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Fig. 1. Overall view of metabolism leading to chemical synthesis of E. coli from glucose. Boxes are proportional to need in making E.
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Fig. 2. Futile cycling of K’ ions across the cel membrane, due
to energy-linked uptake via the high-affinity uptake system Kdp,
and leakage via the low-affinity uptake system Trk, or other sys-
tems.(8)
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Fig. 3. Futile cycling of NH,” and NH, across the cell mem-
brane, due to energy-linked uptake of the NH," ion via the high-
affinity K" uptake system Kdp and diffusion of NH; through the
cell membrane. Pumping of protons by the resporatory chain is
not shown.(8)
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Fig. 4. a and b. Puising of potential media components to a
chemistar culture during steady state is a most efficient method
for media design. a. Time course of biomass after pulse: 1)
“unspecific’ chances indicate that the substance on question
had no nutritional effect; 2), 3) true effects on growth exert ex-
ponential kinetics; 4) excessive dosage; b. Actual experiment
with Bacillus caldotemax. Response of optical density OD to a
pulse of methionin into an incomplete defined medium. Demon-
stration of an auxotrophy.(Kuhn et al. (44))(2)
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Table 1. Design of pulse-and-shift method for medium op-
timization

Table 2. Metabolic balance calculations for representative pro-
duct classes

step1: selection of essential components
step2: preparation of the medium
step3: preliminary x-D-Qp diagram
step4: assessment of limiting substrate
stepS: optimization

step6: fianl x-D-Qp diagram
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AEAAA 2t A Ak BEelx] Aabs e
carbon precursor®} cofactor flux7} product3Aleol] 83 &
2} 2kx] ¢t=t}(Table 2). Metabolic balancer} 2+=] ot+=c}
W AR AALEIXRE 2 gl EbE AJALEA] o Ao
‘:} ol -9l AL vhgA] ofch. FAgE HolA| gt 7]

22| AAAgte] AlBkA] AEF sto] v|AE 2 & diA}
94 W& & 9 e ARE AlFsledo} ghvtn A=)
744 Sk gl o] methioninegl ] Table 22 A4FA o}o]
A Z 1A 28 cofactor fluxE L3}, wbe olu| AL
wolFolal Aol AlztelgE el vl
methionine-2- Wo|F &2 byl Aol ¢l onm chrlzeA F5

F5o2% ovigle FE WAk Zeitt w o E de

deriiale] FA4keld] induction$-2f ABAbE ol A
o] 2417 o]™ Asle] AAE= ZoF Weol ofd dmAS
gt = ulAEY o)A building blockdl o}y :=Abe]  star-
vation (stringent response)t} A 4 Q] energy-starvation-g 7
3l e AL 2 ¥elrk(Hahm, 1995). 2 £&F28 9]
2 ka4l e kel slad el induction 8] AJALF) ko] AEA Q)
208 O WAEEE st W R ko] A Fr e
of ghol= L 2P EfRl o)
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CHARE M3} CHALS S

2 F7HA] el AE2] thAMEE -‘Jr‘ﬁ* o] H 2%} limiting-sub-
strate?} metabolic balance AAF & =2]algd X7 Y= A E

1 sleh. e HARAGEE e 8ol Rolelt
dhe Zeloh &, diAlR e S| B4 oAId s 2 orate-
"miting step-2 o9 A st sl Holr) odlek-ge] A
2 oAl AR AbaAlRE 2702 °’°ML1'1 energy-linked
productod A} U7} HE AREHEE 5 -3 P4
e tARE A B ol WAL AiRle] © A 2 wATA 3
i) o820 o] AEE HeEhA] fvh o HE AsiAe
] =} A 7} rate-limiting stepQl 7S 918 tAREERA o]
23} 1 79l oFE(stoichiometry) #-4j0] I 3}

Kinetics or stoichiometry?

AT tiabEde] FAdelm diabekEd diARE Y
Hajolr}. dAlRAEHEES B2 ol7|7E A 1973 F
8ol Aol s Tt Aok MCA(Metabolic Control
Analysis) o]-2o] thEAolth(Fell 1992). MCA¢l 2]3} Meta-
bolic flux 24 o] &8 oF zbdelr}. 7129 rate-limiting
stepe- Shtele @agt AZhRTlE A A metabolic fluxd B
L ofabebAl &40 472 flux control coefficientol] 2]s) W}
-i=o] 2% (distributive control)s}3z lth= 7]l Flux con-
trol coefficient= 2F2] sensitivity 7] 224 "ExJwiA 2]
F4dr S WAz gk A A hALe] HEE S Rt
se)a 7 2A|2] flux control coefficient2] 32 10]o]A] ek
o] ©}A]9] flux control coefficient?} 1o]e}wd 2 & 4 &x}4
oA fluxs 0ol] 7hzhchsd s F A4
AR Repe e audh A% $elrh wahr) g
sre AL S22 2 WEh 2% Qe BawA
- 2ol sl WS AU of b o

FAs T 9l 7ol

2]
ARk Z—‘.’S ﬂ* A5E A 2 2 in vivo modilla-
tonks whlo] 4% shola] AA] g 9loia] i Z odste

#2) B3 vk 34T LS MCAS] 78
of wlAge] wepzAol =7 &2 e
o]

stzp £4 = thAlEA
¢ o &3 gl §i5S 5A F— 2 Qqle] Qlrhs

|
% o]th(Table 3). A o]a]gl FA|5-& &gl ¥4 iz
v AE Aelalel g pEshe AEA “J‘ﬁ 2 RhEAel Ay
& %‘Bi 3} el
12 dle) SR MCAZH ol4¥ diabe) A3
7‘21 ) Alel stoichiometrye]t}. Metabolic stoichiometry2] -
{o] srxrlo]d op 2l Hug Apaba] WAl $2i7t A
Moz WY 4 Yt MRS QAR AT + ke
Hella Aol elch(Holms, 1986; Vallino, 1990). Metabolic

Table 3. thalgatoll &3t F=
2ahsh sl 89 E.

dAs BE AAs $ae

~ Metabolic steps are usually channelled

— Shift of flux control step to other steps by amplification of
one enzyme

— Calculation of major flux control coefficient; condition-spec-
ific

- Complex physiological response to genetic modification

Adrsted AA AT AR FEES
o] F&= 'metabolic flux map-2 oj2{7}x] A3 o] IR ut
PAlEAl ] 218 Ade] wbH o g F.o wlo|c). o] A4l

sle] dlue A Holx g3 HEY AYTiA o
tro2jzhs gellA A&l "ol ek &
) A JE ol 23] ot

stoichiometry &

A& 4
Ayl s B8 AYEd $Aubge] s}
3 124

g} 28 732 #1843t physiological state§ FE5}e] @
HWAEE A DA 2 e 4 9 meta-
bolic transition Z732 Ap_%u t& q5ee Zlolrk(lLee,
1995). A &gk Ae)slellr]e] 4 EH*H“?}"] 8%
HAE &k Wz ARl —fé}% gl ARE 2o
2 AR A2 of9j2 gola] 2 7|7k fAxkzAbe
A2 Qe e 2 DA AR F&e AosA] Gerke
gt 420 @ sigAe] gl w2 At o B 8
S dalaabd o2 zAsldo s s 1 Al A
o] AAAQ] tatFA M F23H
AL A Al E A Z3le] FA7L He AT Ak
Ol R E thAbe] 7H5 (acceleration)?t 24 Sk eyt EA7}
sheh. of7lele AAE Al wE Tol Basie o
o] Azbsl ® 72} glcbe  transport, carbon¥}d cofactor
flux, secretion YA &% 98918 HAEFlojof gty B}
& dazAsiel F5cizlele By og Azbae} s
27} = ¢lv}(Sahm, 1993; Pan, 1995).
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