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met hods for the cell-free production of glucosam ne

fromstarch, maltodextrin or glycogen; or from

fructose and a source of am no groups. Related Art
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G ucosam ne has found increasing use in the treatnent
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shel | fish exo%&é%pww&ww%lm conposed of

pol y(N-acetyl - D-gl ucosam ne). The availability of raw

mat eri al however, is becoming increasingly [imted.

I\/E’fe@?@%hl"le‘}tlor’t he production of gl ucosani ne by

m crobial fermentation has been discl osed U S. Patent
6, 372,457 discl oses fer ntatlon
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gh@ﬁasammnﬁogkﬂ@QS] There remains a need in the art
for a nethod of producing glucosam ne using abundant
and i nexpensive starting materials. BRI EF SUMVARY OF
THEIASVENTI ON [ 0004] The present invention relates to
a cell-free nmethod of producing

gl ucoasam ne- 6- phosphate from starch, maltodextrin or
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200dd PR LBOAE Pﬁﬂidﬁﬁﬁ@l%ﬁ&ﬁ‘%llﬁslﬁ exoskeleton (chitin), which is
composed of poly(N-acetyl-D-glucosamine). The availability of raw material,
however, is becoming increasingly limited. More recently, the production of
glucosamine by microbial fermentation has been disclosed. U.S. Patent No.
6,372,457 discloses fermentation of microorganisms that have been
genetically modified in a pathway related to glucosamine or glucosamine-6-
phosphate, in order to produce high levels of glucosamine.

[0003] There remains a need in the art for a method of producing glucosamine

using abundant and inexpensive starting materials.
BRIEF SUMMARY OF THE INVENTION

[0004] The present invention relates to a cell-free method of producing
glucoasamine-6-phosphate from starch, maltodextrin or glycogen comprising
incubating starch, maltodextrin or glycogen with glutamine in a reaction
mixture comprising a cellular extract comprising glucosamine-6-phosphate

synthase and/or glucosamine-6-phosphate deaminase activity.



[0005] In a further enbodi ment, the present invention
relates to a cell-free nethod of producing
wqhoegseys ne conpri si ng i ncubating fructose an#Ca&US2003/030495
source of am no groups in a reaction mXx conprising a
cellular extract conprising glucosani ne-6-phosphate
synt hase and/or gl ucosam ne- 6 phosphat e deam nase
activity. [0006] An additi %n enbodi ment of the
invention relates to a cell“Tree nethod of producing
gl ucosani ne- 6- phosphate from starch, glycogen or
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[0008] In another embodiment, the present 1nvent10n relates to a cell-free

method of producing glucosamine comprising incubating fructose and
glutamine in a reaction mix comprising a cellular extract comprising
glucosamine-6-phosphate synthase.

[0009] In a further embodiment, the present invention relates to a cell-free
method of producing glucosamine comprising incubating fructose and an
ammonium source in a reaction mix comprising a cellular extract comprising
glucosamine-6-phosphate deaminase.

[0010] An additional embodiment of the present invention relates to a cellular
extract comprising glucosamine-6-phosphate synthase and/or glucosamine-6-
phosphate deaminase activity, wherein said extract is prepared by collecting
precipitate produced by ammonium sulfate precipitation between 30% and

60% ammonium sulfate saturation.



preci pitate produced by ammoni um sul fate precipitation
bet ween 30% and 60% anmoni um sul fate saturation. WO
waQo/eBd96 PCT/ US2003/ 030495 -3 [0011] I n aRrOThse003/030495

enbodi nent, the present invention relates to a

cell-free method of producing glucosam ne conprising

i ncubating gl ucosam ne-6- phosphate with a phosphat ase

in a reaction m x. DETAILED DESCRI PTI ON OF THE

I NVENTI ON [ 0012] An enzymatic pathway for the

production of glucosamne fromstarch, maltodextrin

or glycogen has been identified. The termnal glucosyl
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can also form glucosamine by transferring an amino group to fructose-6-
phosphate. Finally, phosphatase catalyzes the removal of the phosphate group
from glucosamine-6-phosphate to produce glucosamine. The phosphate
released from glucosamine-6-phosphate can be used for further cleavage of
starch, maltodextrin or glycogen by phosphorylase.

[0013] Glucosamine-6-phosphate ~ synthase catalyzes the synthesis of
glucoasamine-6-phosphate from fructose-6-phosphate and the amino group of
glutamine. Since the phosphate group of fructose-6-phosphate remains intact
during the reaction and is not involved in the aminotransferase reaction, the
enzyme is capable of functioning with the closely related compound fructose
as a substrate.

[0014] Glucosamine-6-phosphate deaminase can also catalyze the synthesis of

glucosamine-6-phosphate from fructose-6-phosphate and ammonium. As



enzynme i s capable of functioning with the closely

rel ated conpound fructose as a substrate. [0014]
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the synthesis of gl ucosam ne-6-phosphate from

fruct ose- 6- phosphate and amoni um As WO 2004/ 031396

PCT/ US2003/ 030495 -4 stated above, the phosphate

group of fructose-6-phosphate remains intact during

the reaction and is not involved in the

am notransferase reaction, and the enzyne is capable

of functioning with the closely rel ated conpound
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[0016] The cellular extract can be prepared by any method for making extracts
which is known to preserve enzymatic activity. Preferably, the extract is
prepared by disrupting the cells, for example by sonication, removing cellular
debris and fractionating the resultant extract by ammonium sulfate
precipitation to at least partially pﬁrify the glucosamine-6-phosphate synthase
and/or glucosamine-6-phosphate deaminase activity. In a preferred

~ embodiment, the fraction found in the precipitate formed between 30 % and
60% ammonium sulfate saturation is used. More preferably, either the
fraction found in the precipitate formed between 30% and 50% or the fraction
found in the precipitate formed between 40% and 60% ammonium sulfate
saturation can be used. Although the fractions overlap to a great degree, the

fraction found in the precipitate formed between 30% and 50% ammonium



precipitation to at |least partially purify the
gl ucosam ne- 6- phosphat e synt hase and/ or

wqahoees|ys ne- 6- phosphat e deam nase activity. | RC&US2003/030495
preferred enbodinment, the fraction found in the
precipitate fornmed between 30 % and 60% anmoni um
sul fate saturation is used. Mdre preferably, either
the fraction found in the precipitate fornmed between
30% and 50% or the fractiom found in the precipitate
formed between 40% and 60% amoni um sul fate
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wavelength of 340 nm. In this embodiment, a typical reaction mix for
measuring synthase activity comprises:
100 mM potassium phosphate, pH 7.5;
50 mM KCI;
5 mM fructose-6-phosphate;
5 mM glutamine;
2mM EDTA;
0.5 mM NADP"
30 U glutamate dehydrogenase; and
10% E. coli extract (1 mg/ml total protein).
[0018] In another embodiment, glucosamine-6-phosphate deaminase can be

measured using glucosamine-6-phosphate as a substrate and measuring

fructose-6-phosphate.



measuri ng synthase activity conprises: 100 mM
pot assi um phosphate, pH 7.5; 50mM KO ; 5 nM
wonmaasme 6- phosphate; 5 mM gl utam ne; 2 mM EBTAUS2@3/H630495

nv NADP+ 30 U gl ut amat e dehydrogenase; and 10% E. coli

extract (1 ng/nl total protein). [00181 In another

enbodi nent, gl ucosam ne- 6-phosphate deam nase can be

measur ed usi ng gl ucosani ne- 6- phosphate as a substrate

and nmeasuring fructose- 6-'|c§n"osphate. WO 2004/ 031396

PCT/ US2003/ 030495 -6 [0019] In another enbodi nent

gl ucosam ne- 6- phosphate activity can be coupled to
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10 mM MgCl, ~
5mM glucosamine-6-phosphate
5 U phosphoglucose isomerase
0.4 U glucose-6-phosphate dehydrogenase
enzyme extract
[0020] In a preferred embodiment, the cellular extract that is prepared will
have a glucosamine-6-phosphate synthase and/or glucosamine-6-phosphate
deaminase specific activity of at least about 0.01 U/mg protein, more
preferably about 0.1 U/mg protein to about 1.0 U/mg protein, most preferably
about 0.2 U/mg protein.
[0021] In a further embodiment of the present invention, a cell-free method is
used to produce glucosamine-6-phosphate from starch, maltodextrin or
~ glycogen using cellular extract comprising glucosamine-6-phosphate synthase
and/or glucosamine-6-phosphate deaminase activity. In this embodiment, the
starch, maltodextrin or giycogen is incubated with glutamine or an ammonium
source in a reaction mixture comprising the cellular extract. The starch can be
any starch, including, but not limited to, soluble starch, corn starch, potato
starch, rice starch, tapioca starch or wheat starch. Maltodextrins are non-
sweet, nutrative polysaccharide polymers that consist of D-glucose units
linked primarily by (alpha)-1,4 bonds. Maltodextrins are formed from the
partial hydrolysis of starch. The starch can be any starch, including, but not



[00201 In a preferred enbodi nent, the cellular extract

that is prepared will have a gl ucosam ne-6-phosphate
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specific activity of at |east about 0.01 U ng protein,

nore preferably about 0.1 Ung protein to about 1.0

UWng protein, nost preferably about 0.2 U ng protein.

[00211 In a further enbodi nent of the present

i nvention, a cell-free method is used to produce
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gl ycogen using cellular extract conprising
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reaction mix contains a phosphate source; starch, maltodextrin or glycogen,

KCl, glutamine, a magnesium source; glucose-1,6-bisphosphate; a
phosphorylase; phosphoglucomutase; phosphoglucose isomerase and the
cellular extract. The phosphate source may include, but is not limited to,
potassium phosphate, sodium phosphate, magnesium phosphate, calcium
phosphate, phosphoric acid or ammonium phosphate. The magnesium source
may include, but is not limited to magnesium chloride, magnesium sulfate and
magnesium citrate. In one preferred embodiment, the reaction mix comprises:

100 mM potassium phosphate, pH 7.0;

0.2% soluble starch;

50 mM KCI;

5 mM glutamine;



30C. The reaction preferably proceeds for a tine
period of about 10 m nutes to about 2 hours, nore
wonrefi@msetoby for about 30 minutes to about 1.5 ROWAUS2003/030495
nost preferably about 1 hour. [0022] In a preferred
enbodi nent, gl ucosam ne-6-phosphate synthase and
accessory factors needed to produce
gl ucosan ne- 6- phosphate from starch, maltodextrin or
gl ycogen are added to the-Beaction mix. This includes
one or nore of the enzymes phosphoryl ase,
phosphogl uconut ase and phosphogl ucose i sornerase and
the addm¥apMpClgl ucose- 1, 6-bi sphosphate. The reaction
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glK%ﬁ Oasnaaan?lgm?lmpsho%?cpeh gtrr?agggs?ur?n gggr%e glucose-1,6-bisphosphate; a
phosphorylase; phosphoglucomutase; phosphoglucose isomerase and the
cellular extract. The phosphate source may include, but is not limited to,
potassium phosphate, sodium phosphate, magnesium phosphate, calcium
phosphate, phosphoric acid or ammonium phosphate. The magnesium source
may include, but is not limited to magnesium chloride, magnesium sulfate and
magnesium citrate. The ammonium source may include, but is not limited to,
ammonium sulfate, ammonium phosphate, ammonium chloride or ammonium
hydroxide. In one preferred embodiment, the reaction mix comprises:

100 mM potassium phosphate, pH 7.5;
0.2% maltodextrin 10;

50 mM KCl;

50 mM ammonium sulfate;

10 mM MgCly;

1 mM glucose-1,6-bisphosphate;

10 U/ml phosphorylase a;

16U/ml phosphoglucomutase;

25 U/ml phosphoglucose isomerase; and



and accessory factors needed to produce
gl ucosam ne- 6- phosphate from starch, maltodextrin or
wqahkyemges are added to the reaction m X.
one or nore of the enzynes phosphoryl ase,
phosphogl uconut ase and phosphogl ucose i sonerase and
the activator glucose- 1, 6-bisphosphate. The reaction
m X contains a phosphate soyr ce; starch, maltodextrin
or glycogen, KC, an anmoni"um source, a magnesi um
source; glucose-I, 6-bi sphosphate; a phosphoryl ase;
phospho Iuconutase phosphogl ucose i sonerase and the
cel | ul a4% 6006 zmmoniThe syifate shiacenteining: glucesaniing bpliesphate

% IS not limted to, potassium phosphate, sodium

&, magnesi um phosphate, cal cium phosphate,

[0024]h 0s phqrdlmaﬁg dh predilohet Wi dhis e S-pHdighdT8 Gk efosétiBed

source may include, but is not limted to nagnesi um
chabeve.dbls destelde taramayefiag hosabate geaymeeinedusk whepsamine.

;rgi’%e?ém RN 'a WD %@%Qﬂ?@ﬁt bf‘t%% ge%eniﬁﬂlfenl‘%l%{l RY 5 cél @eé %1 thod

moni um su ammn anmonl

c hdfopiodecing glueoamning cdhyising d&ubdtfhgo gﬁlc@%agﬁﬁé 6-@ﬂosphate
enbodi nent, the reaction m x conprlses 1 mv
pOVAR st (RO alle 2 pRACtOTS miXg 2)@%411988@%@? iGm1be By

gl ucgéhata%g %Mbl spEogﬁj‘{?at%ij ﬁ@ﬁf%s@o}rgl Hﬁ% ory P%osséﬂﬂ%e 6
1 Giliosphaho Ephmg]es: mhdemamp%ka]ind p}mspiﬁuﬁsegbmnfsmtestmal

S?%{ﬂ?iﬁ%ﬁﬁ%ﬁ es ap 4%%%1%f9 #}Scﬁg}?a e/ls(c)as %51ncubat10n
gl prere RRcfs PROS Plaherande T alﬂﬁ@ 2d°60#4Lvb@! 5o, rlﬁore
the production of gl ucosani ne-6-phosphate as descri bed

abmgisrably apeutdd&iCr &blaboutodd” @mﬁl@ttmé epabdys phaute3¢Couphe
t OreQth?)qlﬁgfe%lbW&%@ggdg For a time period of about 10 minutes to about 2

hours, more preferably for about 10 minutes to about 1 hour, most preferably

about 10 minutes. The reaction mix comprises a buffer suitable for the
dephosphorylation step to occur, preferably an alkaline buffer, for example
Tris, pH 8.5. In a particular embodiment, the reaction mix comprises:

.20 mM glucosamine-6-phosphate;

5 U/ml shrimp alkaline phosphatase;

50 mM Tris, pH 8.5; and

5 mM MgCl,.

[0026] In yet another preferred embodiment, glucosamine-6-phosphate

synthase is used to produce glucosamine directly from fructose. The reaction
mix contains a fructose, glutamine, KCl and the cellular exiract. In one
preferred embodiment, the reaction mix comprises:

20mM fructose;

50 mM KCl;

5 mM glutamine; and

10% E. coli extract (1 mg/ml total protein).

[0027] In a further preferred embodiment, glucosamine-6-phosphate

deaminase is used to produce glucosamine directly from fructose. The

Thi s PaTiUSe®S$/030495



Therefore, a further enbodi nent of the present
invention is a cell-free nethod of producing
wqghoegsays ne conpri si ng i ncubati ng PCT/US2003/030495
gl ucosam ne- 6- phosphate wth a phosphatase in a
reaction m x. The phosphatase can be any phosphatase
that is effective for dephosphorylating from
gl ucosam ne- 6- phosphat e. npl es i nclude shrinp
al kal i ne phosphat ase, bovine intestinal alkaline
phosphat ase and bacterial al kaline phosphatase. The
i ncubation preferably occurs - at a tenperature of
alyeagtion O@x contains it OB, srpmeniupy, &(draad|the egdlar exatt dn
about 40C t.preferably a 0C. The reaction
oBr erdar SPRuBal Fecol B kPl apout 10
m nut exotmveleitésez hours, nore preferably for about
10 m nutes to about 1 hour, nost preferably about 10
m nut esO MMEKEEacti on mi x conmprises a buffer suitable
for th | Al tep to occur, preferably
an al k?lsione u 'agrgﬁ%fsg%ﬁtg{(%lﬁpl e Tris, pH8.5 1In a
parti culogs Eesdibskitiaet(l mg/inbtata pedteian m x conpri ses: .20
nmM gl ucosani_ne- 6- phosphate; .5 U m shrinp al kaline
10028} h o5 phftta g ditiony RRpediment B the spresgRly imventign Ngy@ sell-free
[ I t e : ' 3
ortinad o e IRopBRL LRI 28R, frctose and o
glsous axfiangnal igraups lity a freastioh mis tcoswprisifigecetlelac extoact having

cont ai ns. a fructose, ut ami.n K and the.cellul a

C ey Dt o-uEbRRS sy bk S e SR phosRhate
M deameiné ho@sty. ARBVWellilke batRt pret&tablly iK@réseht MMhe reaction
glutam ne; and 10% E. coli extract (1 ng/m total

prBigirg pt a poweriration of abeiittlfefo ghost 2P Yeetrosbistirady around

gl ] - P 1.n i

R e R S R O A BT G

P@Tésef? B0 He030:4n mix14l a concentration of about 1 mM to about 100
mM, more preferably about 10 mM to about 50 mM, most preferably about 20

mM. The source of amino groups can be any compound capable of donating
amino groups to the enzymatic reaction. Examples include glutamine and
ammonium salts. When glutamine is used, it preferably is present in the
reaction mix at a concentration of about 1 mM to about 100 mM, more
preferably about 2 mM to about 50 mM, most preferably about 5 mM. In a
preferred embodiment, the reaction mix comprises:

100 mM Tris, pH 7.5;

50 mM KCl;

20 mM fructose;

5 mM glutamine; and

10% E. coli extract (1 mg/ml total protein).

[0029] The incubation preferably occurs at a temperature of about 20°C to
about 50°C, more preferably about 25°C to about 40°C, most preferably about
30°C. The reaction preferably proceeds for a time period of about 10 minutes
to about 2 hours, more preferably for about 15 minutes to about 1 hour, most

preferably about 20 minutes. When an ammonium salt is used as the source of



reaction mx contains a fructose, anmmoni um KCl1 and

the cellular extract. In one preferred enbodi nent,
woOheo4reeed6i on m x conprises: 20 nmM fructose; BOTMISR003/030495

KCl; 250 mM ammoni um sul fate; and 10% E. coli extract

(1 mg/mM total protein). [00281 An additiona

enbodi nent of the present invention is a cell-free

nmet hod of producing glucosgﬁ:ne conpri sing incubating

fructose and a source of ‘amno groups in a reaction

m x conprising cellular extract having

gl ucosam ne- 6- phosphate synt hase activity and/or

ghmines grouns, Gpphpsipicasats dwdidenagdheidt livitafion, Thmmonium

cel l.ul ar _extr.act preferabl .nresent .in the reaction
nF e gy, cRhAEPIAE or RO HoES awh, Bt
Mpt@roRidef ertaddnymaniamnstefcbMiy & presut afl &%pndBAthtion of about
preferably about 10% The fructose gr ef erab

B

pr 8 et toj apouh E0G0aaM; imeie ayoterablyzbe %%mM éT !ﬁ%cnllt%po mM,
rber AT ApBRCb 10 FBHES RIhaD e FABHG A

seompdsesf am no groups can be any conpound capabl e of
donating am no rogfs to the enzymatic reaction.
Exanpl &80 1M TP /% ani ne and ammoni um salts. \Wen
gl ut amspeisgeped, it preferably is present in the
reacti gn m x gt’ a concentration of about 1 nmMto about
100 mvV20mo¥idftucpasef er abl y about 2 nmMto about 50 mV

nmost prefergbly about mM _.In a preferred

enbodi ﬁgﬁﬂﬁ@ﬂén%%ﬁ?lgﬂe’rﬁnfz conprises: 100 nM Tris,

PH 7. 510908, oM dsfehot (?ngyf%dltfoidl%ﬁéiﬁ). 5 mM gl ut ani ne;
ngy

and 10% E. coli extract (1 1 total protein).
[0030] 00291 Thedollawing sxdneesare ildusaplive, butuatdimting of the method

te [ . f . . ab - . .
B Sh A Boflo S B ol o, St O g and
abautaticsQ Gf tHdearfetyact ¢onditione fagd dhiaynepsro aedatlyf eacowntered

ti.me period of about 10 m nutes : .
n enz%rmatic production of chemicals and which are obvious to those skilled

in the art are within the spirit and scope of the invention.

EXAMPLE 1

Isolation and assay of glucosamine-6-phosphate synthase from E. coli cells

[0031] E. coli cells from frozen vials were inoculated into a flask culture
containing 12 L fermentation seed medium. The medium contained the
following chemicals (g/L): cormn steep liquor, 10; KH,PO4, 2.5; MgSO,7H,0,
2.0; (NHy),SO4, 0.5; citric acid, 0.192; FeSO4;7H;0O, 0.03; MnSO,;H,O,
0.021; antifoam 6000K, 0.5; dextrose, 84. The seed fermentor was operated at
39°C at an agitation speed of 700 rpm and an airflow of 3.5 LPM. The pH of
the fermentation was maintained at 6.9 with 21% NH4OH. After 24 hours of
growth, the broth was centrifuged and the pellets were resuspended in extract
buffer (100 mM Tris, pH 7.5; 100 mM NaCl). The cells were centrifuged and

the pellets were resuspended in the extract buffer at a concentration of OD660



to about 2 hours, nore preferably for about 15 m nutes

to about 1 hour, nost preferably about 20 m nutes.
wolen/amoanmoni um salt is used as the source oPCWWDS2003/030495

2004/ 031396 PCT/ US2003/ 030495 -11 ami no groups,

appropriate salts include, without Iimtation,

ammoni um sul fate, amoni um phosphate, anmoni um

chl ori de and anmoni um hydr Qxi de. The ammoni um

preferably is present at aléoncentration of about 10
nmv to about 1000 mM nore preferably about 50 nMto
about 500 MM nost preferably about 250 MM In a
patefue 206 d S emitaidinverstapplidietortba celisofourimes &wBrseswsls Witho
nM Tri.s, pH.7.5;, . 5 Cl; 20 mMfructose; . 250 .
aPbaPLEsAnS Of é?@?tea%&%%@nc‘%?si “38‘5< {9 Srper afélthﬁﬁ%%m
t @{hepsfu?mamm whO ARk e af ChdyoNd BerRX aMRh@Snifesulfate

i Tustrative, but not limting, of the nethod and
compadied tnsheodxitabietopR2e et (#0Ppesaturatinn) GnHcthe giragbyas

nodi f.Lcati d adaptatjons.Qf the vakiety of

o RS 12 & apatenap SuBRIEP BRut R ofilateq fo the
eQFLARArE. PIRE WeithifRatdn, che piltdd wernebldbted And@E&uspended
obvious to those skilled in the art are within the_.

spi the extasnd buferp Mest of the slupeasaing:§-Phosplte Fetivity s 47 iy,

agd @ssay of gl ucosam ne- 6- phosphate synthase from E.

cOPf el s [0031] E. coli cells fromfrozen vials
[0032)er e | gdsk@hi@e-6-ptosplatd sashase abtivityewacanayidrin riige &@ract

fernmentati on seed nedium The nedi um contajned th
f B IcovRlig the ashvaty et glufamate gelyydigasapse; Wh%fb@%a%}a%s the

R e Ry oA 0 sppmt 1

anmiofnta wf GNADRH (EeBeragdx i dbe, re@ationT weas smeditdred nwith opn
R BREEE e el P 200 ! AL,
V@Sediid AtHithQfhs dhlcBlaRdvhabét ad teNhitiatrat#\bf SsoAndothadige
Ofafter addition of E. coli extract. The assay contained the following:
100 mM potassium phosphate, pH 7.5;
50 mM KCl;
5 mM fructose-6-phosphate;
5 mM glutamine;
2 mM EDTA;
0.5 mM NADP;
30 U glutamate dehydrogenase; and
10% E. coli extract (1 mg/ml total extract).
There was about 0.02 U/mg protein of glucosamine-6-phosphate synthase
activity in the crude extract and 0.2 U/mg protein of the activity after the
ammonium sulfate precipitation. The production of glucosamine-6-phosphate

was also confirmed by liquid chromatography analysis. -



growt h, the broth was centrifuged and the pellets were
resuspended in extract buffer (100 nM Tris, pH 7.5;

waQ4mMIaCl ). The cells were centrifuged and PCIAIS2003/030495

pell ets were resuspended in the extract buffer at a
concentration of OD660 WO 2004/ 031396

PCT/ US2003/ 030495 -12 about 200. Sonication was
applied to the cells four tines for 30 seconds with
interm ssions of 1 mnute. %%ntrlfugatlon was used to
separate the cell debris and the supernatant was
mai nt ai ned as enzyne extract. Ammonium sul fate was
added to the extract to 226 g/L (40% saturation) and
the extract was centrifuged. 120 g/L anmonium sul fate
(60% saturation) was added to the supernatant. After
centrifugation, the pellets were col |l ected and

resuspended in the extg Most of the
gl ucosam ne- 6-phosphate ac T gy}t%y vvas inthis
fraction. [00321 A ucosan ne- 6- phosphat e synt hase

act IP%‘I) (i%;ﬁ:/é\/lg F} ?oasgu%%lel—@ pfaggih%étﬁo?ﬁ: gtarcﬁ%e(ﬁﬂ@;ﬁ ﬂgqﬁ%z;’lﬁg

act i amat e
deani nat es the synt hase ﬁ?%’&ﬂ%t gl utamate and reduces
coenzynme NADP+ to NADPH. The anmount of NADPH
[0033gener atigdhis rexhhplel &ﬂOdeilloifﬁeedeMt @l gldcostutnimeatphosphate
absor bance spectropho %rreter at a wavel ength of 340
pler

oY RBI A Fesiscon o cqupling seyetph enzygics gy Tractian
oggl&h Gl“he'i.‘é h%{ nﬁy@&&té&ﬁe@bs or bance change after
addi t

ion o extract. The assay contai ned the

foI | owh@@mmqmtaxmqﬂlasﬁlammpﬁh’b&phate pH 7.5; 50 nmM

5 fr phosphate; 5 mM glutam ne; 2 mM
EDTA (g%\% H’i%ﬁ%&%ﬁﬁh’so U gl utamat e dehydr ogenase; and
10% E. spahMm egiract (1 ng/m total extract). There was

about 0. 02 U/rrg protei n of glucosani ne-6-phosphate
synt hasemM glutamine;

5 mM MgCly;

1 mM glucose-1,6-bisphosphate;

10 U phosphorylase a (Sigma);

5 U phosphoglucomutase (Sigma);

25 U phosphoglucose isomerase (Sigma); and
10% E. coli extract (1 mg/ml total protein).

The starch was dissolved in water by heating to boiling. The reaction mix was

incubated in a water bath at 30°C for 1 hour and analyzed for glucosamine-6-
phosphate. Controls consisted of reaction mixes containing heat inactivated E.
coli extract or without the starch solution.

[0034] HPLC data showed that glucosamine-6-phosphate (175 pg/ml) was
produced in the reaction. Glucose-6-phosphate and fructose-6-phosphate were'
also detected in the reaction mix. In the control reactions containing the heat
inactivated E. coli extract or without starch, glucosamine-6-phosphate was not

detected.



activity in the crude extract and 0.2 U ng protein of
the activity after the amoniumsulfate

wonreiopivat i on. The producti on of PCT/US2003/030495
gl ucosam ne- 6- phosphate was al so confirmed by |iquid
chr omat ogr aphy anal ysis. WO 2004/ 031396
PCT/ US2003/ 030495  -13 EXAMPLE 2 Production of
gl ucosam ne- 6- phosphate from starch by coupling enzyne
reactions [0033] In this Bkanple, the cell-free
production of glucosan ne-6-phosphate from starch was
acconpl i shed by coupling several enzynes into one
reaction mx. The reaction mx contained: 100 nV
pot assi um phosphate, pH 7.0; 0.2% sol uble starch; 50
mM KC1; 5 nMglutamine; 5 mM MyCl2; 1 nM
gl ucose-1, 6- bi sphosphate; 10 U phosphoryl ase a
(Sigma); 5 U phosphogl ucomutase (Sigm); 25 U
phosphogl ucose i sormer a8 AMPHRED) ; and 10% E. col
extract (1 ng/m total protein). The starch was
di ssolved in water by heating to boiling. The reaction

NMpPtodRSion bNElubRbBthe-G:pRospRite frobainhliadex BR0MS ghntathirecyr

and anal yzed for gtdipasgehRendreagitasphate. Controls
consi sted of reacti on m xes cont ai ni ng heat

i nactivated E. CO|I ract or wt the s
[0035]s 0| ut | nihis| remaie, g % PERHGELP 9Egﬁlcosamme %" E“’Sphate

g%b'rﬁ%@i'fﬂd@%rﬁ %&8§&Bﬁﬁoﬁsl§eﬁ7@ géﬁﬂh}lgvﬁ%rapé&@%@ dntoNone

e reaction cose- 6- phosphat'e and
ffeﬂﬂtomsan’Iﬂnhm&phamwmmamal so detected in the

o bGP G ST L com 119 e
gl ucosgnyngalfsdekgimaloat e was not
50 mM KC1
5 mM glutamine
10 mM MgCl,
1 mM glucose-1,6-bisphosphate
10 U phosphorylase a (Sigma);
16 U phosphoglucomutase (Sigma);
25 U phosphoglucose isomerase (Sigmay);
100 uL 40-60% (NH4)2SO4 cut
[0036] The reaction was incubated at 30°C for 1 hour and analyzed for
glucosamine-6-phosphate. Control reactions were included. These consisted
of reactions without E. coli extract and wifhout maltodextrin. HPLC data
showed that 130 pg/ml glucosamine-6-phosphate was produced by this
reaction. The control reactions did not produce any glucosamine-6-phosphate.
When 100 pl of crude E. coli extract was substituted, for the 40-60%

ammonium sulfate cut 48 pg/ml glucosamine-6-phosphate was produced.



detected. WD 2004/031396 PCT/US2003/030495 -14

EXAMPLE 3 Production of glucosam ne-6-phosphate from
woabwgdesesri n and gl ut ami ne by coupling enzynBCT/US2003/030495

reactions [0035] In this exanple, the cell free

production of glucosani ne-6-phosphate from

mal t odextrin was acconplished by coupling several

enzymes into one reaction pix. The reaction mx

contai ned: 100 mM pot assi untphosphate, pH 7.5 0.2%

mal t odextrin 10 50mMwWCl 5 mM glutam ne 10 mM MgCl2 1

nmM gl ucose- 1, 6-bi sphosphate 10 U phosphoryl ase a

(Sigma); 16 U phosphogl uconmutase (Sigma); 25 U

phosphogl ucose i sonerase (Sigma); 100 L 40-60%

(NH4) 2SO4 cut [0036] The reaction was incubated at 30C

for 1 hour and anal yzed for glucosam ne-6-phosphate.

Control reactions were included. These consisted of

reactions without E. coli extract and w thout

mal t odextrin. HPLC dat a pyshiowes 4 hat 130 g/ m

gl ucosam ne- 6- phosphat e was produced by this

reaction. The control reactions did not produce any

gl upRIAEHMSTEIRBOFRIABIE hosme@ﬁa&%dnoa&xtﬁwﬁ@ afrmdnflln
extract was sub%ﬁﬂé%?cf 918@ amoni um

sul fate cut 48 g/nl ucosa pehosp ate was

roduced. WD 2004/ 031396 PCT/ USZOOS/ 030495 -15
[003" VPLE s example illustrates the cell free production of glucosamine-6-

phosphate from maltodextrin. The reaction was accomplished by the coupling
of several enzymes into one reaction mix. The reaction contained:

100 mM potassium phosphate, pH 7.5

0.2% maltodextrin 10

50 mM KCl

50 mM (NHy)2SO4

10 mM MgCl,

1 mM glucose-1,6-bisphosphate

10 U phosphorylase a (Sigma);

16 U phosphoglucomutase (Sigma);

25 U phosphoglucose isomerase (Sigma);

100 pl 40-60% (NH4)2SO4 cut

H20 to bring to 1 ml total volume

[0038] The reaction was incubated for 1 hour and analyzed for glucosamine-6-

phosphate. The controls consisted of reactions without E. coli extract and
without maltodextrin. HPLC data showed that glucosamine-6-phosphate
(111pg/ml) was produced in this reaction. In the control reactions, ﬁo

glucosamine-6-phosphate was produced.
EXAMPLE 5

Production of glucosamine from glucosamine-6-phosphate by phosphatases



Producti on of gl ucosam ne-6-phosphate from
mal t odextrin and ammoni um sul fate by coupling enzyne
woeems [ 0037] This exanple illustrates thePCeUS2003/030495

free production of glucosam ne-6- phosphate from
mal t odextrin. The reaction was acconplished by the
coupling of several enzynes into one reaction m x.
The reaction contai ned: 100 nmM pot assi um phosphate, pH
7.5 0.2%naltodextrin 10 5OmWKCl 50 mM ( NH4) 2S04
10mvwgd 2 1 nM gl ucose- 1, 6- bi sphosphate 10 U
phosphoryl ase a (Sigm); 16 U phosphogl uconutase

[0039]( Si gmah; (136 Ekdphsls pheglceitfise podneroms of ( Slugnenine 150m

| 40- 60% (NH4) 2S04 Cut H20 tl,o br.i 1.n tqt al .
BheaseminogEBRosT Rt m8s eeioB ke A 18 0P BiE P e
and a%mgﬁﬁﬁﬁ&?%ﬁ gtg-(ggnﬁy’osphate. The

ol's ¢co ed of 'r

contr S| st eactions wit hout E. coli
ext r ac§ Uasheimpvdlkdimetphogihttaske®igma); HPLC dat a showed

that gl ucosam ne-6-phosphate (111g/m ) was produced
in thi%oi"é/g%flﬁ’dﬁi[ gﬁn”f‘ﬁe control reactions, no

gl ucosgml\@g;[é’(;lg_hosphate was produced. EXAMPLE 5
Production of glucosam ne from gl ucosam ne- 6- phosphat e

[0040{3.\/ phosRhat A$ @6ac¥ih 2RRAHES 1RABatBCEL BB200Rt AB0EEites- 46l

0039] In this exanple the cell-free gg&}g@l&nmﬁ

ginpdyred Fnelueeseming by 8 &mi ﬁlél%&aﬁ%%éﬁ S ) was
a " LBidd Gt Ol s A ' Lted 20tHEMontrol
R R R A R i S AN
phastdiatiastecopBigpda)g substrate glucosamine-6-phosphate or no enzyme

* phosphatase.

EXAMPLE 6
Production of glucosamine from fructose and glutamine

[0041] Enzyme reactions were set up to produce glucosamine from fructose
and glutamine. One ml reactions containing 100 mM Tris pH 7.5; 50 mM
KCI; 20 mM fructose; 5 mM glutamine; and 0.1 ml E. coli extract (1 mg/ml

total protein) were incubated at 300C for 20 minutes, and the samples were
analyzed for glucosamine. Reactions with heat inactivated £. coli extract were
included as controls.

[0042] The analytical results showed that 92.5 pg glucosamine was made from
fructose and glutamine in 20 min. The specific activity for this reaction was 23
mmol/min/mg protein, which was 10 times less than the activity with the
natural substrates fructosé-6—phosphate and glutamine. Glucosamine was not

detectable in the controls containing heat inactivated extract.



50 MM Tris, pH 8.5; and 5 mM MgC12. [0040] The 1 ni
reaction mx was incubated at 30C for 10 m nutes and
waned4aexde f or gl ucosam ne by HPLC. d ucosam nePCRU82003/030495
ng/mM, 13 M) was detected in the reaction m Xx.
G ucosam ne was not detected in the control reactions
that contai ned no substrate gl ucosam ne-6-phosphate or
no enzyne phosphat ase. LE 6 Production of
gl ucosam ne fromfructose and gl utam ne [0041] Enzyne
reactions were set up to produce glucosam ne from
fructose and glutamne. One nl reactions containing
100 mM Tris pH 7.5; 50 BMAMBLE 720 mM fructose; 5 nmM
glutamne; and 0.1 m E. coli extract (1 ng/m total
protein) were incubated at 30C for 20 m nutes, and the
sanpl es waoductmmalf\ghedsadmne fbmdosdrsenad aRazxniinons Wit h
heat inactivated E. coli extract were included as
controls. [0042] The analytical results showed that
[00432. 5 g Kjlzymesaadtives wese sadp tbrpmiuder glotasmireniom fructose

7 S CPBROYEE- J8ne HlsreoR SRRFBE JOL i PR S8

t i@s 208881 frﬁ@@set heo ﬁﬂ\ﬁ'aﬁﬂrﬂo\ﬁu‘ﬁ‘htsﬁlfitgeandr@‘i WA, coli extract
substrates fructose-6-phosphate and gl utam ne.

G (vengailithg]l preifoweredadubeicd bt 80°0 fHh20 el The samples
cont ai ni ng heat jnactivated extract. W) 2004/031396

Pawvrﬁmeb@wbimgkwosa@m%m@pﬁem bRkt Repctiops with heat
9l iHERR BT BE b Qmefc[%fe%au %s%GHEP tum [0043] Enzyne

reactions were set to produce g ucosani ne from
[0044]r uct oResubin shosmaddhatumzommum reac&m)m; i@ pg/nﬂ @hcakaming was

100 Tris H7 50 MM _KC1; 2 ctose; 250 mv
rH“r%ff‘ij\{lEHﬂ‘ é?én %\"H’aloémﬁl e ppec ‘f?"“é&té’ & 18 rfﬁ?tlﬁﬁ}"‘f?ﬁ
tof, ?kmﬁélﬁhﬁnhﬂk pISER, WhAcHhat e tates38G th@ﬁ t}?eoadf'i‘vﬂyI 588 the
The sanples were anal yzed for gl ucosam ne production

bwaﬂp@l@ubﬂ@@tg& froetesanp-phodpbate and glutamine. Glucosamine was not

detected in the control reactions containing heat inactivated extract.
EXAMPLE 8
Cloning of nagB gene into pKK223-3

[0045] For the construction of the nagB expression plasmid, EcoRI and
HindIII restriction sites were introduced at the front of the translation start
codon of nagB and downstream of the translation stop codon of nagB,
respectively. The primers used for polymerase chain reaction (PCR) were 5°-
CATCTAGAATTCATGAGACTGATCCCCCTGACTACC-3’ (SEQ ID NO:
1) and 5’-CATCTAAAGCTTCAAGGAGCCAGGGCAGGG-3’ (SEQ ID
NO: 2). PCR reactions were carried out based on a protocol from a PCR
reaction kit from Invitrogen. The reaction consisted of 1 ng E.coli genomic
DNA, 0.3 um of each primer, dNTP mix (0.3 um of each dNTP), 1 mM
MgSO4, and 1 U of platinum Pfx DNA polymerase in 1X Pfx ampliﬁc\ation
buffer. The 800-bp PCR product was recovered by 0.8% agarose gel



inactivated E. coli extract were included as controls.
[ 0044] Results showed that in 20 m nute reactions, 6
waqahinmd4/0gi96osam ne was nade from fructose and ROMWIS2A9BM030495
The specific activity for this reaction was 1.5
mol /m n/ng protein, which is 130 tinmes less than the
activity wwth the natural substrates
fruct ose- 6- phosphate and gl ut am ne. d ucosani ne was
not detected in the control®feacti ons containing heat
i nacti vated extract. EXAMPLE 8 C oni ng of nagB gene
into pKK223-3 [0045] For the construction of the nagB
exghrcsrophersipl (hgwfqd witle Beg Rhaed HindiH] and liaatadriniet the EcoRI-
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eRNAAERORIABCCCCTGACTACS- 3' (SEQ |1 D NO
¥
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tlon sted .of 1 ng E, coli i.c. DNA 3.um
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r dother elthngy of. Ssorheaneosie34e hnN\l)Tileoatﬁlmﬁglucosamme 6-

PCT/ US2003{ 030495 . -18 el ec hor e este Wit h

RS, AP ot PHORE cof 1 5 e cERERME hhaieR
Si dx@fessibn PlaGHL &ap m&%?tim&fﬁgﬁéﬂﬁﬂﬁ the/\@8rab@6m the host
transforned into E.coli strain DH5a. Overexpression

ofstiagyB @@édHi#-oduct was i nduced by | PTG when grown
in LB nmedium [00461 The activity of

gl ucosam ne- 6- phosphat e _deani nase was assayed in a

m xture containing 50 nXAMELBH fer, pH 7.8, 5 nM

gl ucosamni ne- 6- phosphate, 5 U gl ucosarri ne- 6- phosphat e
i sonerase, 5 U glucose-6-phosphate dehydrogenase, 1

MM NADP aPrddaetioprd ghicosearine fropefragtesevind ymweenivng | | owed

[0047] Enzyme reactions were performed to produce glucosamine from
fructose and ammonium in the presence of sodium arsenate. One-ml reactions
contained the following:

100 mM HEPES, pH 7.2

100 mM NaAsO4, pH 7.2

20 mM MgCl,

250 mM fructose

100 mM (NH4)2SO4

100 pl E. coli crude extract (2.8 mg/ml total protein)

[0048] The reaction was incubated at 50° C for 24 hours and analyzed for the
presence of glucosamine. Controls consisted of reactions without fructose,
without crude extract, and with boiled crude extract. No glucosamine was
detected in the no fructose control. The control reactions without crude

extract and with boiled extract contained about 280 pg/ml. Use of a crude



by the change of absorbance at 340 um The activity of
gl ucosam ne- 6- phosphate deam nase in the extract of
woheo4gBramsn contai ni ng the nagB expressi on pl aEWiUS2088830495
about 50 tinmes higher than the extract fromthe host
strain E. coli DH5a. EXAMPLE 9 Production of
gl ucosam ne fromfructose and anmoni um [ 00471 Enzyne
reacti ons were perfornmed toléf)roduce gl ucosam ne from
fructose and amoni umin the presence of sodi um
arsenate. One-nml reactions contained the follow ng:
100 MM HEPES, pH 7.2 100 nmM NaAsO4, pH 7.2 20 mM
MgQiact 2 50 deMrdmu celts avithl GO advle NeMgr2§@dss¢d Ogliicdsearniplkio-

- eheTal (EStinde, mafBataboso Fod b, et Pt tade extract
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c ielitosanine Gephospliete \Weathinges)| wsaultady e peoductien of Nebout 290

gl u ami ne. vas eg fru t
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unhoserndfondinag skl ihghe art ¢hat theesamel dan bdlpdrfmﬂwdcwiﬂniaiarwide

tr ggg %&ggﬁgﬂ | %Qucoi‘ioa g‘g)lglggg fgwiho 1?’{?%?@ Q ﬁggrgmeters without
g'e%@%ﬁ}féescoﬂ_é‘bﬁthbﬁn@%ldﬁ oft aAQanbehﬁnénﬂ @He%?e AID patents
fructose to g ucosam ne act|V|ty N he crude exiract
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[0049] Having now fully described the invention, it

Wi Il be understood by those of ordinary skill in the
wanbo#deet he sane can be perforned within a wPde/uS204d/030495

equi val ent range of conditions, formulations and ot her

paranmeters without effecting the scope of the

i nvention or any enbodi nent thereof. Al patents and

publications cited herein gre fully incorporated by

reference herein in their " “entirety. WO 2004/ 031396

PCT/ US2003/ 030495 -20- WHAT IS CLAIMED IS: 1. A

cell-free nethod of producing gl ucosam ne-6-phosphate

f VoHASt BrCbAIMERIISodext rin or gl ycogen conpri sing

i ncubating starch, maltodextrin or glycogen with

glutamne in a reaction mx conprising a cellular

ext r actA csiirped raethgd gf prods@ng ghic6saptins piphbgphaterfrdiastarch,

activity. 2. The nmethod of cl.aim.1,  wherein, sai .

cel I ul a@al@ﬁ%&ha%tor féf}ffﬁg?% ESMPRFIHE JRRAHRE @%o?&ﬂ‘&@%‘mﬂ

synt hage o1 oo GitiEARAMIAL iif hakiibn M@E&hﬁiﬁﬁ% d cellular

extract 1I's a“eukaryotic cell or bacterial cel

ext r actexirdct cdmprisieg plodosamingd-aipho®hatsisentbase astiividy.

cellular extract is an E. coli extract. 5. The nethod

of claim1, wherein said cellular. extract i repar ed
by di %p@iﬁ%gt clagn, 2 WASHRY i S celg 5?‘%‘8&‘?%%%
per f or @lﬁ&sﬁiﬁne-ﬁ— Sinam Sufifagd € precipitation and

col l ecting the precipitate produced between 40% and
60% anmoni um sul fate saturation. 6. The method of

cl.aim wherein.sai.d starch i s.sel.ected fromthe '
group n@%@?# R§°© m313|w efr%msﬁah(f S)ﬁt,ra(% o eélg ar 8{1:? cell or
pot at 0 wat@Fslltell Ekiggtst arch and wheat starch. 7. The

met hod of claim 1, wherein said glycogen is selected
fromthe group consisting of rabbit |iver glycogen,

g%ggge#ﬂevl%hg& YFA9ERr 3, WISRA BUYGRERD RARICOUSHEE. coli

extract.

5. The method of claim 1, wherein said cellular extract is prepared by
disrupting the cells, removing cellular debris and performing an
ammonium sulfate precipitation and collecting the precipitate produced

between 40% and 60% ammonium sulfate saturation.

6. The method of claim 1, wherein said starch is selected from the group
consisting of soluble starch, corn starch, potato starch, rice starch and

wheat starch.
7. The method of claim 1, wherein said glycogen is selected from the
group consisting of rabbit liver glycogen, bovine liver glycogen,

mussel glycogen and oyster glycogen.

8. The method of claim 1, wherein said maltodextrin is maltodextrin 10.



8. The nmethod of claim1l1l, wherein said maltodextrinis
mal t odextrin 10. WD 2004/ 031396 PCT/ US2003/ 030495 -21
w0 2000a13vet hod of claim 1, wherein said reacti BATNISX003/030495
further conprises one or nore of a phosphoryl ase,
phosphogl uconut ase, gl ucose-1, 6- bi sphosphate and
phosphogl ucose i sonerase. 10. The nethod of claim1,
wherein said reaction m x conprises: a phosphate
source; sol uble starch; l«ﬁ%'glutanine; a magnesi um
source; glucose-1, 6-bisphosphate; a phosphoryl ase;
phosphogl uconut ase; phosphogl ucose i sonerase; and E
céli exXiheandthodldf claing dl, wiferae saidtrhmﬂionfmimr fudther ogmprises
gl ucosani ne- 6- phosphat e fr n1st mal t odextrin or
o ycog i QPG PSSR Fisg PBr DR RH O P S Re .6
or 9|y%ﬂﬂﬁ&;ﬂhk@n@ﬁh&ﬂﬁB@h&%b%%M&&%e'n a reaction mx
conprising a cellular extract conprising
glucosanlne 6- phosphat e deam nase act|V|ty 12. The
ho cla| | ul ar extract
cafor 488 R Siitn S SeE et paegS. mhe
net hod of chahfiphite sohiReei N said extract is a
eukaryotic cell or bacterial cell extract. 14. The
net hod of chelpblesBrchiherein said cellular extract is
an E. coli yextract. WO 2004/031396 PCT/ US2003/ 030495

glutamine;

a magnesium source;
glucose-1,6-bisphosphate;

a phosphorylase;
phosphoglucomutase;
phosphoglucose isomerase; and

E. coli extract.

11. A cell-free method of producing glucosamine-6-phosphate from starch,
maltodextrin or glycogen comprising incubating starch, maltodextrin
or glycogen with an ammonium source in a reaction mix comprising a
cellular extract comprising glucosamine-6-phosphate deaminase

activity.

12.  The method of claim 11, wherein said cellular extract comprises

glucosamine-6-phosphate deaminase.

13.  The method of claim 11, wherein said extract is a eukaryotic cell or

bacterial cell extract.

14. The method of claim 13, wherein said cellular extract is an E. coli

extract.



-22 15. The nethod of claim 11, wherein said cellular
extract is prepared by dlsruptlng the cells, renoving
woebd4#Beve debri s and performng an anmmoni um SBCTASE003/030495
precipitation and collecting the precipitate produced
bet ween 30% and 50% anmoni um sul fate saturation. 16.
The nethod of claim 11, wherein said starch is
selected fromthe group consisting of soluble starch,
corn starch, potato starch;2%4ice starch and wheat
starch. 17. The nmethod of claim 11, wherein said
gl ycogen is selected fromthe group consisting of
r dsbi t Thewesthed y£ o]gim 11bw~hbnem $aid eclldbryetgenis prapmedby

gl ycogen and o ter met hod of cl ai m
0 vndiiingalis. R R en oo Bilara feutoby  Retiogint; gh
The ﬂetaﬁﬁ%&&n%hl@atgbﬂe&pwﬁﬁ&{ Qﬂdrbo?l@étﬁlgr'] @9I=écﬁﬁtafe produced
further conprises one or nore of phosphoryl ase,

phos phdgiween AlYesd, 503 anowsiuly Sifats sphaisphat e and
phosphogl ucose i sonerase. 20. The nethod of claim 11,
wherein said reaction m x conprises: a phosphate

SOl Ce;The hefid BoflARCIY, whkkein saad stRit0Nkd1EBEPHbMahe g@dup
magnesi um sour ce; | ucose-1, 6 -bi sphosphate; a

phos pheeisiging, of sp ﬁe@hu@qsmataa@e potaishgigishoteeeiash and
[ somer% %%glﬁ . coli extract. WO 2004/ 031396
pCT/ Us2OB370%6%05 -23 21. A cell-free method of
produci ng gl ucosam ne conprising incubating
17. The method of claim 11, wherein said glycogen is selected from the
group consisting of rabbit liver glycogen, bovine liver glycogen,

mussel glycogen and oyster glycogen.
18. The method of claim 11, wherein said maltodextrin is maltodextrin 10.

19.  The method of claim 11, wherein said reaction mix further comprises
one or more of a phosphorylase, phosphoglucomutase, glucose-1,6-

bisphosphate and phosphoglucose isomerase.

20.  The method of claim 11, wherein said reaction mix comprises:
a phosphate source;
soluble starch;
KCI;
an ammonium source;
a magnesium source;
glucose-1,6-bisphosphate;
a phosphorylase;
phosphoglucomutase;
phosphoglucose isomerase; and

E. coli extract.



gl ucosam ne- 6- phosphate wth a phosphatase in a

reaction mx. 22. The nmethod of claim21, wherein said
wohosphaase i s sel ected fromthe group consi BCTG2@8/030495

shrinp al kal i ne phosphat ase, bovine intestina

al kal i ne phosphat ase and bacterial alkaline

phosphat ase. 23. A cell-free nmethod of producing

gl ucosam ne fromfructose conprising incubating

fructose with glutamne inZd-reaction nix conprising

a cellular extract conpri.sing glucosam ne-6-phosphate

synthase activity. 24. The nethod of claim 23, wherein

saild cal tall-fee encthoricof prodpsing ghicosamine comprising incubating

gl ucosam ne- 6- phosphat e synt hase, 25. The nethad of

cl ai m gcosgREResPPhgslgteakith apRosphatascdiRAP3FIPR E1Kel | or

bacterial cell extract. 26. The nmethod of claim 23,

wherein said cellular extract is an E. coli extract.

2722. Th@hewtetiod offclabingd Ipwhereindasd phaspeatass i edleatbdifrom the

extract 1 s prepared .dis ting the cells, renmpvin
cel | ul gwuae%sgaa% &tgm r#l?%gmér&o F’uh?%lﬂ? ﬂg‘tgéina
preci phfiatihdphRpshifelahe Ghdtéishl faﬂkﬁiﬂé Sidsphdtadee produced

bet ween 40% and 60% anmoni um sul fate saturati on. 28.
The nmet hod of claim 23, wherein said reaction m X

AT et Bt e pern ettt T 0TsaBRY ym Sdnbigse
cel | - f e@@pAEih Gecating Oftutésegwith Uglatdiihe einf & a@hction mix

fructose conpri si ngl I ncubating fructgse with an
amoni GYRBBYRS e i osllBlay cxiaeto FOMPRISING GHFISATHIG-Gephosphate

cel I ul tﬁ&%%ra%itfonp” si ng gl ucosani ne- 6- phosphat e
deam nasSe activity.

24.  The method of claim 23, wherein said cellular extract comprises

glucosamine-6-phosphate synthase.

25.  The method of claim 23, wherein said extract is a eukaryotic cell or

bacterial cell extract.

26. The method of claim 23, wherein said cellular extract is an E. coli

extract.

27.  The method of claim 26, wherein said cellular extract is prepared by
disrupting the cells, removing cellular debris and performing an
ammonium sulfate precipitation and collecting the precipitate produced

between 40% and 60% ammonium sulfate saturation.

28.  The method of claim 23, wherein said reaction mix comprises:
fructose;
K(i;
glutamine; and

E. coli extract.



30. The nethod of claim 29, wherein said cellular
extract conprises glucosam ne-6-phosphat e deam nase.
wG2Ro04Maes9aet hod of claim 29, wherein said extracT/uSs003/030495
eukaryotic cell or Dbacterial cell extract. 32. The
met hod of claim 31, wherein said cellular extract is
an E. coli extract. 33. The nethod of claim 29,
wherein said cellular extract is prepared by
di srupting the cells, r emové g cellular debris and
performng an anmmonium sulfate precipitation and
collecting the precipitate produced between 30% and
50% anmonielivisel hatlods atfurpaoduwing 3glucosaminmet fiord dfuctose
claim29, wherein said refacti. N M x _conprises:

f 1 uct oSEmPRENS inchha e YATG ML AmmgRRD g0URcEjpa reaction

exXtractyix comprising a cellular extract comprising glucosamine-6-phosphate

deaminase activity.

30.  The method of claim 29, wherein said cellular extract comprises

glucosamine-6-phosphate deaminase.

31.  The method of claim 29, wherein said extract is a eukaryotic cell or

bacterial cell extract.

32. The method of claim 31, wherein said cellular extract is an E. coli

extract.

33.  The method of claim 29, wherein said cellular extract is prepared by
disrupting the cells, removing cellular debris and performing an
ammonium sulfate precipitation and collecting the precipitate produced

between 30% and 50% ammonium sulfate saturation.

34.  The method of claim 29, wherein said reaction mix comprises:
fructose;
KCI;
an ammonium source; and

E. coli extract.



