL FOERICANE S
ZH, RERY VHRKEHEPRELTWE2D, A
VA= Vi3 hg, )Y VIR CRRE A &
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PERRDS 09, FLTNF VERELL Y MV VA
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PERMEREZ VS B, REOLEEZ L7720
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AW BEPOBABH 72, 2F 0. 73I VBER
PICF 2B LIZZEDT I VBOERE Ty 7 8T
Wh7h, INLOEERIHONZVWI EERLT
Who TNHDRME —FHITHRLIZOHPATITEHT
7 Fa ZiErk O TH - 72,0

I 4 6 {LBmEOZER (3)
O hiREMETIRT BEE

7 I BORHHEIZ I E LTHBRIS ORISR
OMETITbNLTVS (43), L7zd3-> T, W5EHEER
VKOS, 5 WIEH A FIZh2WE» S DK
A AT FEAR IR B 2 2D T, TOMEIIDH S
7 X BOFBARLHRAE T I 2 RICERT S L
BHREE £ bhi ALA =V ORIBMATH 5K E
)y RAVF= VT, PYT T 7 Y ORIRATH
AT VATZVEE, HEVEAL Y F=VE MY T T
7N TR NVBETANIF VI, 7)Y v %
) L ALEER L - T I VB E AL VE A Y
VICEBT DR EOPTH B, Kk S oRibRA
Rk I (FR) L LTT IV BICEHRTED
WhEAZ ) ==Y 732%b0T, HIHHI#HZ
ZULHEBEREELGBICHEL TR EED L) LT
2b0THb, 2H LTHMLETHAEERFHON
e, ShHoDHEDLE L BERLIN o7,
ZOENZ, R E U TR 2 1 BRAAR R v R 4k 2
EMTH oz &b, ATITRT 7 F 1 k% Bk
FHOWTEZL D7 I ) BOBEEREEI L S
N2 ThHb. EAITKYLzDIX. 73—
B X9 \HBWZAMCE SN KNS 07 A%
FIE¥VR., TI=VEE. TFu S ARk TR
WMTE%Z W, D-p— FRFIY T2 VTY TR
VATFAVTHB. TNHIFASTHMMICEL T

WX BAEEE LTEMMEINZ, 4 7Hus
T PERR DA DB 5 722 YIELIES S D, 7
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4.7 (LEHIE DR (4)
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HhIFFov, AbF=vicwindba-7I/-f—
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I I I I I
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syltransferase® &t A F ¥ V2 X B BHERBRI» N T
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B BRI X5 HR Y R L TR EIE T E &
WEWH DD D, ZOMEE 2R L., FEE
il D X 5 I /D) S & W HEIC Lz DsEER O
EALEM TH B0 2O X9 RREELREFE ZFIH T 2 K
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YO RMEERERAEICRILTVWD @, TOR
oY AT A EKATRT,

O0H coon
H NH, CHT CH;
‘__A\"—’ ———A—n- |
|$H H- C NH: A il—(:—NH, + CO:
Loon : COOH
7-7-—;1’& T ANATH M . TF=w

.u:{l:ﬁﬂi ﬁﬁEﬂ.’.ﬂiﬂ‘
T RSN B — 'E AN TE JQT nE” F 7
49 BREECETLEMBICLZTIV-IEISTR

INSELBRET S DERE

T2 BEBRNORGILRE

71



72
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PR Z BT 5 F— 33 VR Eo—l o L&Y O
kDT I VBT, S—F vV UL L0 AR
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¥ F —¥ % Citrobacter intermediusX*Erwinia her-

bicolaZs E OMWHERET 5 2 L AR KOIHFEH S
o TR EN: @, ZORIRDBEIZ X - T,
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®9.1 HAOELTI/BRIBOSHE
SEMB. EERE

® % 4 (RA4H) tid i dh H R H (b6
Sl )
S| O] Sao Paule Glu w000
] various 2,000
Laranjal Glu 20,000
LI S e Paulista Lys 60,000
Valparaiso Thr 13,000
Pederneiras Lys 6000
P LA s 4 Glu 140,000
7wk R e A i " 120,000
SRR HLER AR " 50,000
LA AR M I " 40,000
RTEDER L v 40,000
GBT Lys 240,000
PN 2R Rl o 120,000
WE (1)
BT LA " 20,000
E e M " 20,000
HIIHEsE ) 114 A it L 30,000
Bl H L it various 200
s o 58 9 L " 800
75 @y Y | Amiens Lys 70.000
L Thr 35,000
I Trp 3.000
e #T-p" 3-a9n’ | Nales Glu 63,000
B Degussa Frankfurt Met 122000
i) — | iR Kaba Lys (M)
(w0 | WO HIIT | Bouorighe Lys o
A F4 7| Cheil Sugar Pasruan Glu 50,000
" Lys 104,000
" Thr 10.000
TF Slavaya Glu 50,000
SASA — Glu 05,000
Miwon Indnesia o Glu 30,000
H 4+ LR oo various
" # W Phe,Arg,Asp,Cys
i FnsEm i o various -
L Cheil Sugar Gln 60,000
Desan Phe 4.000
BASF — Lys 70,000
T =T | Te-YTROH#E Kuala Lumpur Glu 15,000
A& i Fu s - Lys (il
Thr "
AUy | Ro® Manila Glu 20,000
~— B # Lima Glu 10,000
AosA%T | Degussa Slovenska Lupea Lys 10,000
" Thr 3.000
[ Trp 400
- 1 & A B Bangkok Glu G0.000
Kamphaengphet Glu 40.000
Patontani Lys 50,000
i ] e Mt = Glu 100.000
* [ THAE O lowa Glu 40,000
North Calorina various -
e #r-bav b lowa Lys 50,000
] Thr 40,000
kil Missouri Lys [t 513
" Thr u
ADM linais Lys 160,000
u Thr 10,000
Lo i -3 A7 ko ¥ = Glu 60,000
Vedan - L] 200,000
Miwon e " 20,000

http://www.ajinomoto.co.jp/kyushu/info.html
http://www.ajinomoto.co.jp/kawasaki/profile.html
http://www.kyowa.co.jp/csr/sustain/report/houfu.html
http://www.ajinomoto.com/ar/i_r/pdf/fact/Feed-use AA-Oct2007.pdf#search="
Ol FTEFHERB H PSRN, LRI WA Lo IO vz,
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(1) H#E YA A 482005 © p. 538.
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