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(57) ABSTRACT 

The present invention provides methods for producing Sia 
lyloligosaccharides in Situ in dairy Sources and cheese 
processing waste Streams, prior to, during, or after process 
ing of the dairy Source during the cheese manufacturing 
process. The methods of the present invention use the 
catalytic activity of C(2-3) trans-Sialidases to exploit the 
high concentrations of lactose and C.(2-3) SialoSides which 
naturally occur in dairy Sources and cheese processing waste 
Streams to drive the enzymatic Synthesis of C.(2-3) Sialyl 
lactose. C.(2-3) Sialyloligosaccharides produced according to 
these methods are additionally encompassed by the present 
invention. The invention also provides for recovery of the 
Sialyloligosaccharides produced by these methods. The 
invention further provides a method for producing C(2-3) 
Sialyllactose. The invention additionally provides a method 
of enriching for C (2-3) Sialyllactose in milk using transgenic 
mammals that express an O.(2-3) trans-Sialidase transgene. 
The invention also provides for recovery of the sialyllactose 
contained in the milk produced by this transgenic mammal 
either before or after processing of the milk. Transgenic 
mammals containing an O(2-3) trans-Sialidase encoding 
Sequence operably linked to a regulatory Sequence of a gene 
expressed in mammary tissue are also provided by the 
invention. 
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METHODS FOR PRODUCING 
SALYLOLIGOSACCHARIDES IN ADARY 

SOURCE 

0001. This invention relates to methods for producing 
C (2-3) Sialyloligosaccharides in a dairy Source or cheese 
processing waste Stream by contacting the dairy Source or 
cheese processing waste Stream with a catalytic amount of at 
least one O(2-3) trans-Sialidase. In preferred embodiments, 
the methods of the invention are applied to produce C.(2-3) 
Sialyllactose in a dairy Source or cheese processing waste 
Stream. Methods for isolating the C(2-3) Sialyloligosaccha 
rides produced according to the methods of the invention are 
also provided. The invention additionally relates to a method 
for producing C(2-3) sialyllactose in milk using a transgenic 
mammal containing an O.(2-3) trans-Sialidase encoding 
Sequence operably linked to a regulatory Sequence of a gene 
expressed in mammary tissue. 

BACKGROUND OF THE INVENTION 

0002) 2.1. 
Streams 

Sialyloligosaccharides in Cheese Waste 

0003) Whey is a major by-product of cheese manufac 
turing, which, for environmental reasons, presents a difficult 
waste disposal problem. In the United States alone, fluid 
whey is being produced at a rate of about 62.6 billion pounds 
annually. Whey is typically composed of about 5 wt.% 
lactose, 1 wt.% protein and about 0.5 wt.% salts, where the 
balance of the mixture is water. A major effort by many 
cheese making countries is presently underway to develop 
uses for this commodity, which formerly was considered a 
cheese processing waste product. 
0004 Although the protein concentrate obtained by ultra 
filtration of whey has become a valuable commodity in the 
food industry and has found applications in animal feed, 
fertilizer, fermentation, and food filler, the majority of the 
resulting lactose-rich ultrafiltered permeate is still consid 
ered a disposable fraction. 
0005 Recently, several sialyloligosaccharides have been 
found to have valuable application as pharmaceutics. See, 
e.g. U.S. Pat. No. 5,270,462 to Shimatani et al. Sialyllactose 
has been Shown to neutralize enterOtoxins of various patho 
genic microbes including Escherichia coli, Vibrio cholerae 
and Salmonella. See, e.g. U.S. Pat. No. 5,330,975 to Hiroko 
et al. It has also been shown that a(2-3) sialyllactose 
(C-Neu5Ac-(2-3)-Gal-B-(1-4)-Glc) interferes with coloniza 
tion of Helicobacter pylori and thereby prevents or inhibits 
gastric and duodenal ulcers. See e.g. U.S. Pat. No. 5,514,660 
to Zopfet al. Sialyllactose has additionally been proposed to 
inhibit immune complex formation by disrupting Occupancy 
of the Fc carbohydrate binding site On IgG and to be useful 
in treating arthritis. See, e.g. U.S. Pat. No. 5,164,374 to 
Rademacher et al. 

0006 To date, commercially available sialyloligosaccha 
rides have been very expensive due to their low quantity in 
natural Sources. For example, C.(2-3) Sialyllactose and O(2- 
6) sialyllactose isolated from bovine colostrum, is sold for S 
75.60 and S 83.30 per milligram, respectively (Sigma 
Chemical Company, 1997). 
0007 A focused effort has been directed toward harvest 
ing Sialyloligosaccharides from the vast Supply of whey 
made available as a cheese processing waste product. Pro 
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ceSSes for isolating Sialyloligosaccharides have utilized Such 
techniques as ultrafiltration, ion-exchange resins and phase 
partition chemistry. U.S. Pat. No. 4,001,198 to Thomas and 
U.S. Pat. No. 4,202,909 to Pederson; U.S. Pat. No. 4,547, 
386 to Chambers et al.; U.S. Pat. No. 4,617,861 to Arm 
strong; U.S. Pat. Nos. 4,971,701 and 4.855,056 to Harju et 
al.; U.S. Pat. No. 4,968,521 to McInychyn; U.S. Pat. No. 
4,543,261 to Harmon et al., U.S. Pat. Nos. 5,118,516 and 
5,270,462 to Shimatani; JP Kokai 01-168,693; JP Kokai 
03-143,351; JP Kokai 59-184, 197; JP Kokoku 40-1234, JP 
Kokai 63-284,199 and Japanese Patent Publication No. 
21234/1965, each of which is herein incorporated by refer 
ence in its entirety. Yields of up to 6 grams of C.(2-3) 
Sialyllactose Sialyloligosaccharide per kilogram of cheese 
processing waste Stream have been reported. U.S. Pat. No. 
5,575,916 to Brian et al. which is herein incorporated by 
reference in its entirety. 
0008 2.2. Sialidases and Sialyltransferases 
0009 Sialic acids are 9-carbon carboxylated Sugars 
which generally occur as the terminal monosaccharides in 
oligosaccharide chains. In mammalian cells, Sialic acids are 
most frequently linked to f-galactose with an O(2-3) link 
age, and to N-acetylglucosamine and N-acetylgalactosamine 
with an O.(2-6) linkage. Cross et al., 1993, Annu. Rev. 
Microbiol. 47:385-411. 

0010 Sialidases catalyze the removal of Sialic acid resi 
dues from the oligosaccharide chain. Due to the wide variety 
of substitutions which may occur at various carbons of the 
Sialic acid molecules, there are at least 39 different Species 
of Sialic acids. Colli, W., 1993, FASEB J. 7:1257-1264. 
Generally, Sialidases exhibit Substrate Specificity for Specific 
forms of Sialic acid linkages. Viral Sialidases cleave O(2-3) 
glycosidic bonds more efficiently than C.(2-6) bonds, but 
bacterial Sialidases are not as Specific. CroSS et al., 1993, 
Annu. Rev. Microbiol. 47:385-411 (citing Corfield et al. 
1982, Sialic Acids. Chemistry, Metabolism and Function, 
Vol. 10, New York: Springer-Verlag, pp. 195-261). At low 
enzyme concentrations, bacterial Sialidases exhibit a pref 
erence for cleaving C(2-3) or C(2-6) glycosidic bonds. Cross 
et al., 1993, Annu. Rev. Microbiol. 47:385-411. 
0011 CMP-Sialyltransferases catalyze the transfer of 
cytidine monophosphate-Sialic acid (CMP-Sialic acid) resi 
dues to acceptor molecules. Although many Sialidases 
exhibit at least some substrate specificity, CMP-Sialyltrans 
ferases act on specific substrates. Mammalian CMP-Sialyl 
transferases are generally found in the Golgi, however, there 
is evidence that there may be cell-surface associated CMP 
sialyltransferases as well. Cross et al., 1993, Annu. Rev. 
Microbiol. 47:385-411 (citing Roth et al., 1971, J. Cell Biol. 
51:536-547; Shur, 1991, Glycobiology 1:563-575; 
Yogeeswaran et al., 1974, Biochem. BiophyS. Res. Commun. 
59:591-599). 
0012 2.3. Trypanosoma Cruzi C.(2-3)-Trans-Sialidase 
0013 Trypanosoma cruzi (Order Kinetoplastida) is the 
intracellular parasite responsible for Chagas disease, 
throughout Iberoamerican countries. Chagas disease prima 
rily affects nerve and muscle cells. One Serious manifesta 
tion of Chagas disease is a chronic progressive fibrotic 
myocarditis. Colli, 1993, FASEB J. 7:1257-1264. Approxi 
mately 16-18 million people are infected with T. cruzi. Colli, 
1993, FASEB J. 7:1257-1264. 
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0.014 T. cruzi invades a broad range of host cells, and a 
considerable amount of research has focused on the Surface 
molecules in order to determine which molecules may be 
involved in parasite/host interaction. Colli, 1993, FASEB.J. 
7:1257-1264. One surface molecule which has generated a 
great deal of interest is the C.(2-3)-trans-Sialidase. This 
molecule has the capability of catalyzing both the removal 
of Sialic acid from a donor Saccharide-containing molecule 
(Sialidase activity) and catalyzing the transfer of the Sialic 
acid to an acceptor Saccharide-containing molecule (trans 
sialidase activity). Schenkman et al., 1992, J. Exp. Med. 
175:567-575. The gene encoding T. cruzi trans-Sialidase has 
been cloned and characterized at the molecular level. 

0.015 The T. cruzi C.(2-3) trans-Sialidase catalyzes the 
transfer of Sialic acid from a donor terminal 3-galactosyl 
Sialoglycoconjugate to a terminal B-galactose on an acceptor 
molecule. Colli, W., 1993, FASEB J. 7:1257-1264. T. cruzi 
C.(2-3) trans-Sialidase does not use CMP-Sialic acid as a 
Substrate and preferS Sialyl C.(2-3)-linked to f-galactosyl 
residues as Sialic acid donor molecules over Sialyl C.(2-6)-, 
C (2-8)-, and O(2-9)-linked Sialic acids. Schenkman et al., 
1994, Annu. Rev. Microbiol. 48:499-523. Furthermore, T. 
cruzi O(2-3) trans-Sialidase cannot use free Sialic acid as a 
substrate. Vandekerckhove et al. 1992, Glycobiology 2:541 
548. The T. cruzi O(2-3) trans-Sialidase has a broad pH 
optimum centered at 7.0. Cross et al., 1993, Annu Rev. 
Microbiol. 47:385-411. 

0016. More detailed analysis of the C (2-3) trans-Sialidase 
has revealed that the amino-terminal portion of the protein 
is responsible for the C.(2-3) trans-Sialidase activity. Cam 
petella et al., 1994, Mol. Biochem. Parasitol. 64:337-340; 
Schenkman et al., 1994, J. Biol. Chem. 269:7970-7975. It 
has also been determined that there are at least two critical 
amino acid residues: Tyr' and Pro’ of the C.(2-3) trans 
Sialidase appear to be required for full C(2-3) trans-Sialidase 
activity. Cremona et al., 1995, Gene 160:123-25. The impor 
tance of Tyr' is demonstrated by the fact that naturally 
occurring variants of the T. Cruzi C.(2-3) trans-Sialidase 
which have a Tyr'->His substitution, lack C.(2-3) trans 
sialidase activity. Uemura et al., 1992, EMBO J. 11:3837 
3844. 

0017 Trans-Sialidase activity has also been discovered in 
TrypanoSoma brucei, the causative agent of African Sleep 
ing Sickness, Endotrypanum spp. and in Pneumocystis cari 
nii. Like the T. cruzi O(2-3) trans-Sialidase, the T. brucei 
trans-Sialidase has a pH optimum of 7.0. However, unlike 
the T. Cruzi trans-Sialidase, which is expressed during the 
trypomastigote Stage, the T. bruceii trans-Sialidase appears to 
be expressed only during the procyclic Stage of the parasite 
life cycle, when the parasite resides in the midgut of its 
insect vector (Glossina spp., the "tSetse fly”). Cross et al., 
1993, Annu Rev. Microbiol. 47:385-411. 

0018 2.4. Sialyllactose Production 
0019. A variety of methods for enzymatically producing 
Sialylated oligosaccharides have been described. 

0020 U.S. Pat. No. 5,374,541 to Wong et al., describes a 
method for producing Sialyloligosaccharides. According to 
this method, B-galactosidase is used to form 3-galactosyl 
glycosides in the presence of CMP-sialic acid and C.(2-3)- or 
C.(2-6)-CMP-sialyltransferases to form sialylated oligosac 
charides. This method does not use C(2-3) trans-Sialidase. 
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0021 U.S. Pat. No. 5,409,817 to Ito et al., discloses a 
three enzyme process for producing C(2-3) Sialylgalacto 
Sides. According to this process, CMP-Sialyltransferases 
transfer sialic acid from CMP-Sialic acid to acceptor mol 
ecules, these acceptor molecules become donor molecules 
for Trypanosoma cruzi O.(2-3) trans-Sialidase, and CMP 
Sialic acid is regenerated in the System through the action of 
CMP-Sialic acid synthetase and added free sialic acid. 
0022. The process described in U.S. Pat. No. 5,409,817 to 
Ito et al. Specifically requires the addition of free Sialic acid. 
The free sialic acid is converted to CMP-Sialic acid by 
CMP-Sialic acid synthetase, and the sialic acid moiety is 
transferred to an acceptor molecule by CMP-Sialyltrans 
ferase. According to the disclosure of Ito et al., the formation 
of these Sialylated acceptor molecules is required to drive 
the O.(2-3) trans-Sialidase reaction forward. 
0023. In addition to free sialic acid, the method of Ito et 

al., also requires the presence of three enzymes including 
CMP-Sialic acid synthetase and CMP-Sialyltransferase. Fur 
ther, dairy Sources and cheese processing waste Streams do 
not contain CMP-Sialic acid synthetase. 
0024 2.5. Expression of Transgenes in Milk 
0025 Numerous foreign proteins have successfully been 
transgenically expressed in the milk of livestock. Most of 
this work has focused on the expression of proteins which 
are foreign to the mammary gland. Colman, A., 1996, Am. 
J. Clin. Nutr. 63:639S-645S. To date, milk specific expres 
Sion of transgenic livestock has been achieved through 
operably linking regulatory Sequences of milk-specific pro 
tein genes to the target protein-encoding gene Sequence, 
microinjecting these genetic constructs into the pronuclei of 
fertilized embryos, and implanting the embryoS into recipi 
ent females. See e.g. Wright et al., 1991, Biotechnology 
(NY) 9:830-834; Carver et al., 1993, Biotechnology (NY) 
11:1263-1270; Paterson et al., 1994, Appl. Microbiol. Bio 
technol. 40.691-698. Proteins that have been successfully 
expressed in the milk of transgenic animals, include: C1-an 
titrypsin (Wright et al., 1991, Biotechnology (NY) 9:830 
834; Carver et al., 1993, Biotechnology (NY) 11:1263 
1270); Factor IX (Clark et al., 1989, Biotechnology (NY) 
7:487-492); protein C (Velander et al., 1992, Proc. Natl. 
Acad. Sci. USA, 89:12003-12007); tissue plasminogen acti 
vator (Ebert et al., 1991, Biotechology (NY) 9:835-838); and 
fibrinogen. While most of these transgenes express proteins 
that Supplement the composition of milk, Very few, if any of 
the expressed proteins interact directly with the components 
of milk to alter the natural milk composition. There is a need 
for methods providing for the large Scale production of 
C (2-3) Sialyloligosaccharides, Such as C.(2-3) Sialyllactose, 
which have commercial and/or therapeutic valve. 

SUMMARY OF THE INVENTION 

0026. The present invention greatly advances the field of 
commercial production of Sialyloligosaccharides by provid 
ing methods for producing Sialyloligosaccharides in Situ in 
dairy Sources and cheese processing waste Streams. The 
methods of the invention have particular applications in 
producing C(2-3) Sialyllactose in a dairy Source-prior to, 
during, or after processing of the dairy Source during the 
cheese manufacturing process, thereby greatly increasing 
the recoverable yield of C(2-3) sialyllactose from the dairy 
SOCC. 
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0.027 Dairy sources and cheese processing waste streams 
are known to contain high concentrations of lactose and 
numerous C.(2-3) SialoSides, Such as, for example, K casein, 
and the gangliosides. Applicants are the first to provide a 
method for producing C(2-3) sialyllactose in a dairy Source 
or a cheese processing waste Stream. More specifically, the 
method of the present invention uses the catalytic activity of 
C (2-3) trans-Sialidases to exploit the high concentrations of 
lactose and O(2-3) sialoSides which naturally occur in dairy 
Sources, to drive the enzymatic Synthesis of O(2-3) Sialyl 
lactose. This catalytic activity does not require the presence 
of CMP-Sialic acid synthetase, CMP-Sialyltransferase and/or 
free siallic acid to drive the sialylation of C.(2-3) sialyllac 
tose and other O(2-3) Sialyloligosaccharides. 
0028. Accordingly, the invention provides a novel 
method for producing C(2-3) Sialyloligosaccharides, and 
specifically, C(2-3) sialyllactose (C-Neu5Ac-(2-3)-Gal-B- 
(1-4)-Glc), in a dairy Source or cheese processing waste 
Stream by catalyzing the Sialidation of lactose (Gal-f-(1-4)- 
Glc). In specific embodiments, the method of the invention 
is applied to the dairy Source prior to or during processing. 
In another Specific embodiment, the method of the present 
invention is applied after processing of the dairy Source (e.g. 
to a cheese processing waste stream). 
0029. The present invention provides a method for pro 
ducing Sialyloligosaccharides in a dairy Source. This method 
comprises contacting a catalytic amount of least one C.(2-3) 
trans-Sialidase with a dairy Source to form a dairy/trans 
Sialidase mixture and incubating the dairy/trans-Sialidase 
mixture under conditions Suitable for C (2-3) trans-Sialidase 
activity. C.(2-3) Sialyloligosaccharides produced according 
to this method are additionally encompassed by the present 
invention. The invention also provides for recovery of the 
Sialyloligosaccharides contained in the incubated dairy/ 
trans-Sialidase mixture or alternatively, in compositions 
formed after processing of the incubated dairy/trans-Siali 
dase mixture (e.g. a cheese processing waste stream), using 
techniques which include, but are not limited to, ultrafiltra 
tion, diafiltration, nanofiltration, electrodialysis, phase par 
titioning and ion eXchange chromatography. 

0030 The present invention also provides a method for 
producing Sialyloligosaccharides in a cheese processing 
waste Stream. This method comprises contacting a catalytic 
amount of at least one C.(2-3) trans-Sialidase with a cheese 
processing waste Stream to form a waste Stream/trans 
Sialidase mixture and incubating the waste Stream/trans 
Sialidase mixture under conditions Suitable for C.(2-3) trans 
Sialidase activity. C.(2-3) Sialyloligosaccharides produced 
according to this method are additionally encompassed by 
the present invention. The invention also provides for recov 
ery of the Sialyloligosaccharides contained in the incubated 
dairy/trans-Sialidase mixture using techniques which 
include, but are not limited to, ultrafiltration, diafiltration, 
nanofiltration, electrodialysis, phase partitioning and ion 
eXchange chromatography. 

0031. The invention further provides a method for pro 
ducing C(2-3) Sialyllactose. This method comprises contact 
ing a catalytic amount of at least one C (2-3) trans-Sialidase 
with lactose and an O(2-3) sialyloligosaccharide, in the 
absence of CMP-Sialyltransferase, to form a mixture, and 
incubating this mixture under conditions Suitable for C (2-3) 
trans-Sialidase activity. C(2-3) Sialyllactose produced 
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according to this method are additionally encompassed by 
the present invention. The invention also provides for recov 
ery of the Sialyllactose contained in this incubated mixture 
using techniques which include, but are not limited to, 
ultrafiltration, diafiltration, nanofiltration, electrodialysis, 
phase partitioning and ion eXchange chromatography. 
0032. The invention additionally provides a method of 
enriching for O(2-3) Sialyllactose in milk using transgenic 
mammals that express an O.(2-3) trans-Sialidase transgene. 
According to this method, a transgene comprising an O(2-3) 
trans-Sialidase encoding Sequence is operably linked to a 
regulatory Sequence of a gene expressed in mammary tissue 
and this C(2-3) trans-Sialidase/regulatory sequence trans 
gene is then introduced into the germline of a mammal to 
produce a transgenic mammal. The milk produced by a 
transgenic mammal demonstrating C.(2-3) trans-Sialidase 
activity in mammary tissue, contains enriched O(2-3) Sia 
lyllactose concentrations. The invention also provides for 
recovery of the Sialyllactose contained in the milk produced 
by this transgenic mammal either before or after processing 
of the milk. Transgenic mammals containing an O(2-3) 
trans-Sialidase encoding Sequence operably linked to a regu 
latory Sequence of a gene expressed in mammary tissue are 
also provided by the invention. Significantly, a dairy Source, 
cheese processing waste Stream, and transgenic mammal can 
be used to produce enriched concentrations of C.(2-3) Sia 
lyllactose. 

0033 AS used herein, “trans-Sialidase” refers to a com 
pound that catalyzes the transfer of a Sialic acid from one 
Saccharide-containing molecule (e.g. oligosaccharide, 
polysaccharide, glycoprotein or glycolipid) to another sac 
charide-containing molecule and which does not require 
presence of free Sialic acid, CMP-Sialic acid, Synthetase 
and/or CMP-Sialyltransferase in the reaction mixture for its 
activity. 

0034. As used herein, “trans-Sialidase activity” refers to 
the catalytic reaction in which an enzyme catalyzes the 
removal of a Sialic acid from one Saccharide-containing 
molecule and the transfer of the Sialic acid to another 
Saccharide-containing molecule, covalently attaching the 
Sialic-acid to the acceptor molecule through a glycosidic 
bond. 

0035). As used herein, a “catalytic amount” of C.(2-3) 
trans-Sialidase enzyme refers to the quantity of enzyme 
Sufficient to cause the transfer of a Sialic acid from one 
Saccharide-containing molecule to another Saccharide-con 
taining molecule. 
0036 AS used herein, “conditions suitable for trans 
Sialidase activity” encompass appropriate conditions (e.g. 
temperature, pH and incubation time) Sufficient to permit the 
enzymatic removal of a Sialic acid from one Saccharide 
containing molecule and the transfer of the Sialic acid to 
another Saccharide-containing molecule. 
0037 AS used herein, “O.(2-3) sialyloligosaccharides” 
refer to Sugars in which a Sialic acid is covalently attached 
to the 3' carbon of a B-galactose moiety through a glycosidic 
bond. In the methods of the present invention, C.(2-3) 
Sialyloligosaccharides encompass Saccharides with any form 
of Sialic acid covalently attached to the 3'-f-galactose. 
0038. As used herein, “dairy source” refers to a product 
of lactation in a mammal, a Substance made by the product, 
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or a byproduct thereof. AS used herein, "dairy Source” 
includes, but is not limited to, milk, colostrum, a cheese 
processing mixture, and a composition Simulating milk. 

0039. As used herein, a “cheese processing mixture” is a 
compilation of ingredients of dairy processing at any stage 
during dairy processing (e.g. pasteurization, fermentation, or 
cheese manufacture) other than the cheese processing waste 
Stream. 

0040 AS used herein, “a composition simulating milk' is 
a Solution lacking one or more of CMP-Sialyltransferase, 
CMP-synthetase and/or free sialic acid, but which contains 
at least C.(2-3) sialoSides to act as donors for the trans 
Sialidase, lactose and, optionally, appropriate buffering 
agents to maximize the activity of the C.(2-3) trans-Sialidase 
when it is added to the Solution. 

0041 AS used herein, “cheese processing waste stream” 
refers to a byproduct of cheese manufacture and includes, 
but is not limited to, whole whey, demineralized whey 
permeate the regeneration Stream from demineralized whey 
permeate, whey-permeate, crystallized lactose, Spray dried 
lactose, whey powder, edible lactose and lactose. Whey 
containing Sialic acids, is a byproduct obtained when cheese 
or rennet casein is produced from milkS Such as cow milk, 
goat milk, and sheep milk. For example acid whey, is 
generated by Separating the Solids when Skim milk is coagul 
lated to form cottage cheese. Acid whey is characterized by 
a high lactic acid content. When cheese is prepared from 
whole milk, the remaining liquid is Sweet whey, which can 
be further processed by evaporation to form dry whey 
powder. Sweet whey can also be dried, demineralized and 
evaporated to form demineralized whey permeate. Sweet 
whey can also be Subjected to ultrafiltration to generate both 
a whey permeate and a whey protein concentrate. Whey 
permeate can be further processed by crystallizing lactose to 
form both lactose and a mother liquor. The mother liquor 
resulting from crystallizing lactose from a whey permeate is 
known in the art as “Delac.” 

0042. The C.(2-3) trans-Sialidase used according to the 
method of the present invention encompasses Kinetoplastid 
trans-Sialidases, trans-Sialidases derived from Trypanosoma, 
Endotrypanum, and Pneumocystis, and includes trans-Siali 
dases of TrypanoSoma Cruzi, TrypanoSoma brucei, Endot 
rypanum spp. and Pneumocystis carinii. Trans-Sialidases 
that may be used according to the method of the present 
invention are further defined infra in Section 5.1. 

BRIEF DESCRIPTION OF THE FIGURES 

0.043 FIG. 1. Complete nucleotide sequence of Trypa 
nosoma cruzi (Genbank D50685) C(2-3) trans-Sialidase. 
0044 FIG. 2. Deduced amino acid sequence of Trypa 
nosoma cruzi (Genbank D50685) C(2-3) trans-Sialidase. 
004.5 FIG. 3. Nucleotide sequence of a functional Try 
panosoma Cruzi O(2-3) trans-Sialidase lacking the amino 
acid repeats (Genbank L26499). 
0.046 FIG. 4. Deduced amino acid sequence of a func 
tional Trypanosoma Cruzi O.(2-3) trans-Sialidase lacking the 
amino acid repeats (Genbank L26499). 
0047 FIG.5. Effect of pH on C(2-3) sialyllactose enrich 
ment in mozzarella whey. The O(2-3) Sialyllactose concen 
tration (ug/mL) is shown as a function of time of incubation 
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of 0.1% C.(2-3) trans-Sialidase lysate at 25 C. Squares 
represent pH 4.0; open diamonds represent pH 5.0, circles 
represent pH 6.0; triangles represent pH 7.0, crossed Squares 
represent pH 8.0; and shaded diamonds represent pH 9.0. 
C.(2-3) sialyllactose enrichment was observed at all pHs 
tested, with only minimal enrichment observed after 20 
minutes at pH 4.0. 

0.048 FIG. 6. Enrichment of C(2-3) sialyllactose in skim 
milk. The concentration of O(2-3) Sialyllactose (ug/mL) is 
shown as a function of time of incubation with 0.1% 
trans-Sialidase lysate at 22 C. 

0049 FIGS. 7A-B. Enrichment of a(0.2-3) sialyllactose 
in mozzarella whey. The concentration of C.(2-3) Sialyllac 
tose (ug/mL) is shown as a function of time of incubation of 
0.1% C(2-3) trans-Sialidase lysate at 25 C. (FIG. 7A) and 
23° C. (FIG. 7B). 
0050 FIG. 8. Enrichment of C.(2-3) sialyllactose in 
Swiss cheese whey. The concentration of C.(2-3) sialyllac 
tose (ug/ml) is shown as a function of time of incubation of 
0.1% C.(2-3) trans-Sialidase lysate at 23° C. over 43 hours. 

0051 FIG. 9. Enrichment of O(2-3) sialyllactose in a 
Solution containing 20 mg/ml lactose, 5 mg/ml K-casein at 
23° C., over 22 hours. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0052 The invention relates to methods for producing 
Sialyloligosaccharides in a dairy Source, particularly, C(2-3) 
Sialyllactose, by contacting a catalytic amount of C.(2-3)- 
trans-Sialidase with a dairy Source to form a dairy/trans 
Sialidase mixture and incubating this mixture under condi 
tions suitable for C.(2-3) trans-Sialidase activity. The 
invention also relates to methods for recovering C(2-3) 
Sialylated oligosaccharides from this incubated dairy/trans 
Sialidase mixture, or alternatively, from compositions 
formed after processing of the dairy/trans-Sialidase mixture 
(e.g. a cheese processing waste stream). In a specific embodi 
ment, C.(2-3) Sialyllactose is recovered from the processed 
composition by ultrafiltration and ion exchange chromatog 
raphy. 

0053. The invention additionally provides for methods of 
producing C(2-3) Sialyloligosaccharides in a cheese process 
ing waste Stream by contacting a catalytic amount of trans 
Sialidase with a cheese processing waste Stream to form a 
waste Stream/trans-Sialidase mixture and incubating this 
mixture under conditions Suitable for C.(2-3) trans-Sialidase 
activity. The invention also relates to methods for recovering 
C (2-3) Sialyloligosaccharides from this incubated waste 
Stream/trans-Sialidase mixture. 

0054 The methods of the present invention can be used 
to produce O(2-3) Sialyloligosaccharides in any reaction 
mixture containing C(2-3) Sialylated Saccharide composi 
tions (e.g. oligosaccharides, polysaccharides, glycoproteins, 
and glycolipids) and lactose. Starting materials may there 
fore be derived from all dairy Sources (e.g. human and 
animal milk, whey and colostrum) or alternatively, a mixture 
of lactose and O(2-3) sialylated Saccharide compositions 
which Simulates a dairy Source. 
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0055) 5.1. C.(2-3) Trans-Sialidase 
0056 The C.(2-3) trans-Sialidase used according to the 
method of the invention is an O(2-3) trans-Sialidase, or 
derivative (including fragments or fusion proteins), or ana 
log thereof, which is able to catalyze the removal of Sialic 
acid from one Saccharide-containing molecule and catalyze 
the transfer of the Sialic acid to a Second Saccharide 
containing molecule. 
0057 The O(2-3) trans-Sialidases that may be used 
according to the method of the invention include, but are not 
limited to, a Kinetoplastid C.(2-3) trans-Sialidase from a 
Species of the genera Trypanosoma, Endotrypanum, and 
Pneumocystis, Such as, for example, TrypanoSoma Cruzi 
C.(2-3) trans-Sialidase, T. bruceii O.(2-3) trans-Sialidase (Pon 
tes de Carvalho et al., 1993, J. Exp. Med. 177:465–474), 
Pneumocystis carinii trans-Sialidase (L. Trimbal, N. Pavia & 
M. E. A. Pereira, unpublished information as cited in Schen 
kman et al., 1994, Annu. Rev. Microbiol. 48:499-523), and 
Endotrypanum spp. trans-Sialidase (Medina-Acosta et al., 
1994, Mol. Biochem Parasitol. Nucleic acid sequences of 
trans-Sialidases are known (for example, Genbank Sequence 
L26499, SPTREMBL:Q26964 (Uemura), SPTREM 
BL:Q26965 (Uemura), SPTREMBL:Q26966 (Uemura), 
SPTREMBL:Q26969 (Cremona et al.), Genbank D50685 
(Uemura). 
0.058. In specific embodiments, a polypeptide consisting 
of or comprising a fragment of at least 50 (continuous) 
amino acids of an O(2-3) trans-Sialidase are used according 
to the method of the invention. In other embodiments, the 
fragment consists of at least 100, 150, 200, 250, 300, 350, 
400, 450, 500, or 550 amino acids of the C.(2-3) trans 
Sialidase. In further specific embodiments, Such fragments 
are not larger than 500, 400, 300, 200 or 100 amino acids. 
Derivatives or analogs of a C (2-3) trans-Sialidase, include 
but are not limited to, those molecules that catalyze the 
transfer of Sialic acid from one Saccharide-containing mol 
ecule (e.g. a oligosaccharide, polysaccharide, glycoprotein, 
or glycolipid) to another Saccharide-containing molecule 
and that are encoded by a DNA sequence that hybridizes to 
the complement of a DNA sequence that encodes a C.(2-3) 
trans-Sialidase, Such as, for example, those listed above, 
under high Stringency, moderately high: Stringency, or low 
Stringency conditions. 
0059 By way of example and not limitation, procedures 
using conditions of low Stringency are as follows (see also 
Shilo and Weinberg, 1981, Proc. Natl. Acad. Sci. USA 
78:6789-6792): Filters containing DNA are pretreated for 6 
h at 40 C. in a solution containing 35% formamide, 5xSSC, 
50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.1% PVP, 0.1% 
Ficoll, 1% BSA, and 500 tug/ml denatured salmon sperm 
DNA. Hybridizations are carried out in the same solution 
with the following modifications: 0.02% PVP, 0.02% Ficoll, 
0.2% BSA, 100 g/ml salmon sperm DNA, 10% (wt/vol) 
dextran sulfate, and 5-20x10 cpm P-labeled probe is used. 
Filters are incubated in hybridization mixture for 18-20h at 
400° C., and then washed for 1.5 h at 55° C. in a solution 
containing 2XSSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA, 
and 0.1% SDS. The wash solution is replaced with fresh 
Solution and incubated an additional 1.5 h at 60° C. Filters 
are blotted dry and exposed for autoradiography. If neces 
sary, filters are washed for a third time at 65-68 C. and 
reexposed to film. Other conditions of low stringency which 
may be used are well known in the art. 
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0060. By way of example and not limitation, procedures 
using conditions of high Stringency are as follows: prehy 
bridization of filters containing DNA is carried out for 8 h to 
overnight at 65° C. in buffer composed of 6xSSC, 50 mM 
Tris-HCl (pH 7.5), 1 mM EDTA, 0.02% PVP, 0.02% Ficoll, 
0.02% BSA, and 500 tug/ml denatured salmon sperm DNA. 
Filters are hybridized for 48 h at 65° C. in prehybridization 
mixture containing 100 ug/ml denatured salmon sperm DNA 
and 5-20x10 cpm of P-labeled probe. Washing of filters is 
done at 37 C. for 1 h in a solution containing 2xSSC, 0.01% 
PVP, 0.01% Ficoll, and 0.01% BSA. This is followed by a 
wash in 0.1xSSC at 50° C. for 45 min before autoradiog 
raphy. Other conditions of high Stringency which may be 
used are well known in the art. 

0061. By way of example and not limitation, procedures 
using conditions of moderately high Stringency are as fol 
lows: filters containing DNA are pretreated for 6 hours to 
overnight at 550C in buffer composed of 6xSSC, 5x Den 
hart's 0.5% SDS, 100 mg/mL salmon sperm DNA. Hybrid 
izations are carried out in the same solution upon adding 
5-20x10 cpm of P-labeled probe and incubated 8–48 hours 
at 55° C. Washing of filters is done at 60° C. in 1XSSC, 0.1% 
SDS, with two exchanges after 30 minutes. Other conditions 
for moderately high Stringency Screening are known in the 
art. For further guidance regarding hybridization conditions 
see, for example, Sambrook et al., 1989, Molecular Cloning, 
A Laboratory Manual, Cold Springs Harbor Press, N.Y.; and 
Ausubel et al., 1989, Current Protocols in Molecular Biol 
ogy, Green Publishing ASSociates and Wiley InterScience, 
N.Y. 

0062) The invention also relates to C.(2-3) trans-Sialidase 
derivatives or analogs made by altering the C(2-3) trans 
Sialidase Sequence by Substitutions, additions or deletions 
that provide for molecules with C.(2-3) trans-Sialidase activ 
ity (i.e., catalyzes the transfer of Sialic acid from one 
Saccharide-containing molecule to another). Thus, the O(2- 
3) trans-Sialidase derivatives include polypeptides contain 
ing, as a primary amino acid Sequence, all or part of the 
C (2-3) trans-Sialidase amino acid sequence including altered 
Sequences in which functionally equivalent amino acid 
residues are Substituted for residues within the Sequence 
resulting in a polypeptide which is functionally active (i.e., 
a polypeptide possessing trans-Sialidase activity). For 
example, one or more amino acid residues within the 
Sequence can be Substituted by another amino acid of a 
Similar polarity which acts as a functional equivalent, result 
ing in a Silent alteration. Conservative Substitutions for an 
amino acid within the Sequence may be Selected from other 
members of the class to which the amino acid belongs. For 
example, the nonpolar (hydrophobic) amino acids include 
alanine, leucine, isoleucine, Valine, proline, phenylalanine, 
tryptophan and methionine. The polar neutral amino acids 
include glycine, Serine, threonine, cysteine, tyrosine, aspar 
agine, and glutamine. The positively charged (basic) amino 
acids include arginine, lysine and histidine. The negatively 
charged (acidic) amino acids include aspartic acid and 
glutamic acid. Such C(2-3) trans-Sialidase derivatives can be 
made either by chemical peptide Synthesis or by recombi 
nant production from nucleic acid encoding the C.(2-3)- 
trans-Sialidase which have been mutated. Any technique for 
mutagenesis known in the art can be used, including but not 
limited to, chemical mutagenesis, in vitro site-directed 
mutagenesis (Hutchinson et al., 1978, J. Biol. Chem 
253:6551), use of TAB(R) linkers (Pharmacia), etc. 
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0.063. The trans-Sialidase, or functionally active deriva 
tive (including fragments and fusion proteins), or analog 
used according to the method of the present invention can be 
obtained by purification from biological tissue or cell cul 
ture, or produced by recombinant or Synthetic techniques 
known in the art. 

0064 Native C.(2-3) trans-Sialidase preparations can be 
obtained from a variety of sources. Standard methods for 
protein purification may be used to isolate and purify, or 
partially purify, C.(2-3) trans-Sialidases from any Source 
known to contain or produce the desired O(2-3) trans 
Sialidase, e.g., T. Cruzi or T. brucei. Such Standard protein 
purification techniques include, but are not limited to, chro 
matography (e.g., ion exchange, affinity, gel filtration/mo 
lecular exclusion chromatography and reversed phase high 
performance liquid chromatography (RP-HPLC)), centrifu 
gation, differential Solubility, and electrophoresis (for a 
review of protein purification techniques, See, Scopes, Pro 
tein Purification; Principles and Procedure, 2nd Ed., C. R. 
Cantor, Editor, Springer Verlag, New York, N.Y. (1987), and 
Parvez et al., Progress in HPLC, Vol. 1, Science Press, 
(1985) Utrecht, The Netherlands). For example, antibodies 
to trans-Sialidases may be generated using techniques known 
in the art, and can be used to prepare an affinity chroma 
tography column for purifying the respective trans-Siali 
dases by well-known techniques (see, e.g., Hudson & May, 
1986, Practical Immunology, Blackwell Scientific Publica 
tions, Oxford, United Kingdom). 

0065 5.1.1. Recombinant Production of Trans-Sialidase 
0.066 Recombinant expression techniques can be applied 
to obtain the C (2-3) trans-Sialidases, derivatives, and ana 
logs utilized according to the method of the invention (see, 
e.g., Sambrook et al., 1989, Molecular Cloning, A Labora 
tory Manual, Cold Spring Harbor Laboratory, 2d Ed., Cold 
Spring Harbor, N.Y., Glover, D. M. (ed.), 1985, DNA 
Cloning: A Practical Approach, MRL Press, Ltd., Oxford, 
U.K., Vol. I, II). The nucleic acid sequences of C.(2-3) 
trans-Sialidases Such as, for example, those described above, 
are known and can be isolated using well-known techniques 
in the art, Such as Screening a genomic or cDNA library, 
chemical Synthesis, or polymerase chain reaction (PCR). 
Further, given these known sequences, other C (2-3) trans 
Sialidases may be cloned using routine recombinant tech 
niques known in the art, Such as, for example, PCR and 
hybridization to the complement of the known nucleic acid 
Sequence under highly Stringent, moderately highly Strin 
gent, and low Stringency conditions, in combination with 
assays which Select for known biochemical properties of the 
C (2-3) trans-Sialidase of interest, or generally, to catalyze the 
transfer of Sialic acid from a donor Saccharide-containing 
molecule to an acceptor Saccharide-containing molecule. 
Cloned O(2-3) trans-Sialidase gene Sequence can be modi 
fied by any of numerous Strategies known in the art. 

0067 To recombinantly produce a C.(2-3) trans-Sialidase, 
derivative or analog, a nucleic acid Sequence encoding the 
C (2-3) trans-Sialidase, derivative, or analog, is operatively 
linked to a promoter Such that the C.(2-3) trans-Sialidase, 
derivative, or analog is produced from Said Sequence. For 
example, a vector can be introduced into a cell, within which 
cell the vector or a portion thereof is expressed, producing 
an C.(2-3) trans-Sialidase or a portion thereof. In a preferred 
embodiment, the nucleic acid is DNA if the Source of RNA 

Sep. 23, 2004 

polymerase is DNA-directed RNA polymerase, but the 
nucleic acid may also be RNA if the Source of polymerase 
is RNA directed RNA polymerase or if reverse transcriptase 
is present in the cell or provided to produce DNA from the 
RNA. Such a vector can remain episomal or become chro 
mosomally integrated, as long as it can be transcribed to 
produce the desired RNA. Such vectors can be constructed 
by recombinant DNA technology methods standard in the 
art. 

0068 A variety of host-vector systems may be utilized to 
express the protein-coding Sequence. These include, but are 
not limited to, mammalian cell Systems infected with virus 
(e.g., vaccinia virus, adenovirus, etc.); insect cell Systems 
infected with virus (e.g., baculovirus); microorganisms. Such 
as yeast containing yeast vectors, or bacteria transformed 
with bacteriophage, DNA, plasmid DNA, or cosmid DNA. 
The expression elements of Vectors vary in their Strengths 
and Specificities and depending on the host-vector System 
utilized, any one of a number of Suitable transcription and 
translation elements may be used. 
0069 Expression of an O.(2-3) trans-Sialidase, derivative, 
or analog may be controlled by any promoter/enhancer 
element known in the art. Such promoters include, but are 
not limited to: the SV40 early promoter region (Bernoist and 
Chambon, 1981, Nature 290:304-310), the promoter con 
tained in the 3' long terminal repeat of Rous Sarcoma virus 
(Yamamoto et al., 1980, Cell 22:787-797), the HSV-1 (her 
pes simplex virus-1) thymidine kinase promoter (Wagner et 
al., 1981, Proc. Natl. Acad. Sci. U.S.A. 78:1441–1445), the 
regulatory Sequences of the metallothionein gene (Brinster 
et al., 1982, Nature 296:39-42); prokaryotic expression 
vectorS Such as the f-lactamase promoter (Villa-Kamaroffet 
al., 1978, Proc. Natl. Acad. Sci. U.S.A. 75:3727-3731), or 
the tac promoter (DeBoer et al., 1983, Proc. Natl. Acad. Sci. 
U.S.A. 80:21-25); see also “Useful Proteins from Recom 
binant Bacteria” in Scientific American, 1980, 242:74-94, 
plant expression vectors comprising the nopaline Synthetase 
promoter region (Herrera-Estrella et al., 1983, Nature 
303:209-213) or the cauliflower mosaic virus S RNA 
promoter (Gardner et al., 1981, Nucl. Acids Res. 9:2871), 
and the promoter of the photosynthetic enzyme ribulose 
biphosphate carboxylase (Herrera-Estrella et al., 1984, 
Nature 310:115-120); promoter elements from yeast or other 
fungi such as the Gal 4-promoter, the ADC (alcohol dehy 
drogenase) promoter, PGK (phosphoglycerol kinase) pro 
moter, alkaline phosphatase promoter, and the following 
animal transcriptional control regions, which exhibit tissue 
Specificity and have been utilized in transgenic animals: 
elastase I gene control region which is active in pancreatic 
acinar cells (Swift et al., 1984, Cell 38:639-646; Ornitz et 
al., 1986, Cold Spring Harbor Symp. Quant. Biol. 50:399 
409; MacDonald, 1987, Hepatology 7:425-515); insulin 
gene control region which is active in pancreatic beta cells 
(Hanahan, 1985, Nature 315:115-122), immunoglobulin 
gene control region which is active in lymphoid cells 
(Grosschedl et al., 1984, Cell 38:647-658; Adames et al., 
1985, Nature 318:533-538; Alexander et al., 1987, Mol. 
Cell. Biol. 7:1436-1444), mouse mammary tumor virus 
control region which is active in testicular, breast, lymphoid 
and mast cells (Leder et al., 1986, Cell 45:485-495), albumin 
gene control region which is active in liver (Pinkert et al., 
1987, Genes and Devel. 1:268-276), alpha-fetoprotein gene 
control region which is active in liver (Krumlaufetal., 1985, 
Mol. Cell. Biol. 5:1639-1648; Hammer et al., 1987, Science 



US 2004/0185.146 A1 

235:53-58; alpha 1-antitrypsin gene control region which is 
active in the liver (Kelsey et al., 1987, Genes and Devel. 
1:161-171), beta-globin gene control region which is active 
in myeloid cells (Mogram et al., 1985, Nature 315:338-340; 
Kolias et al., 1986, Cell 46:89-94, myelin basic protein gene 
control region which is active in oligodendrocyte cells in the 
brain (Readhead et al., 1987, Cell 48:703-712); myosin light 
chain-2 gene control region which is active in skeletal 
muscle (Sani, 1985, Nature 314:283-286), and gonadotropic 
releasing hormone gene control region which is active in the 
hypothalamus (Mason et al., 1986, Science 234:1372-1378). 
The promoter element which is operatively linked to the 
nucleic acid encoding trans-Sialidase, derivative or analog, 
can also be a bacteriophage promoter with the Source of the 
bacteriophage RNA polymerase expressed from a gene for 
the RNA polymerase on a separate plasmid, e.g., under the 
control of an inducible promoter, for example, the nucleic 
acid encoding trans-Sialidase, derivative, or analog, opera 
tively linked to the T7 RNA polymerase promoter with a 
Separate plasmid encoding the T7 RNA polymerase. In a 
preferred embodiment of the invention, eXpression of a 
C (2-3) trans-Sialidase, derivative, or analog is controlled by 
a regulatory Sequence of a gene expressed in mammary 
tissue, Such as, for example, the regulatory Sequence of a 
gene encoding a milk Specific protein (see e.g., Wright et al., 
1991, Biotechnology (NY) 9:830-834; Carver et al., 1993, 
Biotechnology (NY) 11:1263-1270); Clark et al., 1989, 
Biotechnology (NY) 7:487-492; Velander et al., 1992, Proc. 
Natl. Acad. Sci. USA, 89:12003-12007; Ebert et al., 1991, 
Biotechology (NY) 9:835-838). 
0070. In addition, a host cell strain may be chosen which 
modulates the expression of the inserted Sequences, or 
modifies and processes the gene product in the Specific 
fashion desired. Expression from certain promoters can be 
elevated in the presence of certain inducers; thus, expression 
of the genetically engineered O(2-3) trans-Sialidase, deriva 
tive or analog may be controlled. Furthermore, different host 
cells have characteristic and Specific mechanisms for the 
translational and post-translational processing and modifi 
cation (e.g., glycosylation, phosphorylation of proteins). 
Appropriate cell lines or host Systems can be chosen to 
ensure the desired modification and processing of the for 
eign protein expressed. For example, expression in a bac 
terial System can be used to produce an unglycosylated core 
protein product. Expression in yeast will produce a glyco 
Sylated product. Expression in mammalian cells can be used 
to ensure “native' glycosylation of a heterologous protein. 
Furthermore, different vector/host expression Systems may 
effect processing reactions to different extents. 
0071. The C.(2-3) trans-Sialidase-encoding nucleic acid 
Sequence can be mutated in Vitro or in Vivo, to create and/or 
destroy translation, initiation, and/or termination Sequences, 
or to create variations in coding regions. Any technique for 
mutagenesis known in the art can be used, including but not 
limited to, in vitro site-directed mutagenesis (Hutchinson et 
al., 1978, J. Biol. Chem. 253:6551), use of TAB(R) linkers 
(Pharmacia), etc. 
0.072 The experimentation involved in mutagenesis con 
Sists primarily of Site-directed mutagenesis followed by 
phenotypic testing of the altered gene product. Some of the 
more commonly employed site-directed mutagenesis proto 
cols take advantage of vectors that can provide Single 
stranded as well as double stranded DNA, as needed. 
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Generally, the mutagenesis protocol with Such vectorS is as 
follows. A mutagenic primer, i.e., a primer complementary 
to the Sequence to be changed, but consisting of one or a 
Small number of altered, added, or deleted bases, is Synthe 
sized. The primer is extended in vitro by a DNA polymerase 
and, after Some additional manipulations, the now double 
stranded DNA is transfected into bacterial cells. Next, by a 
variety of methods, the desired mutated DNA is identified, 
and the desired protein is purified from clones containing the 
mutated Sequence. For longer Sequences, additional cloning 
Steps are often required because long inserts (longer than 2 
kilobases) are unstable in those vectors. Protocols are known 
to one skilled in the art and kits for Site-directed mutagenesis 
are widely available from biotechnology Supply companies, 
for example from Amersham Life Science, Inc. (Arlington 
Heights, Ill.) and Stratagene Cloning Systems (La Jolla, 
Calif.). 
0073. In specific embodiments, the C.(2-3) trans-Sialidase 
derivative or analog used according to the method of the 
invention is generated by Site-directed mutagenesis of the 
DNA encoding a non-functional C(2-3) trans-Sialidase. In a 
Specific embodiment the codon encoding for the amino acid 
at position 342 (relative to Try' of Genbank L26499) is 
mutated to encode for a tyrosine residue. In the another 
Specific embodiment, a more active C(2-3) trans-Sialidase is 
generated by the Site-directed mutagenesis of DNA encoding 
a less active O(2-3) trans-Sialidase by mutating the codon 
encoding for the amino acid at position 231 of the leSS active 
C (2-3) trans-Sialidase (relative to Pro' of Genbank 
L26499) to encode a proline residue. 
0074. In other specific embodiments, the C.(2-3) trans 
Sialidase derivative or analog may be expressed as a fusion, 
or chimeric protein product (comprising the protein, frag 
ment, analog, or derivative joined via a peptide bond to a 
heterologous protein Sequence (of a different protein)). Such 
a chimeric product can be made by ligating the appropriate 
nucleic acid Sequences encoding the desired amino acid 
Sequences to each other by methods known in the art, in the 
proper coding frame, and expressing the chimeric product 
by methods commonly known in the art (see e.g., Section 
5.6). 
0075) 5.1.2. Chemical Synthesis of Trans-Sialidase 

0076. In addition, C.(2-3) trans-Sialidases, derivatives 
(including fragments and chimeric proteins), and analogs 
can be chemically Synthesized. See, e.g., Clark-Lewis et al., 
1991, Biochem. 30:3128-3135 and Merrifield, 1963, J. 
Amer. Chem. Soc. 85:2149-2156. For example, C.(2-3) 
trans-Sialidases, derivatives and analogs can be Synthesized 
by Solid phase techniques, cleaved from the resin, and 
purified by preparative high performance liquid chromatog 
raphy (e.g., see Creighton, 1983, Proteins, Structures and 
Molecular Principles, W. H. Freeman and Co., N.Y., pp. 
50-60). C.(2-3) trans-Sialidases, and derivatives and analogs 
thereof can also be Synthesized by use of a peptide Synthe 
sizer. The composition of the Synthetic peptides may be 
confirmed by amino acid analysis or sequencing (e.g., the 
Edman degradation procedure, See Creighton, 1983, Pro 
teins, Structures and Molecular Principles, W.H. Freeman 
and Co., N.Y., pp. 34-49). Furthermore, if desired, nonclas 
Sical amino acids or chemical amino acid analogs can be 
introduced as a substitution or addition into the C(2-3) 
trans-Sialidase, derivative or analog. Non-classical amino 



US 2004/0185.146 A1 

acids include but are not limited to the D-isomers of the 
common amino acids, 2,4-diaminobutyric acid, C-amino 
isobutyric acid, 4-aminobutyric acid, Abu, 2-aminobutyric 
acid, Y-Abu, e-AhX, 6-amino hexanoic acid, Aib, 2-amino 
isobutyric acid, 3-amino propionic acid, Ornithine, norleu 
cine, norvaline, hydroxyproline, Sarcosine, citrulline, 
homocitrulline, cysteic acid, t-butylglycine, t-butylalanine, 
phenylglycine, cyclohexylalanine, B-alanine, fluoro-amino 
acids, designer amino acids Such as B-methyl amino acids, 
Co-methylamino acids, NC.-methyl amino acids, and amino 
acid analogs in general. Furthermore, the amino acid can be 
D (dextrorotary) or L (levorotary). 
0.077 By way of example, but not by way of limitation, 
proteins (including peptides) of the invention can be chemi 
cally synthesized and purified as follows: C(2-3) trans 
Sialidases, derivatives and analogs can be Synthesized by 
employing the N-C-9-fluorenylmethyloxycarbonyl or Fmoc 
Solid phase peptide Synthesis chemistry using a Rainin 
Symphony Multiplex Peptide Synthesizer. The standard 
cycle used for coupling of an amino acid to the peptide-resin 
growing chain generally includes: (1) washing the peptide 
resin three times for 30 seconds with N,N-dimethylforma 
mide (DMF); (2) removing the Fmoc protective group on the 
amino terminus by deprotection with 20% piperdine in DMF 
by two washes for 15 minutes each, during which proceSS 
mixing is effected by bubbling nitrogen through the reaction 
vessel for one Second every 10 Seconds to prevent peptide 
resin Settling; (3) washing the peptide-resin three times for 
30 seconds with DMF; (4) coupling the amino acid to the 
peptide resin by addition of equal volumes of a 250 mM 
Solution of the Fmoc derivative of the appropriate amino 
acid and an activator mix consisting or 400 mM N-methyl 
morpholine and 250 mM (2-(1H-benzotriazol-1-4))-1,1,3,3- 
tetramethyluronium hexafluorophosphate (HBTU) in DMF; 
(5) allowing the solution to mix for 45 minutes; and (6) 
Washing the peptide-resin three times for 30 Seconds of 
DMF. This cycle can be repeated as necessary with the 
appropriate amino acids in Sequence to produce the desired 
polypeptide. Exceptions to this cycle program are amino 
acid couplings predicted to be difficult by nature of their 
hydrophobicity or predicted inclusion within a helical for 
mation during Synthesis. For these situations, the above 
cycle can be modified by repeating Step 4 a Second time 
immediately upon completion of the first 45 minute coupling 
step to “double couple” the amino acid of interest. Addi 
tionally, in the first coupling Step in polypeptide Synthesis, 
the resin can be allowed to Swell for more efficient coupling 
by increasing the time of mixing in the initial DMF washes 
to three 15 minute washes rather than three 30 second 
washes. After polypeptide Synthesis, the peptide can be 
cleaved from the resin as follows: (1) washing the polypep 
tide-resin three times for 30 seconds with DMF; (2) remov 
ing the Fmoc protective group on the amino terminus by 
washing two times for 15 minutes in 20% piperdine in DMF; 
(3) washing the polypeptide-resin three times for 30 Seconds 
with DMF, and (4) mixing a cleavage cocktail consisting of 
95% trifluoroacetic acid (TFA), 2.4% water, 2.4% phenol, 
and 0.2% triisopropysilane with the polypeptide-resin for 
two hours, then filtering the peptide in the cleavage cocktail 
away from the resin, and precipitating the peptide out of 
solution by addition of two volumes of ethyl ether. To isolate 
the polypeptide, the ether-peptide Solution can be allowed to 
sit at -20°C. for 20 minutes, then centrifuged at 6,000xG for 
5 minutes to pellet the polypeptide, and the polypeptide can 
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be washed three times with ethyl ether to remove residual 
cleavage cocktail ingredients. The final polypeptide product 
can be purified by reversed phase high pressure liquid 
chromatography (RP-HPLC) with the primary solvent con 
sisting of 0.1% TFA and the eluting buffer consisting of 80% 
acetonitrile and 0.1% TFA. The purified polypeptide can 
then be lyophilized to a powder. 

0078 5.2. Assays for C.(2-3) Trans-Sialidase Activity 

0079 The invention is based in part on the discovery that 
the addition of C (2-3) trans-Sialidase to a dairy Source in 
Sufficient quantities to catalyze the transfer of Sialic acids 
from the Sialyloligosaccharide population of the dairy Source 
will favor the Sialylation of lactose due to the high concen 
tration of lactose in dairy sources. Thus, the ability of C.(2-3) 
trans-Sialidases, and derivatives and analogs thereof to cata 
lyze the transfer of Sialic acid from an O(2-3) Sialyloligosac 
charide donor Source to an oligosaccharide acceptor having 
a 3-galactose moiety at its non-reducing terminus is indica 
tive of the usefulness of these proteins-, derivatives, and 
analogs in producing Sialyloligosaccharides in a dairy Source 
or cheese processing waste Stream according to the methods 
of the present invention. 

0080. The trans-Sialidases that may be used according to 
the methods of the invention encompass all protein 
Sequences with functional C.(2-3) trans-Sialidase activity. 
The C.(2-3) trans-Sialidases, therefore, are defined by cata 
lytic activity in which the C.(2-3) trans-Sialidase directs the 
transfer of a Sialic acid from one Saccharide containing 
molecule (e.g., oligosaccharide, polysaccharide, glycopro 
tein, or glycolipid) to another. ASSays for C (2-3) trans 
Sialidase activity are well known in the art and may be 
applied according to the present invention, both to identify 
C (2-3) trans-Sialidases, derivatives and analogs demonstrat 
ing the requisite catalytic activity, and also for optimization 
of reaction parameters (e.g. concentration, temperature, pH 
and incubation time) for incubating the C.(2-3) trans-Siali 
dase, derivative, or analog with the dairy Source or cheese 
processing waste Stream. 

0081. In one embodiment, C.(2-3) trans-Sialidase activity 
is measured using the method described in Vandekerckhove, 
et al. 1992, Glycobiology 2:541-548. Briefly, C.(2-3) trans 
sialidase is incubated in 20 mM Hepes buffer (Sigma 
H-3375) at pH=7.2 in the presence of C(2-3) sialyllactose 
and D-glucose-1-"Clactose (60 mCi/mmol)(Amersham, 
Arlington Heights, Ill.). Reactions are stopped by the addi 
tion of 20 ul ethanol. The resulting compounds are analyzed 
by thin layer chromatography (TLC) on silica gel plates (EM 
Science, HPTLC Fertigplatten Kieselgel 60F254, 10x10 
cm) and chromatographed in ethanol-n-butanol-pyridine 
water-acetic acid 100:10:10:30:3 (v/v)). Sialic acid-con 
taining molecules are visualized by resorcinol Staining 
against Neu5Ac, MU-Neu5Ac, C.(2-3) sialyllactose and C.(2- 
6) Sialyllactose standards. 

0082) Other assays for O(2-3) trans-Sialidase activity are 
known in the art and may be used according to the present 
invention to assess for and/or to optimize C.(2-3) trans 
Sialidase activity. Further, assays for glycosyltransferase 
activity known in the art may also be routinely modified So 
as to test for and/or optimize C.(2-3) trans-Sialidase activity. 
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0083) 5.3. Enrichment of C.(2-3) Sialyloligosaccharides 
Including C(2-3)Sialyllactose 
0084. The invention provides methods for producing 
Sialyloligosaccharides, particularly O(2-3) Sialyllactose, in a 
dairy Source or in a cheese processing waste Stream. 
0085. In one embodiment, the present invention provides 
a method for producing Sialyloligosaccharides in a dairy 
Source. This method comprises contacting a catalytic 
amount of at least one C(2-3) trans-Sialidase with a dairy 
Source to form a dairy/trans-Sialidase mixture, and incubat 
ing the dairy/trans-Sialidase mixture under conditions Suit 
able for C.(2-3) trans-Sialidase activity. 
0.086. In another embodiment, the present invention pro 
vides a method for producing Sialyloligosaccharides in a 
cheese processing waste Stream. This method comprises 
contacting a catalytic amount of at least one C (2-3) trans 
Sialidase with a cheese processing waste Stream to form a 
waste Stream/trans-Sialidase mixture and incubating the 
waste Stream/trans-Sialidase mixture under conditions Suit 
able for C.(2-3) trans-Sialidase activity. 
0087. In an additional embodiment of the present inven 
tion, Sialyloligosaccharides are produced and recovered 
from a dairy Source by a method comprising contacting a 
catalytic amount of at least one C (2-3) trans-Sialidase with 
a dairy Source to form a dairy/trans-Sialidase mixture, incu 
bating the dairy/trans-Sialidase mixture under conditions 
Suitable for C.(2-3) trans-Sialidase activity, and recovering 
the Sialyloligosaccharides from the incubated dairy/trans 
Sialidase mixture. 

0088. The present invention also provides a method for 
producing Sialyloligosaccharides in a dairy Source which is 
Subsequently processed for cheese manufacture, followed by 
recovery of the Sialyloligosaccharides from the cheese pro 
cessing waste Stream. When Sialyloligosaccharides are pro 
duced in a dairy Source, processed for cheese manufacture 
and recovered from the cheese processing waste Stream by 
the method of the present invention, the method comprises 
contacting a catalytic amount of at least one C (2-3) trans 
Sialidase with a dairy Source to form a dairy/trans-Sialidase 
mixture, incubating the dairy/trans-Sialidase mixture under 
conditions Suitable for C.(2-3) trans-Sialidase activity, pro 
cessing the incubated dairy/trans-Sialidase mixture using 
any known protocol for the manufacture of cheeses, and 
recovering the Sialyloligosaccharides from the cheese pro 
cessing waste Stream derived from the incubated dairy/trans 
Sialidase mixture. 

0089. In another embodiment of the present invention, 
Sialyloligosaccharides are produced in and recovered from 
cheese processing waste Streams by a method comprising 
contacting a catalytic amount of at least one C (2-3) trans 
Sialidase with a cheese processing waste Stream to form a 
waste Stream/trans-Sialidase mixture, incubating the waste 
Stream/trans-Sialidase mixture under conditions Suitable for 
C (2-3) trans-Sialidase activity, and recovering Sialyloli 
gosaccharides from the incubated waste Stream/trans-Siali 
dase mixture. 

0090. In each embodiment of the methods of the present 
invention, the C (2-3) trans-Sialidases encompass molecules 
with enzymatic activity wherein a Sialic acid is transferred 
from one Saccharide-containing molecule to another Saccha 
ride-containing molecule. The Saccharide-containing mol 
ecules may be oligosaccharides, polysaccharides, glycopro 
teins or glycolipids. The C(2-3) trans-Sialidases used 
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according to the methods of the present invention are further 
defined Supra in Sections 3.1 and 5.1. 
0091 The C(2-3) trans-Sialidase used according to the 
methods of the present invention may be a purified C.(2-3) 
trans-Sialidase, derivate or analog; a partially purified O(2-3) 
trans-Sialidase, derivative or analog, or a crude or filtered 
eukarytic or bacterial (e.g. E. coli) lysate containing C(2-3) 
trans-Sialidase activity. Optimal enzyme concentrations used 
according to the methods of the present invention may be 
routinely determined using techniques known in the art. In 
Specific embodiments, the concentration of C.(2-3) trans 
Sialidase used according to the methods of the invention is 
at least 0.001, 0.005, 0.01, 0.05, 0.075, 0.10 or 0.4 units/ml 
(wherein one unit is defined as the concentration of enzyme 
required to produce 1 fimol NAN-C (2-3)-Gal-B(1-4)- 
GlcNAc-B(1-3)-Gal-B(1-4)-Glc (LST-d)/min in a standard 
assay using C.(2-3)-Sialyllactose and Gal-B(1-4)-GlcNAc 
f3(1-3)-Gal-B(1-4)-Glc (lacto-N-neotetraose, LNnT) as Sub 
Strates). 
0092. The dairy sources used in the methods according to 
the present invention include, but are not limited to, milk, 
colostrum, a cheese processing mixture, or a composition 
Simulating milk. AS used herein, the phrase cheese proceSS 
ing mixture refers to a compilation of ingredients of dairy 
processing at any stage during dairy processing (e.g., cheese 
manufacture) other than the cheese processing waste Stream. 
A composition simulating milk is a Solution lacking one or 
more of CMP-Sialyltransferase, CMP-synthetase and/or free 
Sialic acid, but which contains at least C.(2-3) sialoSides to 
act as donors for the C.(2-3) trans-Sialidase, lactose and, 
optionally, appropriate buffering agents to maximize the 
activity of the O(2-3) trans-Sialidase when it is added to the 
Solution. Alternatively, a composition Simulating milk is a 
Solution containing at least C.(2-3) SialoSides to act as donors 
for the C(2-3) trans-Sialidase and lactose, and wherein the 
presence of free Sialic acid, CMP-Sialytransferase and/or 
CMP-synthetase is not required to drive the sialylation of 
lactose by C.(2-3) trans-Sialidase. A cheese processing waste 
Stream is the portion of cheese manufacturing not retained 
for cheese after formation of curd. The cheese processing 
waste Stream typically refers to the fluid drained from curd, 
which is frequently discarded. A cheese processing waste 
Stream of the present invention includes, but is not limited, 
to whole whey, demineralized whey permeate, the regen 
eration Stream from demineralized whey permeate, whey 
permeate, crystallized lactose, Spray dried lactose, whey 
powder, edible lactose, and lactose. 
0093. In each embodiment of the present invention, the 
C (2-3) trans-Sialidase is contacted with the dairy Source or 
cheese processing waste Stream and the resulting mixture 
may be agitated, Stirred, mixed, or Subjected to any other 
method of combining. Whether the O(2-3) trans-Sialidase is 
added to colostrum, milk, a cheese processing mixture, a 
composition Simulating milk, or to milk that has undergone 
Some processing, may dictate the amount of Stirring or 
mixing which may be required. While milk is relatively 
fluid, processed milk, Such as milk being processed for 
cheese, may become quite Viscous and require more agita 
tion, Stirring, mixing, or the like for efficient enzymatic 
activity to occur. Likewise, a cheese processing waste 
Stream may be a Viscous Solution and require Similar forms 
of agitation, Stirring, mixing, and the like, for efficient 
enzymatic activity. 
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0094 Conditions suitable for producing sialyloligosac 
charides, particularly C.(2-3) Sialyllactose, in a dairy Source 
or cheese processing waste Stream by the methods of the 
present invention, may be determined and optimized by 
routine techniques known in the art. In one embodiment, the 
dairy Source or cheese processing waste Stream is initially 
chilled to 2-20 C. 

0.095 The optimal time to incubate the dairy/trans-Siali 
dase mixture generated according to the present invention 
may be routinely determined by techniques known in the art. 
In Specific embodiments, the dairy/trans-Sialidase mixture is 
incubated for a period of at least 0.5, 1.0, 5.0 or 10.0 hours. 
In a preferred embodiment, the dairy/trans-Sialidase mixture 
is incubated for 12-30 hours. In a more preferred embodi 
ment, the dairy/trans-Sialidase mixture is incubated for 
20-25 hours. 

0096. The optimal temperature to incubate the dairy/ 
trans-Sialidase mixture generated according to the methods 
of the present invention may be routinely determined by 
techniques known in the art. In specific embodiments, the 
dairy/trans-Sialidase mixture is incubated at about 0-30 C. 
or 2-20 C. In preferred embodiments the dairy/trans-Siali 
dase mixture is incubated at 5-15 C. or 8-12 C. In 
embodiments where the dairy Source is a composition simu 
lating milk, the dairy/trans-Sialidase mixture may be incu 
bated at about 0-45 C., 10-45° C., or 20-40 C. 
0097. The optimal pH to incubate the dairy/trans-Siali 
dase mixture according to the present invention may be 
routinely determined by techniques known in the art. In 
Specific embodiments, the dairy/trans-Sialidase mixture is 
incubated at a pH of about pH 5-9, more preferably at about 
pH 6-8, and most preferably the pH is at about 7. 

0098. Further conditions to optimize the incubation of the 
dairy/trans-Sialidase mixture will be apparent to those 
skilled in the art and are within the Scope of the present 
invention. In a specific embodiment, the dairy/trans-Siali 
dase mixture may be agitated, Stirred, Shaken, mixed, or the 
like, to assist the even distribution of enzyme within the 
mixture. 

0099. In one embodiment of the invention, exogenous 
C (2-3) Sialyloligosaccharides are added to the dairy/trans 
Sialidase mixture. The Supplemented exogenous C.(2-3) Sia 
lyloligosaccharides may contain a single homogeneous O(2- 
3) Sialyloligosaccharide population, or alternatively, may 
consist of a mixture of different C (2-3) Sialyloligosaccha 
rides. O.(2-3) sialyloligosaccharide Supplemented during this 
incubation Step should be Selected So as to minimize poS 
Sible negative effects upon the taste, texture, appearance or 
quality of the dairy product (e.g., cheese). 
0100 Following incubation, the milk may be pasteurized 
by any method of pasteurization known in the art, including, 
but not limited to, HTST (High Temperature, Short Time 
Sterilizer/Pasteurizer) at 161 F. for 18 seconds and cooled 
to 80 F. Sialyloligosaccharides, including, but not limited 
to, C.(2-3) Sialyllactose, may be recovered from the incu 
bated dairy/trans-Sialidase mixture or from the pasteurized 
dairy/trans-Sialidase mixture by the methods described infra 
in Section 5.4. Where the dairy/trans-Sialidase mixture is to 
be used to manufacture cheese, the dairy/trans-Sialidase 
mixture is collected and processed for making cheese. 
Alternatively, milk may be pasteurized batchwise (rise and 
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drop of a whole batch to 160°F. is one protocol used) or by 
HTST pasteurizer/heat exchanger (quick rise to 160°F, hold 
for 2 minutes, quick chill to 80 F). Milk may also be 
sterilized by UHT (ultrahigh temperature sterilization) 
(quick rise to 270 F., hold for 6 seconds, quick chill to 80° 
F.). Depending on the Subsequent process, this method of 
Sterilization may use heat eXchange or clean Steam injection. 
In an alternative embodiment of the invention, the dairy 
Source is processed for cheese manufacture and the Sialylo 
ligosaccharides are recovered from the cheese processing 
waste stream by the methods described infra in Section 5.5. 
0101. In another embodiment of the invention, at least 
one C (2-3) trans-Sialidase is contacted with a cheese pro 
cessing waste Stream. 
0102) The optimal time to incubate the waste stream/ 
trans-Sialidase mixture according to this embodiment may 
be routinely determined by techniques known in the art. In 
Specific embodiments, the waste Stream/trans-Sialidase mix 
ture is incubated for a period of at least 0.5, 1.0, 5.0 or 10.0 
hours. In a preferred embodiment, the waste Stream/trans 
sialidase mixture is incubated for 5-45 hours. In a more 
preferred embodiment, the waste Stream/trans-Sialidase mix 
ture is incubated for 10-35 hours. 

0103) The optimal temperature to incubate the waste 
Stream/trans-Sialidase mixture according to the present 
invention may be routinely determined by techniques known 
in the art. In Specific embodiments, the waste Stream/trans 
sialidase mixture is incubated at about at 2-40 C., prefer 
ably 15-37° C., most preferably 22-27 C. 
0104. The optimal pH to incubate the dairy source/trans 
Sialidase mixture according to the present invention may be 
routinely determined by techniques known in the art. In 
Specific embodiments, the waste Stream/trans-Sialidase mix 
ture is incubated at a pH of about 4-9, more preferably at 
about pH 6-8, and most preferably the pH is at about pH 7. 
0105. Further conditions to optimize the incubation of the 
waste Stream/trans-Sialidase mixture will be apparent to 
those skilled in the art and are within the Scope of the present 
invention. In specific embodiments the waste Stream/trans 
Sialidase mixture may be agitated, Stirred, Shaken, mixed, or 
the like, to assist the even distribution of enzyme within the 
mixture. 

0106. In one embodiment of the invention, exogenous 
C (2-3) Sialyloligosaccharides are added to dairy Source/ 
trans-Sialidase mixture. The Supplemented exogenous O(2- 
3) Sialyloligosaccharides may contain a single homogeneous 
C (2-3) Sialyloligosaccharide population, or alternatively, 
may consist of a mixture of different C (2-3) Sialyloligosac 
charides. 

0107 Following incubation of the waste stream/trans 
Sialidase mixture, Sialyloligosaccharides, including, but not 
limited to C (2-3)sialyllactose may be recovered from the 
incubated waste Stream/trans-Sialidase mixture by the meth 
ods described infra in Section 5.4. 

0.108 5.4. Recovery of Sialyloligosaccharides 
0109 Sialyloligosaccharides produced according to the 
methods of the present invention may be recovered from the 
dairy Source before or during processing (e.g., pasteuriza 
tion, fermentation, and/or one or more of the other proceSS 
ing Steps involved in the manufacture of cheese or another 
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dairy product). Alternatively, Sialyloligosaccharides pro 
duced according to the methods of the present invention may 
be recovered after processing of the dairy Source (e.g. from 
a cheese processing waste stream). The Sialyloligosaccha 
rides produced according to the methods of the invention 
may be recovered using methods known in the art, includ 
ing, but not limited to, ultrafiltration, difiltration, electrodi 
alysis, ion exchange chromatography and phase partition 
chemistry. 

0110. In specific embodiments of the invention, C.(2-3) 
Sialyloligosaccharides produced according to the methods of 
the invention, are recovered from a cheese processing waste 
Stream (i.e., any waste Stream or byproduct generated during 
cheese making process). Whey containing Sialic acids, is a 
byproduct obtained when cheese or rennet casein is pro 
duced from milkS Such as cow milk, goat milk, and sheep 
milk. For example acid whey, is generated by Separating the 
Solids when skim milk is coagulated to form cottage cheese. 
Acid whey is characterized by a high lactic acid content. 
When cheese is prepared from whole milk, the remaining 
liquid is Sweet whey, which can be further processed by 
evaporation to form dry whey powder. Sweet whey can also 
be dried, demineralized and evaporated to form demineral 
ized whey permeate. Sweet whey can also be Subjected to 
ultrafiltration to generate both a whey permeate and a whey 
protein concentrate. Whey permeate can be further pro 
cessed by crystallizing lactose to form both lactose and a 
mother liquor. The mother liquor resulting from crystallizing 
lactose from a whey permeate is known in the art as "Delac.” 

0111 When C.(2-3) trans-Sialidase is contacted with a 
dairy Source before or during cheese manufacture and Sia 
lyloligosaccharides are recovered from a cheese processing 
waste Stream, Suitable cheese processing waste Streams 
include but are not limited to, whole whey, demineralized 
whey permeate, the regeneration Stream from demineralized 
whey permeate, whey permeate, crystallized lactose, Spray 
dried lactose, whey powder, edible lactose and lactose. 
Preferably the aqueous mother liquor material resulting from 
crystallizing lactose (i.e., Delac) is used. When C.(2-3) 
trans-Sialidase is contacted with a cheese processing waste 
Stream and Sialyloligosaccharides are thereafter recovered, 
Suitable cheese processing waste Streams include colostrum, 
milk, milk powder, whole whey, demineralized whey per 
meate, the regeneration Stream from demineralized whey 
permeate, whey permeate, and whey powder. 

0112 Fluid cheese whey is typically dried so as to 
produce a non-hygroscopic, highly dispersable powder. 
Fresh fluid whey is clarified by passing through a desludging 
type clarifier. The whey is separated to remove fat, then 
concentrated in double or triple effect evaporators to a Solids 
content of about 62% by weight. The solids can be removed 
by Separation at room temperature, or more preferably, the 
concentrated whey is cooled before the Solids are removed. 
0113. When the cheese processing waste stream to be 
processed is the Solids obtained from drying whey, the Solids 
can be first dissolved in water, preferably in an amount of 
about 1 to 620 g, preferably 50 to 200 g, more preferably 
about 100 g of Solids per Liter of water. Dissolution of the 
Solids obtained from drying cheese whey can be conducted 
at room temperature or at elevated temperatures to acceler 
ate the dissolution proceSS and increase the amount of 
dissolved solids. Preferably, temperatures of from 20-80 
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C. are Suitable. Alternatively, the Solids can be processed 
directly by extraction with a solvent. 
0114. In one embodiment of the invention, sialyloligosac 
charides produced according to the methods of the invention 
are recovered from a dairy Source or cheese processing 
waste Stream by a method comprising: adjusting the pH of 
the dairy Source or cheese processing waste Stream to form 
an acidic mixture, contacting this acidic mixture with a 
cation exchanger; and concentrating and desalting the elu 
ent. See e.g., Shimatani et al., U.S. Pat. No. 5,270,462, the 
contents of which are herein incorporated by reference 
herein in its entirety). 
0.115. In another embodiment of the invention, sialyloli 
gosaccharides produced according to the methods of the 
invention are recovered from a dairy Source or cheese 
processing waste Stream by a method comprising: Subjecting 
a dairy Source or cheese processing waste Stream to ultra 
filtration, fractionating at 20,000 to 500,000 Daltons at a pH 
of 4.0 to 6.0 to form a ultrafiltrate and subjecting he resulting 
ultrafiltrate to a second ultrafiltration, fractionating at 1,000 
to 10,000 Daltons at a pH of 6.0 to 8.0 under 0.2 to 2.0 MPa, 
to remove impurities Such as protein. See e.g., JP Kokai 
01-168,693, the contents of which are incorporated by 
reference in its entirety. 
0116. In another embodiment of the invention, sialyloli 
gosaccharides produced according to the methods of the 
invention are recovered from a dairy Source or cheese 
processing waste Stream by a method comprising: desalting 
the dairy Source or cheese processing waste Stream and 
passing the desalted Solution through an anion eXchange 
column. See e.g., JP Kokai 59-184,197 the contents of which 
are herein incorporated by reference in its entirety. 
0117 Other methods which may be used during the 
recovery of Sialyloligosaccharides produced according to 
the methods of the present invention include ultrafiltration 
(see e.g., U.S. Pat. No. 4,001,198 to Thomas and U.S. Pat. 
No. 4,202,909 to Pederson); concentration and addition of a 
divalent cation (see e.g., U.S. Pat. No. 4,547.386 to Cham 
bers et al.); separation and fermentation (see e.g., U.S. Pat. 
No. 4,617,861 to Armstrong); demineralization using an 
electrolytic cell (see e.g., U.S. Pat. No. 4,971,701 and 
4.855,056 to Harju et al.); separation on a bed of strongly 
acidic cation exchange resin (see e.g., U.S. Pat. No. 4,543, 
261 to Harmon et al.); electrodialysis or an ion exchange by 
a cation-exchange resin and a strongly basic anion-exchange 
resin, or electrodialysis and ion exchange by the cation 
eXchange resin and the Strongly basic anion-exchange resin 
to desalt the permeate (see e.g., U.S. Pat. No. 5,118,516 to 
Shimatani). The disclosures of each of the references cited 
in this paragraph are incorporated by reference in their 
entireties. 

0118. In a preferred embodiment, the sialyloligosaccha 
rides produced according to the methods of the invention are 
recovered from a dairy Source or cheese processing waste 
Stream utilizing an anion eXchange resin. According to this 
embodiment, the dairy Source or cheese processing waste 
Stream is optionally pretreated to remove positively charged 
materials using techniques known in the art (see e.g., DeWitt 
et al., 1986, Neth. Milk Dairy J. 40:41-56; and Ayers et al., 
1986, New Zealand J. Dairy Sci. & Tech. 21:21-35; JP Kokai 
52-151200 and 63-39545 and JP 2-104246 and 2-138295). 
0119) Suitable cation exchange resins may be prepared by 
conventional techniques known to those of ordinary skill in 
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the art. For example, a Suitable cation eXchange resin may be 
produced from a mixture of polymerizable monofunctional 
and polyfunctional monomer by radical emulsion polymer 
ization techniques, then functionalized with acidic groups 
Such as carboxylic acid groups or Sulfonic acid groups that 
exist in the protonated form. 
0120) The degree of crosslinking in the cation exchange 
resin can be chosen, depending on the operating conditions 
of the cation exchange column. A highly crosslinked resin 
offers the advantage of durability and a high degree of 
mechanical integrity, however Suffers from a decreased 
porosity and a drop off in mass-transfer. A low-crosslinked 
resin is more fragile and tends to Swell by absorption of 
mobile phase. A suitable resin may have from 2 to 12% 
crosslinking, preferably 8% crosslinking. 

0121 The particle size of the cation exchange resin is 
selected to allow for efficient flow of the dairy source or 
cheese processing waste Stream, while Still effectively 
removing the positively charged materials. A Suitable par 
ticle size for a column 30x18 cm is 100-200 mesh. 

0122) Suitable cation exchange resins include but are not 
limited to CM-Sephadex, SP-Sephadex, CM-Sepharose, 
S-Sepharose, CM-Cellulose, Cellulose Phosphate, Sulfoxy 
ethyl-Cellulose, Amberlite, DoweX-50W, Dowex HCR-S, 
Dowex Macroporous Resin, Duolit C433, SPTrisacryl Plus 
M, SP Trisacryl Plus-LS, Oxycellulose, AG 50W-X2, 
AG5OW-X4, AG5OW-X8, AG 50W-X12, AG 50W-X16, AG 
MP-50 Resin, Bio-Rex 70. More preferably suitable resins 
are DOWEXTM 50x8 (an aromatic sulfonic acid linked to 
a polystyrene crosslinked resin from Dow Chemical) and 
AMBERLYST TM-15, AMBERLITE TM IR-120 AND 
AMBERLITE TM-200 acidic resins. 

0123 The dairy Source or cheese processing waste stream 
can be contacted with the cation exchange resin, in any 
Suitable manner which would allow positively charged 
materials to be absorbed onto the cation eXchange resin. 
Preferably, the cation eXchange resin is loaded onto a 
column, and the dairy Source or cheese processing waste 
Stream is passed through the column, to remove the posi 
tively charged materials. An amount of cation exchange 
resin is Selected to affect removal of the positively charged 
materials, and will vary greatly depending on the dairy 
Source or cheese processing waste Stream being treated. 
Typically, if a whey permeate is being treated, the loading 
ratio of cheese processing waste Stream to cation exchange 
resin may be from 5 to 20, preferably from 8-15, more 
preferably from 9 to 12:1 V/v. 
0.124. When contacting is effected in a column, the dairy 
Source or -cheese processing waste Stream is preferably 
passed at a rate of from 1 to 70 cm/min, preferably from 2 
to 15 cm/min, more preferably at a rate of 4.6 cm/min. A 
suitable pressure may be selected to obtain the desired flow 
rate. Typically a pressure of from 0 to 100 PSIG is selected. 
Suitable flow rates may also be obtained by applying a 
negative pressure to the eluting end of the column, and 
collecting the eluent. A combination of both positive and 
negative pressure may also be used. 

0.125 The temperature used to contact the dairy source or 
cheese processing waste Stream with the cation exchange 
resin is not particularly limited, So long as the temperature 
is not too high to cause decomposition of the components of 
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the dairy Source or waste Stream. Generally ambient room 
temperature of from 17 C. to 25 C. is used. 
0.126 Alternatively, the positively charged materials can 
be removed by Such techniques as electrodialysis, ultrafil 
tration, reverse osmosis or Salt precipitation. 
0127. After the optional treatment of the dairy source or 
cheese processing waste Stream to remove the positively 
charged materials, the dairy Source or cheese processing 
waste Stream is contacted with an anion eXchange resin. 
0128 Suitable anion exchange resins may be prepared by 
conventional techniques known to those of ordinary skill in 
the art. For example, a Suitable anion exchange resin may be 
produced from a mixture of polymerizable monofunctional 
and polyfunctional monomer by radical emulsion polymer 
ization techniques, then functionalized with Strongly basic 
groupS Such as quaternary ammonium groups. 
0129. The degree of crosslinking in the anion exchange 
resin can be chosen, depending on the operating conditions 
of the anion exchange column. A Suitable resin may have 
from 2 to 12% crosslinking, preferably 8% crosslinking. 

0.130. The particle size of the anion exchange resin is 
selected to allow for efficient flow of the dairy source or 
cheese processing waste Stream, while Still effectively 
removing the negatively charged materials. A Suitable par 
ticle size for a column 30x18 cm is 100-200 mesh. 

0131 Suitable anion exchange resins include but are not 
limited to DEAE Sephadex, QAE Sephadex, DEAE 
Sepharose, Q Sepharose, DEAE Sephacel, DEAE Cellulose, 
Ecteola Cellulose, PEI Cellulose, QAE Cellulose, Amber 
lite, DoweX 1-X2, DoweX 1-X4, DoweX 1-X8, DoweX 2-X8, 
Dowex Macroporous Resins, DoweX WGR-2, DEAE 
Trisacryl Plus-M, DEAE Trisacryl Plus-LS, Amberlite 
LA-2, AG 1-X2, AG 1-X4, AG 1-X8, AG 2-X8, AG MP-1 
Resin, AG 4-X4, AG 3-X4, Bio-Rex 5 and ALIQUAT-336 
(tricaprylylmethylammonium chloride from Henkel Corp.). 
More preferably Suitable anion exchange resins are 
DOWEX TM 1x8 (a methylbenzyl ammonium linked to a 
polystyrene crosslinked resin from Dow Chemical) and 
AMBERLYSTE TM A-26, AMBERLITE TM IRA 400. 
AMBERLITE TM IRA400, AMBERLITE TMIRA416 and 
AMBERLITE TM IRA 910, strongly basic resins. 
0132) The dairy Source or cheese processing waste Stream 
can be contacted with the anion eXchange resin, in any 
Suitable manner which would allow the negatively charged 
materials to be absorbed onto the anion exchange resin. 
Preferably the anion exchange resin is loaded onto a column, 
and the dairy Source or cheese processing waste Stream is 
passed through the column, to absorb the negatively charged 
materials onto the resin. 

0.133 An amount of anion exchange resin is selected to 
affect absorption of the negatively charged materials and 
will vary greatly depending on the dairy Source or cheese 
processing waste Stream being treated. Typically, when the 
waste Stream is whey permeate, the loading ratio of cheese 
processing waste Stream to anion exchange resin is from 5 
to 200, preferably from 8-15, more preferably from 9 to 12:1 
V/V. When contacting is affected in a column, the dairy 
Source or cheese processing waste Stream is preferably 
passed at a rate for from 1 to 70 cm/min, preferably from 2 
to 15 cm/min, more preferably at a rate of 4.6 cm/min. 
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0134) A suitable pressure may be selected to obtain the 
desired flow rate. Typically a pressure of from 0 to 100 PSIG 
is selected. Suitable flow rates may also be obtained by 
applying a negative preSSure to the eluting end of the 
column, and collecting the eluent. A combination of both 
positive and negative pressure may also be used. The 
temperature used to contact the dairy Source-or cheese 
processing waste Stream with-the anion exchange resin is 
not particularly limited, So long as the temperature is not too 
high to cause decomposition of the components of the dairy 
Source or waste Stream. The pH of the whey stream may also 
be adjusted in addition to the temperature. Generally ambi 
ent room temperature of from 17 to 250C and a pH of from 
4 to 9 is used. 

0135 Upon contacting the eluent with the anion 
eXchange resin, the negatively charged components of the 
dairy Source or cheese processing waste Stream are absorbed 
onto the anion exchange resin. The materials absorbed onto 
the anion exchange resin are negatively charged materials 
from a dairy Source or cheese processing waste Stream, 
which includes but is not limited to Sialyloligosaccharides 
Such as C.(2-3) Sialyllactose C.(2-6) Sialyllactose and (2-6) 
Sialyllactosamine. 
0.136 The resulting liquid, after contacting with the anion 
eXchange resin, which contains primarily water and lactose 
may be dried and disposed of as animal feed, fertilizer or as 
a food Supplement. 
0.137 The anion exchange resin is then purged of the 
Sialyloligosaccharide by eluting with an aqueous Solution of 
a Suitable Salt Such as Sodium acetate, ammonium acetate, 
Sodium chloride, Sodium bicarbonate, Sodium formate, 
ammonium chloride or a lithium Salt Such as lithium acetate, 
lithium bicarbonate, lithium Sulfate, lithium formate, lithium 
perchlorate, lithium chloride and lithium bromide as an 
eluent. Purging an anion exchange resin with an aqueous Salt 
can be accomplished by conventional means known to those 
of ordinary skill in the art. The Sialyloligosaccharide can 
also be removed from the anion exchange resin with an 
aqueous alkali Solution, although, the concentration of the 
aqueous alkali must be dilute enough So as not to destroy the 
Structure of the Sialyloligosaccharide. Suitable desorbing 
conditions can be determined through routine experimenta 
tion. 

0.138. When eluted with an aqueous solution of lithium 
Salts, no desalting by reverse osmosis is necessary. The 
entire eluent can be concentrated and dried, then the remain 
ing Solids washed with an organic Solvent. The lithium Salts 
are dissolved and the lithium Salt of the Sialyloligosaccha 
ride remains as a Solid. Specifically the lithium Salts of 
C (2-3) Sialyllactose, C.(2-6) Sialyllactose and O(2-6) Sialyl 
lactosamine have been found to have very low organic 
solvent solubility. 
0.139. The lithium salts used in the eluent should be freely 
Soluble in water, and have a high Solubility in an organic 
Solvent. In the context of the present invention, a high 
Solubility in an organic Solvent is >1 gm of lithium Salt per 
mL of organic Solvent, preferably >5gm/mL, more prefer 
ably >10 gm/mL at the temperature the Solids are being 
washed. Suitable lithium salts which have been found to be 
freely Soluble in water and have a high Solubility in organic 
Solvents include, lithium acetate, lithium bicarbonate, 
lithium sulfate, lithium formate lithium perchlorate, lithium 
chloride and lithium bromide. 
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0140. The organic solvent used to wash the concentrated 
eluent should dissolve the eluting lithium Salt, yet have a low 
Solvating effect on the lithium Salt of a Sialyloligosaccharide. 
In the context of the present invention, a low Solvating effect 
on the lithium Salt of a Sialyloligosaccharide is when the 
solubility of the lithium salt of the sialyloligosaccharide is 
<0.5 gm per mL of organic solvent, preferably <0.25 
gm/mL, more preferably SO.1 gm/mL at the temperature the 
solids are being washed. Suitable solvents include but are 
not limited to acetone, methyl ethyl ketone, 3-pentanone, 
diethyl ether, t-butyl methyl ether, methanol, ethanol and a 
mixture thereof. 

0.141. The organic solvent preferably contains <0.1% wt., 
more preferably <0.01% wt. of water, most preferably the 
organic Solvent is anhydrous. The use of an organic Solvent 
containing high concentrations of water, results in dissolu 
tion of the lithium salts of the sialyloligosaccharide. The 
temperature of the organic Solvent is not particularly limited, 
however preferably the organic Solvent is at room tempera 
ture or below, more preferably 0-5 C. 
0142. Due to the high hygroscopicity of the lithium salts 
of the Sialyloligosaccharide, Washing of the Solids are con 
ducted under conventional conditions which are known to 
those of ordinary skill in the art, to limit the absorption of 
atmospheric moisture. For example Such washing can be 
conducted under an inert atmosphere, in a dry box or using 
a Schlenk-type apparatus. 

0143. When purging the anion exchange resin, with an 
eluent, a suitable purging solution is 50 mM. The pH of the 
eluent is preferably adjusted to be from 4 to 9, more 
preferably from 5 to 6. Generally from 2 to 5, preferably 4 
column volumes of purging Solution are used to remove the 
Sialyloligosaccharides from the anion exchange resin, pref 
erably performed at ambient temperature. Preferably, 
lithium acetate is used to purge the anion exchange resin of 
he Sialyloligosaccharides. 

0144. The sodium salt of the sialyloligosaccharide can be 
obtained by conventional ion-exchange techniques, known 
to those of ordinary skill in the art. 

0145 When an eluent other than a lithium salt is used to 
remove the Sialyloligosaccharides from the anion exchange 
resin, the eluent containing the Sialyloligosaccharides and 
the Salt, can be concentrated and desalted, Such as by 
Subjecting the eluent to reverse osmosis to remove the Salt 
from the Sialyloligosaccharide. Reverse osmosis can be 
conducted through a membrane with a 100 to 700 Dalton 
molecular weight cut off, preferably a 400 Dalton cut-off. 
0146 Reverse osmosis is preferably conducted at a pres 
sure of from 300-1,600 psi, more preferably from 400-600 
psi, even more preferably at a pressure of 450 psi. 

0.147. After the salts have been removed by reverse 
oSmosis, the resulting material can be concentrated to pro 
vide a Solid material containing Sialyloligosaccharides Such 
as C.(2-3) Sialyllactose and C.(2-6) Sialyllactose, which can 
be recrystallized from a mixture of water and organic 
Solvents. 

0.148 Preferably precipitation solvents are selected from 
the group of ethanol, acetone, methanol, isopropanol, diethyl 
ether, t-butyl methylether, ethyl acetate, hexane, tetrahydro 
furan and water. 
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0149. In addition, the eluent, from the anion exchange 
column, which contains a mixture of Sialyloligosaccharides 
which includes C(2-3) Sialyllactose, C(2-6) Sialyllactose and 
C (2-6) Sialyllactosamine, can be subjected to separation of 
the Sialyloligosaccharides contained therein, by column 
chromatography on a DOWEX 1x2 anion exchange resin, at 
pH 4 to 6 using a buffer a Suitable Salt Such as Sodium 
acetate, ammonium acetate or a lithium Salt Such as lithium 
acetate, lithium perchlorate, lithium chloride and lithium 
bromide as an eluent. A Solution of lithium acetate is 
preferred. 
0150 Suitable anion exchange resins may be prepared by 
conventional techniques known to those of ordinary skill in 
the art as previously described. 
0151. The degree of crosslinking in the anion exchange 
resin can be chosen, depending on the operating conditions 
of the anion exchange column. A Suitable resin may have 
from 2 to 12% crosslinking, preferably 2% crosslinking. 
0152 The particle size of the anion exchange resin is 
selected to allow for efficient flow of the dairy source or 
cheese processing waste Stream, while Still effectively 
affecting chromatographic Separation of the negatively 
charged materials. A Suitable particle size for a column 
20x100 cm is 200-400 mesh. 

0153 Suitable anion exchange resins include but are not 
limited to DEAE Sephadex, QAE Sephadex, DEAE 
Sepharose, Q Sepharose, DEAE Sephacel, DEAE Cellulose, 
Ecteola Cellulose, PEI Cellulose, QAE Cellulose, Amber 
lite, DoweX 1-X2, DoweX 1-X4, DoweX 1-X8, DoweX 2-X8, 
Dowex Macroporous Resins, DoweX WGR-2, DEAE 
Trisacryl Plus-M, DEAE Trisacryl Plus-LS, Amberlite 
LA-2, AG 1-X2, AG 1-X4, AG 1-X8, AG 2-X8, AG MP-1 
Resin, AG 4-X4, AG 3-X4, Bio-Rex 5 and ALIQUAT-336 
(tricaprylylmethylammonium chloride from Henkel Corp.). 
Preferred resins are DOWEX 1x2 (a tri-methylbenzyl 
ammonium linked to a polystyrene crosslinked resin from 
Dow Chemical) and AMBERLYST and AMBERLYTE 
basic resins. 

0154) The mixture of Sialyloligosaccharides to be sepa 
rated are Subjected to column chromatography on an anion 
eXchange resin. An amount of anion exchange resin is 
Selected to affect Separation of the different Sialyloligosac 
charides. Typically the loading ratio of Sialyloligosaccharide 
to anion exchange resin is from 0.1 to 5, preferably from 0.2 
to 4, more preferably 1 grams of material per liter of resin 
at a loading concentration of from 0 to 10 mM of salt. The 
chromatography is conducted at a rate of from 1 to 20 cm/h, 
preferably 0.4.6 cm/h Superficial velocity. A suitable pres 
sure may be selected to obtain the desired flow rate. Typi 
cally a pressure of from 0 to 22 PSIG is selected. Suitable 
flow rates may also be obtained by applying a negative 
preSSure to the eluting end of the column, and collecting the 
eluent. A combination of both positive and negative pressure 
may also be used. 
0.155) Any temperature may be used to contact the dairy 
Source or cheese processing waste Stream with the anion 
eXchange resin, So long as the temperature is not too high to 
cause decomposition of the components of the Sialyloli 
gosaccharides. Generally ambient room temperature of from 
170 to 25 C. is used. 

0156 When the buffer eluent is a lithium salt, the indi 
vidual Sialyloligosaccharides can be isolated by concentrat 
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ing the eluent to form a Solid and washing the lithium Salts 
away with an organic Solvent. Isolation of the lithium Salt of 
a Sialyloligosaccharide from a lithium Salt eluent is as 
previously described. 

O157 The sodium salt of the sialyloligosaccharide can be 
obtained by conventional ion-exchange techniques, known 
to those of ordinary skill in the art. 

0158 When the buffer eluent is not a lithium salt, the 
individual Sialyloligosaccharides can be isolated by reverse 
oSmosis techniques. 

0159. According to another embodiment of the present 
invention, a dairy Source or cheese processing waste Stream 
can be treated without using an ion-exchange column and 
without using reverse osmosis. 

0160 According to this embodiment, a dairy source or 
cheese processing waste Stream is contacted with a Solvent, 
wherein Sialyloligosaccharides are extracted. 

0.161 The sialyloligosaccharides which are extracted 
include but are not limited to C.(2-3) sialyllactose, C.(2-6) 
Sialyllactose and C (2-6) Sialyllactosamine. 

0162. A dairy Source or cheese processing waste Stream 
can be contacted with a Solvent in any Suitable manner to 
effectively extract, by Solubilization, Sialyloligosaccharides. 

0163 For example solid lactose, in powder form can be 
packed into a column, and a Solvent passed through the 
packed column. AS the Solvent passes through the column, 
the Sialyloligosaccharides are extracted from the Solid lac 
tose. To improve the Solubilization of Sialyloligosaccharide, 
the Solvent can be recirculated through the column, until an 
equilibrium concentration of Sialyloligosaccharide is 
obtained in the solvent. 

0164. To improve the solubilization of Sialyloligosaccha 
ride, the Solvent can be recirculated at elevated temperature, 
below the thermal decomposition point of the Sialyloligosac 
charides, preferably from 27 C. to 80 C., more preferably 
from 60° C. to 75 C., at ambient pressure. 

0.165 A dairy Source or cheese processing waste Stream, 
can also be contacted with a Solvent, as a Slurry or Suspen 
Sion of the dairy Source or cheese processing waste Stream 
in the Solvent. The dairy Source or cheese processing waste 
stream is mixed with the solvent, preferably in a 1:4 V/v 
ratio, more preferably 1:3 V/v. The slurry or suspension is 
then Stirred until the Sialyloligosaccharides are Solubilized in 
the solvent. 

0166 The ratio of dairy source or cheese processing 
waste Stream to Solvent is Selected So as to maximize the 
amount of recovered Sialyloligosaccharide and minimize the 
amount of solvent used. Due to the high solubility of 
Sialyloligosaccharides in the Solvent chosen, the amount of 
Solvent is typically much less than the Volume of dairy 
Source or cheese processing waste Stream. Accordingly 
when lactose is being processed, it is not necessary for the 
lactose to be completely dissolved. 

0.167 The suspension can be stirred at any temperature, 
below the thermal decomposition point of the Sialyloligosac 
charides, preferably from 4 C. to 80 C. more preferably 
from 4-27 C., at ambient pressure. 
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0168 Suitable solvent systems are, water, C1-5 alco 
hols, Such as methanol, ethanol, n-propanol, iso-propanol, 
n-butanol, iso-butanol, Sec-butanol, tert-butanol, tert-amyl 
alcohol and iso-amyl alcohol and a mixture thereof. The 
amount of water in the C1-5 alcohol solvent system will 
vary depending on the alcohol used. Preferably the solvent 
contains from 0-75% water (v/v), more preferably from 
20-70% water (v/v), more preferably from 44-66% water. A 
particularly preferred Solvent System is an aqueous ethanol 
solvent containing from 44-66% water. 
0169. When elevated temperature is used, it is preferred 
to remove the Solvent from the column, slurry or Suspension 
after the maximum concentration of Sialyloligosaccharide is 
reached, followed, by cooling of the Separated Solvent. Upon 
cooling of the Separated Solvent, Solubilized lactose will 
crystallize out and can be removed from the Solvent con 
taining the Sialyloligosaccharide, by conventional means 
Such as filtration, centrifugation and decanting. 
0170 An aqueous solution of lactose, such as the mother 
liquor obtained by crystallizing lactose, can also be treated 
with a solvent at elevated temperature, preferably from 60 
to 75° C., more preferably from 680 to 72° C., followed by 
cooling and precipitation of the lactose from Solution. Sepa 
ration of the precipitated lactose from the Solvent and 
concentration of the Solvent provides the Sialyloligosaccha 
ride. 

0171 The aqueous solution of lactose and the solvent are 
mixed in a ratio of about 1:3 V/V, preferably 1:2 V/v more 
preferably 1:1 V/v. A Suitable Solvent for treating an aqueous 
solution of lactose is a C1-5 alcohol. 
0172 The separated solvent, or column eluent can be 
concentrated to yield high purity Sialyloligosaccharide. This 
material can be further purified by recrystallization from 
aqueous ethanol and a Suitable organic Solvent, to remove 
lactose impurity. 
0173. In another embodiment to the column, slurry or 
Suspension treatment technique, a portion of the extraction 
Solvent can be removed and passed through an anion 
eXchange column and the Solvent returned to the System. In 
this fashion, the Sialyloligosaccharide can be concentrated 
on the anion exchange column. The Solvent to be passed 
through the anion eXchange resin can be removed continu 
ously or batch wise. 
0.174. Once the anion exchange column has been satu 
rated with Sialyloligosaccharide, the column can be removed 
from the System and purged to obtain Sialyloligosaccharide. 
A suitable purging solution is 120 mM LiOAc. Generally 
from 2 to 5, preferably 4 column Volumes of purging 
Solution are used to remove the negatively charged materials 
from the anion exchange resin, performed at ambient tem 
perature. Suitable anion eXchange resins, contacting condi 
tions and purging conditions have been previously described 
above. 

0175 Sialyloligosaccharides may also be extracted from 
whey waste Streams using Supercritical CO extraction tech 
niques, in a method analogous to the methods used to extract 
caffeine from coffee beans. A technique for the extraction of 
caffeine from coffee beans using moist Supercritical CO2 is 
described in U.S. Pat. Nos. 3,806,619 and 4,260,639. In 
general, the Supercritical CO2 extraction method comprises 
contacting lactose or an aqueous Solution of lactose with 
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Supercritical CO, under conditions to effect Solubilization 
of Sialyloligosaccharides by the Supercritical CO2. The 
Supercritical CO2, containing Sialyloligosaccharides is sepa 
rated from the lactose or aqueous Solution of lactose, then 
the CO2 is removed by evaporation, leaving behind the 
extracted Sialyloligosaccharides. 

0176 Whey containing sialic acids, is a byproduct 
obtained when cheese or rennet casein is produced from 
milkS Such as cow milk, goat milk and sheep milk. Due to 
the fat in dairy Sources and the Small amount of curd or fat 
often remains in milk whey, it is preferable that the fat 
content of these compositions generated according to the 
method of the invention be previously removed by a cream 
Separator or clarifier. In order for milk whey proteins Such as 
beta -lactoglobulin to be efficiently adsorbed to a cation 
eXchanger, the dairy Source or whey may be previously 
concentrated with an ultrafiltration device. Further, the airy 
Source or whey may be previously desalted with an electric 
dializer and/or an ion exchange resin. 
0177. The dairy source or whey is adjusted to a pH of 2-5 
before it is Subjected to the cation exchanger. AS materials 
for adjusting the pH, any kind of materials may be used. For 
example, they include an acid Such as hydrochloric acid, 
Sulfuric acid, acetic acid, tactic acid and citric acid alterna 
tively, acidified whey which has been desalted with the resin 
to have a pH of about 1-4, may be used for adjusting the pH, 
in order that the whey contains a high content of Sialic acids. 
In the dairy Source or whey which has been adjusted to a pH 
of 2-5, Sialic acids are negatively charged, while most part 
of dairy Source or whey protein is positively charged. When 
this dairy Source or whey is contacted with the cation 
eXchanger, dairy Source or whey protein is Selectively 
adsorbed to the cation exchanger and, as a result, Sialic acids 
are Selectively recovered as an exchanger-passed Solution. If 
the pH of the dairy source or whey is higher than 5, sialic 
acids and most part of dairy Source or whey protein are 
negatively charged. Therefore, the Separation is not efficient, 
although these two can be separated with an anion 
eXchanger utilizing difference in adsorption. If the pH of the 
dairy Source or whey is lower than 2, Sialic acids decompose 
and therefore the proceSS is not practical. 

0.178 The cation exchanger-passed solution obtained 
according to this embodiment may optionally be concen 
trated, desalted and/or dried using techniques known in the 
art. In addition, a mother liquor obtained after the 
eXchanger-passed Solution is concentrated and then crystal 
lized to remove lactose may be used as a material having a 
high content of Sialic acids. The concentration may be made 
by an evaporator. The crystallization may be made by 
cooling or by addition of a Seed crystal. 

0179. In order to obtain a much higher sialic acids 
content composition, it is preferable that the pH of the 
eXchanger-passed Solution and/or its mother liquor be 
adjusted before they are concentrated and/or desalted. The 
concentration may be made by evaporation or by ultrafil 
tration. The desalting may be made by electric dialysis, ion 
eXchange, ultrafiltration or diafiltration. The diafiltration is a 
technique for further increasing the protein content, wherein 
a liquid, which has been concentrated to Some extent, is 
ultrafiltrated while simultaneously water is added thereto 
and a passing Solution is withdrawn. When the exchanger 
passed Solution and/or its mother liquor is adjusted to a pH 
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of 4 or higher, the concentration may be made by ultrafil 
tration using an ultrafiltration membrane having a cutoff 
molecular weight of 2,000 approximately equal to 50,000 
Dalton. The concentration may be also made by the ultra 
filtration using an ultrafiltration membrane having a cutoff 
molecular weight of 10,000 at a pH of 4 or lower. In other 
words, kappa -casein glycomacropeptide (GMP) as a Sialic 
acid is present as a monomer at a pH of 4 or lower, while it 
asSociates into a multimonomer at a pH of above 4. AS 
materials for adjusting the pH, any kind of materials may be 
used. They include alkalis Such as Sodium hydroxide, potas 
sium hydroxide, calcium hydroxide, potassium carbonate, 
Sodium citrate, etc. 
0180. The concentrate thus obtained is a composition 
having a high content of Sialic acids Such as GMP, Inciden 
tally, alpha-lactalbumin, which is usually contained in milk 
whey together with Sialic acids, may be separated from Sialic 
acids, for example, by ultrafiltering the exchanger-passed 
Solution or its mother liquor at a pH of 4 or higher using an 
ultrafiltration membrane having a cutoff molecular weight of 
2,000 to 50,000 Dalton. 
0181 5.5. Transgenic Mammals 
Enriched for C(2-3) Sialyllactose 
0182 The O(2-3) sialyllactose content in milk may also 
be enriched by expressing C.(2-3) trans-Sialidase, deriva 
tives, and analogs (see Section 5.1) in transgenic mammals. 
In one embodiment, transgenic mammals of the invention 
comprise an O.(2-3) trans-Sialidase encoding Sequence that 
has been operably linked to a regulatory Sequence of a gene 
expressed in mammary tissue. Similarly, the invention pro 
vides for methods for enriching for C(2-3) sialyllactose in 
milk comprising the Steps of introducing a transgene com 
prising an O(2-3) trans-Sialidase encoding sequence oper 
ably linked to a regulatory Sequence of a gene expressed in 
mammary tissue into the germline of a mammal to produce 
a transgenic mammal; Selecting a transgenic mammal dem 
onstrating C.(2-3) trans-Sialidase activity; and obtaining milk 
from the Selected transgenic mammal. 

Producing Milk 

0183) The O(2-3) trans-Sialidase transgenes introduced 
into the transgenic animals of the invention comprise nucle 
otide sequences encoding C.(2-3) trans-Sialidase, derivatives 
or analogs (as described Supra in Section 5.1) operably 
linked to regulatory sequences (i.e., inducible and non 
inducible promoters, enhancers, operators and other ele 
ments which drive and/or regulate expression) of a gene 
expressed in mammary tissue. The nucleotide coding 
Sequence used to produce the transgenic animals of the 
invention may be regulated by any Suitable regulatory 
Sequences, but preferred are mammalian milk protein pro 
moter and/or regulatory nucleotide Sequences. Regulatory 
Sequences from milk-specific protein genes which may be 
used to drive expression of the target Sequence include, but 
are not limited to, promoters derived from: whey acidic 
protein, Blactoglobulin, C.-lactalbumin, CS1-casein, and 
B-casein. See e.g., Colman, A., 1996, Am. J. Clin. Nutr. 
63:639S-645S (citing Houdebine, 1994, J. Biotechnol. 
43:269-87). 
0184. Many nucleotide sequences of regulatory 
Sequences from genes expressed in mammary tissue are 
known (see e.g., Houdebine, 1994, J. Biotechnol. 43:269 
87). Alternatively, regulatory sequences contained in 
genomic nucleotide Sequences of genes known to be 
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expressed in mammary tissue may be identified using tech 
niques known in the art. For example, the genomic nucle 
otide Sequences located upstream of the coding Sequence of 
the gene expressed in mammary tissue can be cloned adja 
cent to a reporter gene, Such as, for example, a chloram 
phenicol acetyl transferase (CAT) gene. The genomic 
Sequence/reporter gene construct is then introduced into a 
mammal using techniques known in the art (See e.g., Section 
5.5.1) and the presence of regulatory sequences in the 
genomic Sequence/reporter gene construct is indicated by 
reporter gene activity, which is assayed using techniques 
known in the art. To more precisely define the regulatory 
elements, deletion mutants can be generated and tested for 
reporter gene activity. 

0185. The regulatory sequences of the O.(2-3) trans-Siali 
dase transgene may include the entire, or any portion of, the 
promoters, enhancers or their corresponding genes. For 
example, the C.(2-3) trans-Sialidase/regulatory sequence 
transgene construct of the invention may comprise the 
nucleotide coding Sequence for the entire mammalian milk 
protein, or any portion thereof, fused in the correct coding 
frame to the C.(2-3) trans-Sialidase encoding nucleotide 
Sequence. The expression of these chimeric constructs may 
be regulated by the regulatory Sequence of the mammalian 
milk gene component of the chimeric or alternatively, by the 
regulatory Sequence of another gene that is expressed in 
mammary tissue. 
0186. Additionally, the nucleotide regulatory sequences 
of the C.(2-3) trans-Sialidase transgene gene constructs, 
include but are not limited to, the entire, or any portion of the 
endogenous milk protein promoter of the founder animal 
into which the O(2-3) trans-Sialidase gene is being intro 
duced. 

0187 Regulatory nucleotide sequences may be obtained 
from mammalian milk protein genomic DNA using tech 
niques known in the art, including, but not limited to, PCR 
and hybridization Screening of genomic libraries, as further 
described in Section 5.1. For a review of techniques which 
may be used, see e.g., Sambrook et al., 1989, Molecular 
Cloning, A Laboratory Manual, 2nd Ed., Cold Spring Harbor 
Laboratory Press, NY). These techniques may additionally 
be applied to generate the C.(2-3) trans-Sialidase/regulatory 
transgene of the invention and to engineer chimeric gene 
constructs that utilize regulatory Sequences other than the 
mammalian milk protein regulatory Sequences. Additionally, 
methods which have been applied to construct transgenes 
that have Successfully expressed proteins in the milk of 
transgenic mammals may routinely be modified to generate 
the C.(2-3) trans-Sialidase transgenic mammals of the inven 
tion. See e.g., Wright et al., 1991, Biotechnology (NY) 
9:830-834; Carver et al., 1993, Biotechnology (NY) 
11:1263-1270; Clark et al., 1989, Biotechnology (NY) 
7:487-492); Velander et al., 1992, Proc. Natl. Acad. Sci. 
USA, 89:12003-12007; and Ebert et al., 1991, Biotechology 
(NY) 9:835-838, the contents of each of which is incorpo 
rated by reference herein in its entirety. 
0188 5.5.1. Production of Transgenic Animals 
0189 Mammals of any species, including but not limited 
to, sheep, goats, pigs and cows and non-human primates, 
e.g., baboons, monkeys, and chimpanzees, may be used to 
generate C.(2-3) trans-Sialidase transgenic animals of the 
invention. Any technique known in the art may be used to 
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introduce the transgene into animals to produce the founder 
lines of transgenic animals. Such techniques include, but are 
not limited to, pronuclear microinjection (Paterson et al., 
1994, Appl. Microbiol. Biotechnol. 40:691-698; Carver et 
al., 1993, Biotechnology (NY) 11:1263-1270; Wright et al., 
1991, Biotechnology (NY) 9:830-834; and Hoppe et al., 
1989, U.S. Pat. No. 4,873,191); retrovirus mediated gene 
transfer into germ lines (Van der Putten et al., 1985, Proc. 
Natl. Acad. Sci., USA 82, 6148-6152), blastocysts or 
embryos, gene targeting in embryonic stem cells (Thompson 
et al., 1989, Cell 56:313-321); electroporation of cells or 
embryos (Lo, 1983, Mol Cell. Biol. 3:1803-1814); introduc 
ing nucleic acid constructs into embryonic pleuripotent Stem 
cells and transferring the Stem cells back into the blastocyst; 
and Sperm-mediated gene transfer (Lavitrano et al., 1989, 
Cell 57.717-723); etc. For a review of such techniques, see 
Gordon, 1989, “Transgenic Animals.” Intl. Rev. Cytol. 115, 
171-229, which is incorporated by reference herein in its 
entirety. 
0190. Any technique known in the art may be used to 
produce transgenic clones containing a trans-Sialidase gene, 
for example, nuclear transfer into enucleated oocytes of 
nuclei from cultured embryonic, fetal, or adult cells induced 
to quiescence (Campell et al., 1996, Nature 380:64-66; 
Wilmut et al., 1997, Nature 385:810-813). 
0191 In addition, C.(2-3) trans-Sialidase transgene 
expression may be accomplished by removing mammary 
Secretory epithelium from the animals, transfecting the epi 
thelial cells with a transgenic construct, and reintroducing 
the transfected epithelial cells into the animal during the 
prepartum period So that the target gene is expressed in the 
Subsequent lactation period. See e.g., Bremel et al., 1989, J. 
Dairy Sci. 72:2826-2833. While this method has the disad 
vantage of providing transient expression of C.(2-3) Sialyl 
lactose, as the mammary Secretory epithelium is Sloughed 
off during the drying off period, this technology provides a 
method by which to accomplish the goal of enriching C(2-3) 
Sialyllactose concentrations in milk without the significant 
time investment of creating transgenic animals. 
0.192 Once the founder animals are produced, they may 
be bred, inbred, outbred, or crossbred to produce colonies of 
the particular animal. Examples of Such breeding Strategies 
include but are not limited to: outbreeding of founder 
animals with more than one integration site in order to 
establish Separate lines, inbreeding of Separate lines in order 
to produce compound transgenics that express the transgene 
at higher levels because of the effects of additive expression 
of each transgene, crossing of heterozygous transgenic ani 
mals to produce animals homozygous for a given integration 
Site in order to both augment expression and eliminate the 
need for Screening of animals by DNA analysis, crossing of 
Separate homozygous lines to produce compound heterozy 
gous or homozygous lines. 
0193 The present invention provides for transgenic ani 
mals that carry the transgene in all their cells, as well as 
animals which carry the transgene in Some, but not all their 
cells, i.e., mosaic animals. The transgene may be integrated 
as a Single transgene or in concatamers, e.g., head-to-head 
tandems or head-to-tail tandems. 

0194 5.5.2 screening of Transgenic Animals 
0.195 The transgenic animals that are produced in accor 
dance with the procedures detailed in Section 5.5.1 are 
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preferably Screened and evaluated to Select those animals 
which may be used as Suitable producers of milk containing 
enriched concentrations of C(2-3) Sialyllactose when com 
pared to non-transgenic animals. 

0196) Initial screening may be accomplished by Southern 
blot analysis or PCR techniques to analyze animal tissues to 
Verify that integration of the transgene has taken place. The 
level of mRNA expression of the transgene in the tissues of 
the transgenic animals may also be assessed using tech 
niques which include, but are not limited to, Northern blot 
analysis of tissue Samples obtained from the animal, in Situ 
hybridization analysis, and reverse transcriptase-PCR (rt 
PCR) and the like. 
0197) The transgenic animals that express C.(2-3) trans 
Sialidase protein (detected immunocytochemically, using 
antibodies directed against C.(2-3) trans-Sialidase) at easily 
detectable levels may serve as Suitable producers of milk 
containing enriched concentrations of C.(2-3) Sialyllactose. 
0198 5.5.3 c.(2-3) Sialyllactose Enrichment in the Milk 
of Transgenic Mammals 

0199 The invention provides for a method for enriching 
for C(2-3) Sialyllactose in milk comprising the Steps of 
introducing a transgene comprising an O.(2-3) trans-Sialidase 
encoding Sequence operably linked to a regulatory Sequence 
of a gene expressed in mammary tissue into the germline of 
a mammal to produce a transgenic mammal, Selecting a 
transgenic mammal demonstrating C.(2-3) trans-Sialidase 
activity; and obtaining milk from the Selected transgenic 
mammal. The C.(2-3) Sialyllactose produced according to 
this invention is also encompassed by the invention. 

0200 C.(2-3) sialyllactose enriched according to the 
method of the invention may be recovered using techniques 
known in the art as well as those described infra (see Section 
5.4). 
0201 In specific embodiments, the C.(2-3) sialyllactose is 
recovered from the milk of the Selected transgenic mammal 
prior to, during, or after processing of the milk. In a 
preferred embodiment the O.(2-3) sialyllactose is recovered 
from the milk of the Selected transgenic mammal after the 
milk has been Subjected to processing (e.g., a cheese pro 
cessing waste stream derived from this milk). The invention 
is further illustrated by reference to the following examples. 
It will be apparent to those of skill in the art that many 
modifications, both to materials and methods, may be prac 
ticed without departing from the purpose and Scope of this 
invention. 

EXAMPLE: ISOLATION AND CLONING OFA 

DNA SEQUENCE ENCODING c.(2-3) 
TRANS-SIALIDASE ACTIVITY 

0202) In this Example, a chimeric DNA sequence was 
cloned using the polymerase chain reaction (PCR) and 
TrypanoSoma Cruzi C.(2-3) trans-Sialidase DNA as template. 
Site directed mutagenesis was applied to alter this sequence 
to encode a tyrosine at position 342 in place of the histidine 
initially encoded at this position. The mutated Sequence was 
cloned into a pGEX expression plasmid, transformed into a 
host cell, and expressed as a glutathione-S-transferase fusion 
protein having C(2-3) trans-Sialidase activity. 
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0203 Two sets of oligonucleotide primers (e.g., PCR 
Primer Set #1 and PCR Primer Set #2) were synthesized for 
use in PCR to enzymatically amplify an O.(2-3) trans 
Sialidase encoding Sequence from T. Cruzi genomic DNA. 
0204 PCR Primer Set #1 was designed to amplify a 
region of he nucleic acid Sequence that encodes the amino 
terminal egion of the T. Cruzi trans-Sialidase that maintains 
the active domain for C(2-3) trans-Sialidase activity. In order 
to Subsequently directionally clone the amplified fragment, 
the 5'-primer was designed to include a recognition Sequence 
for an a unique restriction endonuclease (i.e., Xba I) at the 
5' end of the amplified fragment. The sequences of 5" primer 
and 3' primer of Set #1 were: 

ts1xba-5': 5'-TTTTCTAGAATGCTGGCACCCGGATCGAGC-3' 

ts1-3': 5'-CTGTGCGACAAAAAGCCAACAAGACCAACC-3' 

mut-5': 

mut-3': 

0205 PCR Primer Set #2 was designed to amplify a 
region of the nucleic acid Sequence that encodes the car 
boxyl-terminal region of the T. Cruzi C.(2-3) trans-Sialidase 
and which overlapped the fragment amplified by PCR 
Primer Set #1. The 3'-primer was designed to include a 
recognition Sequence for an another unique restriction endo 
nuclease (i.e., Xho I) at the 3' end of the amplified fragment. 
The sequences of 5" primer and 3' primer of Set #2 were: 

ts2-5': 5'-ACTGAACCTCTGGCTGACGGATAACCAGC-3' 

ts2xho-3': 5'-TTTCTCGAGTCAGGCACTCGTGTCGCTGCT-3' 

0206 PCR techniques known in the art were used to 
amplify DNA fragments generated using each of these 
primer Sets and T. Cruzi genomic DNA as template. 

0207. The DNA fragments generated from the PCR of the 
primers of Set #1 and the primers of Set #2 were joined to 
generate the full-length fragment of the C.(2-3) trans-Siali 
dase using the following procedure. The DNA fragment 
generated from the PCR of the primers of Set #1 was 
digested with the restriction endonucleases Xbal and Pst. 
The DNA fragment generated from the PCR of the primers 
of Set #2 was digested with XhoI and Pst. The Pst site was 
contained in a region that both PCR products had in com 
mon. The digestion of the PCR products generated “sticky 
ends” on the products. The Xbal site at the 5' end of the DNA 
fragment generated from the PCR of the primers of Set #1 
and the XhoI site at the 3' end of the DNA fragment 
generated from the PCR of the primers of Set #2 were 
designed to be used in the directional cloning of the entire 
Sequence into the appropriate expression plasmid. Both PCR 
products were then ligated together into Xba I/Xho I-di 
gested pCEX (Pharmacia, Piscataway, N.J.) plasmid which 
contains the same restriction endonuclease Sites in its 

Sep. 23, 2004 

polylinker region. The C.(2-3) trans-Sialidase nucleotide 
Sequence was directionally cloned in-frame of the pGEX 
fusion gene, glutathione-S-transferase. The trans-Sialidase 
PGEX construct was then transformed into host cells using 
techniques known in the art. 

0208 DNA Sequence analysis revealed that the proce 
dure described in this example resulted in the cloning of an 
C.(2-3) trans-Sialidase which contained a Tyr'->His muta 
tion and was thus inactive (hereinafter, this clone will be 
referred to as “pGEX-TS/His”). Therefore, a site directed 
mutagenesis protocol was followed which changed His'-> 
Tyr. 

ite-directed mutagenesis was accomplished usin 0209 Site-directed mutag plished 9. 
the following method. A set of oligonucleotide primers 
(“mut-5" and “mut-3") were designed to mutate His' to 
Tyr in order to generate an active trans-Sialidase. The 
Sequences of mut-5' and mut-3" were: 

5'-GGGCAAGTATCCATTGGTGATGAAAATTCCGCCTACAGCT-3' 

5'-TACAGCTTATCATCCTTGTACAGGACGGAGCTGTAGGCGG-3' 

0210. The mut-5' and mut-3' primers were used in con 
junction with the PCR primers from PCR Primer Sets #1 and 
#2 to amplify overlapping DNA fragments encoding the 
C (2-3) trans-Sialidase using pCEX-TS/His as a template. 
The primers were designed to amplify two fragments that 
overlapped by 65 nucleotides and to include PCR-directed 
mutations of the His' codon which would ultimately 
encode a Try'. The new overlapping fragments were 
gel-purified, and used in a PCR reaction as both primer and 
template. That is, the two fragments were mixed together, 
heat-denatured and allowed to re-anneal in a PCR primer 
free PCR reaction (which allows annealed fragments to be 
end-filled). The 5'-end primer from PCR Primer Set #1 and 
the 3'-end primer from PCR Primer Set #2 were then added 
to the mixture to amplify the full-length, mutated trans 
Sialidase-encoding fragment. The new fragment was then 
ligated into PGEX as described above and used to transform 
E. coli BL21 cells (hereinafter, this clone will be referred to 
as “pCEX-TS/Tyr”). 
0211 E. coli bearing pCEX-TS/Tyr were expressed and 
assayed for C.(2-3) trans-Sialidase activity using techniques 
known in the art. Clones expressing C.(2-3) trans-Sialidase 
activity were isolated and utilized in the lysate preparations 
utilized to generate the data presented in FIGS. 5-10 and 
Sections 5.7 and 5.8. (indebts with These) 
0212 5.6.1 Preparation of T. cruzi C.(2-3) Trans-Sialidase 
Lysates 
0213. A single colony of E. coli BL21 cells carrying 
pGEX-TS/Tyr was inoculated into 2 ml of LB medium 
(tryptone, yeast extract, NaCl) containing an appropriate 
antibiotic and the bacterial culture was incubated at 37 C. 
in a shaking incubator overnight. The next day, one liter of 
LB medium containing the appropriate antibiotic was inocu 
lated with 50 ul of the overnight bacterial culture, and the 
culture was incubated at 37 C. in a shaking incubator until 
the culture’s O.D.o.o.o. The bacteria in the 1L culture was 
induced to express the O(2-3) trans-Sialidase by the addition 
of isopropylthio-f-D-galactoside (IPTG) to a final concen 
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tration of 100 uM. The induced 1 L culture was then placed 
in a shaking incubator at 20 C. overnight. 
0214. The next day, the bacteria cells were collected by 
centrifugation, and a bacterial lysate was prepared using an 
APV Gaulin homogenizer. The homogenizer uses high pres 
sure (10,000 psi) to lyse the cells. Alternatively, a DynoMill, 
french preSS, N2 cavitation, douncer, freeze thawing or 
Similar tool may be used. 
0215. Alternatively, the C.(2-3) trans-Sialidase enzyme 
may be expressed using other methods known in the art, 
including, but not limited to, Secretory expression in E. coli, 
expression in fungi and expression in insect cells. 

EXAMPLE: ENRICHMENT AND SOLATION 
OF O(2-3) SIALYLLACTOSE IN MILKPRIOR 

TO CHEESE MANUFACTURING 

0216) In this Example, the addition of T. cruzi C.(2-3) 
trans-Sialidase to raw milk prior to the use of this milk in the 
manufacture of a rennet cheese, is demonstrated to result in 
an enrichment of C.(2-3) Sialyllactose. 
0217 5.7.1. Materials and Methods 
0218 Sixty-seven gallons of fresh, raw milk were col 
lected in 7 milk cans and chilled to 37 F. Twenty thousand 
units of C(2-3) trans-Sialidase were added to each milk can. 
One unit of C.(2-3) trans-Sialidase=1 umol NAN-C (2-3)-Gal 
C.(1-4)-GlcNAc-p(1-3)-Gal-B(1-4)-Glc (LST-d) produced/ 
min in the standard assay using C(2-3) sialyllactose and 
Gal-B(1-4)-GlcNAc-f(1-3)-Gal-B(1-4)-Glc (lacto-N-neotet 
raose, LNnT) as Substrates. In this particular Example, a 
filtered/frozen/thawed E. coli lysate containing 400 units/ml 
C (2-3) trans-Sialidase was used. The milk containing the 
C.(2-3) trans-Sialidase was incubated at 50 F. for 12 hours. 
Samples were collected from 2 of the milk cans at 0, 1, 2, 
3, and 11 hours of the incubation and analyzed for C(2-3) 
Sialyllactose. 

0219. After the 12 hour incubation, the milk was pas 
teurized by continuous HTST at 161 F. for 18 seconds and 
cooled to 80 F. according to standard procedure. See 
Kosikowski, Frank V., 1977, Cheese and Fermented Foods, 
2nd edition, Edwards Brothers Publishing, Ann Arbor, Mich. 
The milk was collected in a “double circle' vat and pro 
cessed for white cheddar cheese according to Standard 
procedure. 

0220 5.7.1.1 Cheese Making Protocol 
0221) At Time=0, ten grams of a 33 g freeze-dried lactic 
acid culture (EZALEZ100 5000#, Lot No. 93053A, Rhone 
Polenc) were added to the pasteurized milk and the tem 
perature was raised to 88 F. Three ounces of 0.02% CaCl 
(Rhone Polenc) were added. The culture was stirred con 
Stantly at 12 rpm and the temperature was held constant at 
88 F. for 1 hour. The acidity of the solution was 0.17. 
0222. At Time=1 hour and 15 minutes, milk coagulator 
was added. Two ounces of a 50,000 MCU/ml Chymax 
solution were added to the 480i of fermented milk (3 oz of 
the Chymax solution are recommended/1000 # (the Pfizer 
brand contains chymosin, NaCl and propylene glycol). The 
Solution was mixed for 30 seconds and then allowed to set 
for 30 minutes. During this stage, the milk was observed to 
have coagulated, forming a yogurt/Sour cream-like consis 
tency and the titratable acidity dropped to 0.10. 
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0223) At Time=1 hour and 45 min, the curd was cut into 
1 cm cubes using two knives over a period of 10 minutes. 
0224. At Time=1 hour and 55 minutes, the temperature 
was raised 2 F. every 5 minutes until the temperature 
reached 102 F. The temperature was then held at 102 F. 
with constant Stirring. After 30 minutes of cooking, the stir 
paddles were replaced with Stirring rakes and the whey was 
allowed to drain. Eight liters of whey were collected for 
analysis. The pH began to drop from the current 6.5 level, 
and the titratable acidity began to rise from 0.10. 
0225. At Time=6 hour and 20 minutes, the pH of the 
whey had dropped to 5.85. The acidity had risen to 0.285 and 
the pH of the whey had dropped to 5.85. While a lower pH 
and higher acidity (up to 0.6) are desired, it is believed that 
the use of an older freeze-dried lactic acid culture was the 
reason for the higher pH and lower acidity levels observed 
in this example. The curd was salted (1.25# of salt into 44+ 
of curd), stirred and then pressed overnight at room tem 
perature. The curd was stored at 50 F. for 6 months. 
0226 5.7.1.2 Sample Dry Weight Analysis 
0227 Five ml of either the milk or whey samples were 
placed in pre-weighed aluminum weighboats and placed in 
an 85 C. vacuum oven (<3 mmHg) overnight. The samples 
were then weighed and returned to the oven for an additional 
2 hours. The weighing proceSS was repeated every 2 hours 
until 2 consecutive, consistent readings were obtained. The 
net weight of the dried Sample was expressed in terms of % 
weight per volume of sample. The results are shown in Table 
1. 

0228) 5.7.1.3 c.(2-3) Trans-Sialidase Reaction 
0229. The milk and whey samples were frozen immedi 
ately upon collection. For analysis, frozen Samples were 
thawed quickly, boiled to coagulate the remaining protein 
and centrifuged at 10,000xg in a microcentrifuge for 10 
minutes. The Supernatant was collected and filtered through 
a 10,000 MW filter to separate the O(2-3) sialyllactose from 
the remaining higher molecular weight compounds as a 
preparation for high performance liquid chromatography 
(HPLC). The amount of C.(2-3) sialyllactose in the milk 
samples was quantified by HPLC and the values were 
expressed in terms of total dissolved Solids. 

0230) 5.7.2 Results 
0231. As demonstrated by the data presented in Table 1, 
the C (2-3) trans-Sialidase treatment resulted in a significant 
increase in a (2-3) sialyllactose within the first hour of 
inoculation. This level of activity most probably was main 
tained throughout the entire 11 hour incubation period. The 
fluctuation in C (2-3)sialyllactose levels after the first hour 
was attributed to the difficulty in obtaining homogenous 
Samples from the milk cans. Interestingly, a large increase in 
C (2-3) Sialyllactose concentration was observed in the whey 
after the curd dropped from the milk. The end result was 
C (2-3) trans-Sialidase treatment of milk prior to cheddar 
cheese production resulted in a 2 to 4 fold increase in C (2-3) 
Sialyllactose when compared to other whey samples the 
dairy source of which had not been previously treated with 
C.(2-3) trans-Sialidase. The addition of C.(2-3) trans-Sialidase 
to the raw milk did not have any untoward effect upon the 
taste or quality of the cheese generated using the C(2-3) 
trans-Sialidase treated milk. 
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Effect of C (2-3) trans-sialidase treatment of milk 
prior to cheddar cheese production 

C (2-3) % C (2-3) 
sialyllactose % sialyllactose 

Sample (ug/ml) Dry Weight per gram of solid 

Milk Time = 0 37 12.94 O.O2 
Milk Time = 1 hr 172 1O.O3 0.17 
MilkTime = 2 hr 160 11.52 O.14 
Milk Time = 11 hr 181 1155 O16 
Whey 255 8.91 O.29 
Whey 244 7.84 O31 
Whey 239 8.42 O.28 
Standard dry whey O.O6-0.13 

EXAMPLE: ENRICHMENT OF O(2-3) 
SIALYLLACTOSE IN DARY SOURCES AND 
CHEESE PROCESSING WASTE STREAMS 

0232 This Example investigates the enrichment of C.(2- 
3) Sialyllactose in dairy Sources and cheese processing waste 
Streams that have been contacted with bacterial lysates 
containing C(2-3) trans-Sialidase activity. Bacterial lysates 

SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 10 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 3183 base pairs 
(B) TYPE : nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

2O 
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were prepared as set forth infra in Section 5.6. Methods for 
producing and assaying for C.(2-3) Sialyllactose were essen 
tially as set forth infra in Section 5.3. 

0233. As shown in FIG. 5, the addition of C(2-3) trans 
Sialidase increased O(2-3) Sialyllactose concentrations over 
a incubation mixture pH range of 4.0-9.0. 

0234) Increased C.(2-3) sialyllactose concentrations of 
2-5 fold were observed in dairy Sources and cheese proceSS 
ing waste Streams tested including: mozzarella whey (see 
FIGS. 5 and 7A-7B); skim milk (see FIG. 6); Swiss cheese 
whey (see FIG. 8); and in a composition simulating milk 
(see FIG. 9). 
0235. The present invention is not to be limited in scope 
by the specific embodiments described which are intended 
as Single illustrations of individual aspects of the invention, 
and functionally equivalent methods and components are 
within the scope of the invention. Indeed, various modifi 
cations of the invention, in addition to those shown and 
described herein will become apparent to those skilled in the 
art from the foregoing description and accompanying draw 
ings. Such modifications are intended to fall within the Scope 
of the appended claims. 

ATGGGGAAAA CAGTCGTTGG GGCCAGTAGG ATGTTCTGGC TAATGTTTTT CGTGCCGCTT 60 

CTTCTTGCGC. TCTGCCCCAG CGAGCCCGCG CATGCCCTGG CACCCGGATC GAGCCGAGTT 120 

GAGCTGTTTA AGCGGCAAAG CTCGAAGGTG CCATTTGAAA AGGGCGGCAA AGTCACCGAG 18O 

CGGGTTGTCC ACTCGTCCG CCCCCCGCC CTTGTTAATG TGGACGGGGT GATGGTTGCC 240 

ATCGCGGACG CTCGCTACGA. AACATCCAAT GACAACTCCC. TCATTGATAC GGTGGCGAAG 3OO 

TACAGCGTGG ACGATGGGGA. GACGTGGGAG ACCCAAATTG CCATCAAGAA CAGTCGTGCA 360 

TCGTCTGTTT CTCGTGTGGT GGATCCCACA GTGATTGTGA AGGGCAACAA GCTTTACGTC 420 

CTGGTTGGAA GCTACAACAG TTCGAGGAGC TACTGGACGT CGCATGGTGA TGCGAGAGAC 480 

TGGGATATTC TGCTTGCCGT TGGTGAGGTC. ACGAAGTCCA CTGCGGGCGG CAAGATAACT 540 

GCGAGTATCA. AATGGGGGAG CCCCGTGTCA CTGAAGGAAT TTTTCCCGGC GGAAATGGAA 600 

GGAATGCACA CAAATCAATT TCTTGGCGGT, GCAGGTGTTG CCATTGTGGC GTCCAACGGG 660 

AATCTTGTGT ACCCTGTG.C.A. GGTTACGAAC AAAAAGAAGC AAGTTTTTTC CAAGATCTTC 720 
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-continued 

CCCTCAGCTC CCGGTGACAA CGGTGCCCAC AGTACGCCCT CGACTCCCGC TGACAACGGC 3060 

GCTAATGGTA CGGTTTTGA TTTGCACGA. GGCGCTGCA TCGGCCTT TTCGGGCGGA 312 O 

GGGCTTCTTT TGTGTGCGGG TGCTTTGCTG CTGCACGTGT TCGTTATGGC AGTTTTTTTC 318O 

TGA 31.83 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1060 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Gly Lys Thr Val Val Gly Ala Ser Arg Met Phe Trp Leu Met Phe 
1 5 10 15 

Phe Val Pro Leu Lleu Lieu Ala Lieu. Cys Pro Ser Glu Pro Ala His Ala 
2O 25 30 

Leu Ala Pro Gly Ser Ser Arg Val Glu Lieu Phe Lys Arg Glin Ser Ser 
35 40 45 

Lys Val Pro Phe Glu Lys Gly Gly Lys Val Thr Glu Arg Val Val His 
50 55 60 

Ser Phe Arg Leu Pro Ala Leu Val Asn Val Asp Gly Val Met Val Ala 
65 70 75 8O 

Ile Ala Asp Ala Arg Tyr Glu Thir Ser Asn Asp Asn. Ser Lieu. Ile Asp 
85 90 95 

Thr Val Ala Lys Tyr Ser Val Asp Asp Gly Glu Thir Trp Glu Thr Glin 
100 105 110 

Ile Ala Ile Lys Asn. Ser Arg Ala Ser Ser Val Ser Arg Val Val Asp 
115 120 125 

ro Thr Val Ile Val Lys Gly Asn Lys Leu Tyr Val Leu Val Gly Ser 
130 135 1 4 0 

Tyr Asn. Ser Ser Arg Ser Tyr Trp Thir Ser His Gly Asp Ala Arg Asp 
145 15 O 155 160 

Trp Asp Ile Leu Lleu Ala Val Gly Glu Val Thr Lys Ser Thr Ala Gly 
1.65 170 175 

Gly Lys Ile Thr Ala Ser Ile Lys Trp Gly Ser Pro Val Ser Lieu Lys 
18O 185 19 O 

Glu Phe Phe Pro Ala Glu Met Glu Gly Met His Thr Asn Glin Phe Leu 
195 200 2O5 

Gly Gly Ala Gly Val Ala Ile Val Ala Ser Asn Gly Asn Lieu Val Tyr 
210 215 220 

Pro Val Glin Val Thr Asn Lys Lys Lys Glin Val Phe Ser Lys Ile Phe 
225 230 235 240 

Tyr Ser Glu Asp Glu Gly Lys. Thir Trp Llys Phe Gly Glu Gly Arg Ser 
245 250 255 

Asp Phe Gly Cys Ser Glu Pro Wall Ala Leu Glu Trp Glu Gly Lys Lieu 
260 265 27 O 

Ile Ile Asn. Thir Arg Val Asp Tyr Arg Arg Arg Lieu Val Tyr Glu Ser 
275 280 285 

Ser Asp Met Gly Asn Ser Trp Val Glu Ala Val Gly Thr Leu Ser Arg 
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29 O 295 3OO 

Val Trp Gly Pro Ser Pro Lys Ser Asn Gln Pro Gly Ser Glin Ser Ser 
305 310 315 320 

Phe Thr Ala Val Thr Ile Glu Gly Met Arg Val Met Leu Phe Thr His 
325 330 335 

Pro Leu Asn. Phe Lys Gly Arg Trp Lieu Arg Asp Arg Lieu. Asn Lieu Trp 
340 345 35 O 

Lieu. Thir Asp Asin Glin Arg Ile Tyr Asn Val Gly Glin Val Ser Ile Gly 
355 360 365 

Asp Glu Asn. Ser Ala Tyr Ser Ser Val Lieu. Tyr Lys Asp Asp Llys Lieu 
370 375 38O 

Tyr Cys Leu. His Glu Ile Asn Ser Asn Glu Val Tyr Ser Leu Val Phe 
385 390 395 400 

Ala Arg Lieu Val Gly Glu Lieu Arg Ile Ile Lys Ser Val Lieu Glin Ser 
405 410 415 

Trp Lys Asn Trp Asp Ser His Leu Ser Ser Ile Cys Thr Pro Ala Asp 
420 425 43 O 

Pro Ala Ala Ser Ser Ser Glu Arg Gly Cys Gly Pro Ala Val Thr Thr 
435 4 40 4 45 

Val Gly Leu Val Gly Phe Leu Ser His Ser Ala Thr Lys Thr Glu Trp 
450 455 460 

Glu Asp Ala Tyr Arg Cys Val Asn Ala Ser Thr Ala Asn Ala Glu Arg 
465 470 475 480 

Val Pro Asn Gly Lieu Lys Phe Ala Gly Val Gly Gly Gly Ala Leu Trip 
485 490 495 

Pro Val Ser Glin Gln Gly Glin Asn Glin Arg Tyr His Phe Ala Asn His 
5 OO 505 51O. 

Ala Phe Thir Leu Wall Ala Ser Wall Thir Ile His Glu Wall Pro Ser Wall 
515 52O 525 

Ala Ser Pro Leu Lleu Gly Ala Ser Lieu. Asp Ser Ser Gly Gly Lys Lys 
530 535 540 

Leu Lieu Gly Lieu Ser Tyr Asp Glu Lys His Glin Trp Glin Pro Ile Tyr 
545 550 555 560 

Gly Ser Thr Pro Val Thr Pro Thr Gly Ser Trp Glu Met Gly Lys Arg 
565 570 575 

Tyr His Val Val Leu Thr Met Ala Asn Lys Ile Gly Ser Val Tyr Ile 
58O 585 59 O 

Asp Gly Glu Pro Leu Glu Gly Ser Gly Glin Thr Val Val Pro Asp Gly 
595 600 605 

Arg Thr Pro Asp Ile Ser His Phe Tyr Val Gly Gly Tyr Gly Arg Ser 
610 615 62O 

Asp Met Pro Thr Ile Ser His Val Thr Val Asn Asn Val Leu Leu Tyr 
625 630 635 640 

Asn Arg Glin Lieu. Asn Ala Glu Glu Ile Arg Thr Lieu Phe Leu Ser Glin 
645 650 655 

Asp Leu Ile Gly Thr Glu Ala His Met Gly Ser Ser Ser Gly Ser Ser 
660 665 67 O 

Ala His Ser Thr Pro Ser Thr Pro Ala Asp Asn Gly Ala His Ser Thr 
675 680 685 

Pro Ser Thr Pro Ala Asp Ser Ser Ala His Ser Thr Pro Ser Thr Pro 
69 O. 695 7 OO 
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Ala Asp Ser Ser Ala His Ser Thr Pro Ser Ala Pro Gly Asp Asn Gly 
705 710 715 720 

Ala His Ser Thr Pro Ser Thr Pro Gly Asp Ser Ser Ala His Ser Thr 
725 730 735 

Pro Ser Thr Pro Ala Asp Asn Gly Ala His Ser Thr Pro Ser Ala Pro 
740 745 750 

Ala Asp Ser Asn Ala His Ser Thr Pro Ser Thr Pro Ala Asp Asn Gly 
755 760 765 

Ala His Ser Thr Pro Ser Thr Pro Ala Asp Asn Gly Ala His Ser Thr 
770 775 78O 

Pro Ser Thr Pro Gly Asp Asn Gly Ala His Ser Thr Pro Ser Thr Pro 
785 790 795 8OO 

Gly Asp Ser Ser Ala His Ser Thr Pro Ser Thr Pro Ala Asp Asin Gly 
805 810 815 

Ala His Ser Thr Pro Ser Ala Pro Ala Asp Ser Asn Ala His Ser Thr 
820 825 83O 

Pro Ser Thr Pro Gly Asp Asn Gly Ala His Ser Thr Pro Ser Ala Pro 
835 840 845 

Ala Asp Ser Asn Ala His Ser Thr Pro Ser Thr Pro Ala Asp Ser Ser 
85 O 855 860 

Ala His Ser Thr Pro Ser Ala Pro Gly Asp Asn Gly Ala His Ser Thr 
865 870 875 88O 

Pro Ser Ala Pro Ala Asp Ser Ser Ala His Ser Thr Pro Ser Ala Pro 
885 890 895 

Gly Asp Asn Gly Ala His Ser Thr Pro Ser Ala Pro Ala Asp Asn Gly 
9 OO 905 910 

Ala His Ser Thr Pro Ser Ala Pro Gly Asp Ser Asn Ala His Ser Thr 
915 920 925 

Pro Ser Thr Pro Ala Asp Ser Ser Ala His Ser Thr Pro Ser Thr Pro 
930 935 940 

Ala Asp Ser Ser Ala His Ser Thr Pro Ser Ala Pro Gly Asp Asn Gly 
945 950 955 96.O 

Ala His Ser Thr Pro Ser Ala Pro Ala Asp Ser Ser Ala His Ser Thr 
965 970 975 

Pro Ser Ile Pro Gly Asp Ser Ser Ala His Ser Thr Pro Ser Ala Pro 
98O 985 99 O 

Ala Asp Ser Ser Ala His Ser Thr Pro Ser Ala Pro Gly Asp Asn Gly 
995 10 OO 1005 

Ala His Ser Thr Pro Ser Thr Pro Ala Asp Asn Gly Ala Asn Gly Thr 
1010 1015 1020 

Val Lieu. Ile Lieu. His Asp Gly Ala Ala Phe Ser Ala Phe Ser Gly Gly 
1025 1030 1035 1040 

Gly Lieu Lleu Lieu. Cys Ala Gly Ala Lieu Lleu Lieu. His Val Phe Wal Met 
1045 105 O 1055 

Ala Wall Phe Phe 
1060 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1929 base pairs 
(B) TYPE: nucleic acid 
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Met 

Ser 

His 

Ala 

Asp 
65 

Glin 

Asp 

Ser 

Asp 

Gly 
145 

Teu 

Phe 

Ser 
225 

Teu 

Ser 

Arg 

Ser 

His 
305 

Trp 

Gly 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 642 amino acids 
(B) TYPE: amino acid 
(C) 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

STRANDEDNESS: single 

Leu Ala Pro Gly Ser Ser Arg Val Glu Lieu 

Lys 

Ser 

Ile 
50 

Thr 

Ile 

Pro 

Trp 
130 

Gly 

Glu 

Gly 

Pro 

Tyr 
210 

Ala 

Ile 

Ser 

Wall 

Phe 
29 O 

Pro 

Telu 

Asp 

Wall 

Phe 
35 

Ala 

Wall 

Ala 

Thr 

Asn 
115 

Asp 

Lys 

Phe 

Gly 

Wall 
195 

Ser 

Phe 

Ile 

Asp 

Trp 
275 

Thr 

Telu 

Thr 

Glu 

5 

Pro Phe Glu 
2O 

Arg Lieu Pro 

Asp Ala Arg 

Ala Lys Tyr 
70 

Ile Lys Asn 
85 

Wall Ile Wall 
100 

Ser Ser Arg 

Ile Leu Lieu 

Ile Thr Ala 
15 O 

Phe Pro Ala 
1.65 

Ala Gly Val 
18O 

Glin Wall Thr 

Glu Asp Glu 

Gly Cys Ser 
230 

Asn Thr Arg 
245 

Met Gly Asn 
260 

Gly Pro Ser 

Ala Wall Thr 

Asin Phe Lys 
310 

Asp Asn Glin 
325 

Asn Ser Ala 
340 

Lys 

Ala 

Tyr 
55 

Ser 

Ser 

Ser 

Ala 
135 

Ser 

Glu 

Ala 

Asn 

Gly 
215 

Glu 

Wall 

Ser 

Pro 

Ile 
295 

Gly 

Arg 

Asp 

Telu 
40 

Glu 

Wall 

Gly 

Tyr 
120 

Wall 

Ile 

Met 

Ile 

Lys 
200 

Lys 

Pro 

Asp 

Trp 

Lys 
280 

Glu 

Ile 

Ser 

Gly 
25 

Wall 

Thr 

Asp 

Ala 

Asn 
105 

Trp 

Gly 

Lys 

Glu 

Wall 
185 

Lys 

Thr 

Wall 

Tyr 

Telu 
265 

Ser 

Gly 

Trp 

Tyr 

Ser 
345 

10 

Lys 

Asn 

Ser 

Asp 

Ser 
90 

Thr 

Glu 

Trp 

Gly 
170 

Ala 

Trp 

Ala 

Arg 
250 

Glu 

Asn 

Met 

Telu 

Asn 
330 

Wall 

Wall 

Wall 

Asn 

Gly 
75 

Ser 

Teu 

Ser 

Wall 

Gly 
155 

Met 

Ser 

Glin 

Teu 
235 

Arg 

Ala 

Glin 

Arg 

Arg 
315 

Wall 

Teu 

26 

-continued 

Phe 

Thr 

Asp 

Asp 
60 

Glu 

Wall 

His 

Thr 
1 4 0 

Ser 

His 

Asn 

Wall 

Phe 
220 

Glu 

Arg 

Wall 

Pro 

Wall 

Asp 

Gly 

Glu 

Gly 
45 

Asn 

Thr 

Ser 

Wall 

Gly 
125 

Pro 

Thr 

Gly 

Phe 

Gly 

Trp 

Teu 

Gly 

Gly 
285 

Met 

Arg 

Glin 

Arg 

Arg 
30 

Wall 

Ser 

Trp 

Arg 

Telu 
110 

Asp 

Ser 

Wall 

Asn 

Asn 
19 O 

Ser 

Glu 

Wall 

Thr 
27 O 

Ser 

Telu 

Telu 

Wall 

Asp 
35 O 

Glin 
15 

Wall 

Met 

Telu 

Glu 

Wall 
95 

Wall 

Ala 

Thr 

Ser 

Glin 
175 

Telu 

Gly 

Gly 

Tyr 
255 

Telu 

Glin 

Phe 

Asn 

Ser 
335 

Asp 

Ser 

Wall 

Wall 

Ile 

Thr 

Wall 

Gly 

Arg 

Ala 

Telu 
160 

Phe 

Wall 

Ile 

Arg 

Lys 
240 

Glu 

Ser 

Ser 

Thr 

Telu 
320 

Ile 

Sep. 23, 2004 
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Leu Tyr Cys Lieu. His Glu Ile Asn. Ser Asn. Glu Val Tyr Ser Lieu Val 
355 360 365 

Phe Ala Arg Lieu Val Gly Glu Lieu Arg Ile Ile Lys Ser Val Lieu Glin 
370 375 38O 

Ser Trp Lys Asn Trp Asp Ser His Leu Ser Ser Ile Cys Thr Pro Ala 
385 390 395 400 

Asp Pro Ala Ala Ser Ser Ser Glu Arg Gly Cys Gly Pro Ala Val Thr 
405 410 415 

Thr Val Gly Leu Val Gly Phe Leu Ser His Ser Ala Thr Lys Thr Glu 
420 425 43 O 

Trp Glu Asp Ala Tyr Arg Cys Val Asn Ala Ser Thr Ala Asn Ala Glu 
435 4 40 4 45 

Arg Val Pro Asn Gly Lieu Lys Phe Ala Gly Val Gly Gly Gly Ala Lieu 
450 455 460 

Trp Pro Val Ser Glin Glin Gly Glin Asn Glin Arg Tyr Arg Phe Ala Asn 
465 470 475 480 

His Ala Phe Thr Val Val Ala Ser Wall Thir Ile His Glu Wall Pro Ser 
485 490 495 

Val Ala Ser Pro Leu Lleu Gly Ala Ser Lieu. Asp Ser Ser Gly Gly Lys 
5 OO 505 51O. 

Lys Lieu Lieu Gly Lieu Ser Tyr Asp Glu Arg His Glin Trp Glin Pro Ile 
515 52O 525 

Tyr Gly Ser Thr Pro Val Thr Pro Thr Gly Ser Trp Glu Met Gly Lys 
530 535 540 

Arg Tyr His Val Val Leu Thir Met Ala Asn Lys Ile Gly Ser Glu Tyr 
545 550 555 560 

Ile Asp Gly Glu Pro Leu Glu Gly Ser Gly Glin Thr Val Val Pro Asp 
565 570 575 

Glu Arg Thr Pro Asp Ile Ser His Phe Tyr Val Gly Gly Tyr Lys Arg 
58O 585 59 O 

Ser Asp Met Pro Thr Ile Ser His Val Thr Val Asn Asn Val Leu Leu 
595 600 605 

Tyr Asn Arg Glin Lieu. Asn Ala Glu Glu Ile Arg Thr Lieu Phe Leu Ser 
610 615 62O 

Glin Asp Lieu. Ile Gly Thr Glu Ala His Met Asp Ser Ser Ser Asp Thr 
625 630 635 640 

Ser Ala 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: Other 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

TTTTCTAGAA TGCTGGCACC CGGATCGAGC 30 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
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(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: Other 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO : 

CTGTGCGACA AAAAGCCAAC AAGACCAACC 

(2) INFORMATION FOR SEQ ID NO: 7 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 29 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: Other 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO : 

ACTGAACCTC. TGGCTGACGG ATAACCAGC 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: Other 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO : 

TTTCTCGAGT CAGGCACTCG TGTCGCTGCT 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 40 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: Other 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 

GGGCAAGTAT CCATTGGTGA TGAAAATTCC GCCTACAGCT 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 40 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: Other 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO : 10: 

TACAGCTTAT CATCCTTGTA CAGGACGGAG CTGTAGGCGG 

28 

-continued 

30 

29 

30 

40 

40 
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What is claimed is: 
1. A method for producing Sialyloligosaccharides in a 

dairy Source comprising: 
(i) contacting a catalytic amount of at least one C.(2-3) 

trans-Sialidase with a dairy Source to form a dairy/trans 
Sialidase mixture; and 

(ii) incubating said dairy/trans-Sialidase mixture under 
conditions Suitable for C.(2-3) trans-Sialidase activity. 

2. The method of claim 1 further comprising recovering 
Sialyloligosaccharides from Said incubated dairy/trans-Siali 
dase mixture. 

3. The method of claim 1 further comprising the steps of: 
(iii) processing said dairy/trans-Sialidase mixture for 

cheesemaking to form a cheese processing waste 
Stream; and 

(iv) recovering Sialyloligosaccharides from Said cheese 
processing waste Stream. 

4. The method of claim 1 wherein the C.(2-3) trans 
Sialidase is a Kinetoplastid trans-Sialidase. 

5. The method of claim 1 wherein the C.(2-3) trans 
Sialidase is encoded by a gene isolated from a species of the 
genera Selected from the group consisting of Trypanosoma, 
Endotrypanum and Pneumocystis. 

6. The method of claim 1 wherein the C(2-3) trans 
Sialidase is recombinantly produced. 

7. The method of claim 1 wherein the dairy source 
comprises a member Selected from the group consisting of 
milk, colostrum, and cheese processing mixture. 

8. The method of claim 1 wherein the dairy source/trans 
Sialidase mixture is incubated for at least 1 hour. 

9. The method of claim 1 wherein the dairy source/trans 
Sialidase mixture is incubated at a temperature of about 5 C. 
to about 45° C. 

10. The method of claim 1 wherein the dairy source/trans 
sialidase mixture has a pH of about 6 to about 8. 

11. The method of claim 3 wherein the cheese processing 
waste Stream comprises a member Selected from the group 
consisting of whole whey, demineralized whey permeate, a 
regeneration Stream from demineralized whey permeate, 
whey permeate, crystallized lactose, Spray dried lactose, 
whey powder, edible lactose and lactose. 

12. The method of claim 2 wherein the recovering step 
comprises ultrafiltration of the incubated dairy Source/trans 
Sialidase mixture to form an ultrafiltrate. 

13. The method of claim 3 wherein the recovering step 
comprises ultrafiltration of the cheese processing waste 
Stream to form an ultrafiltrate. 

14. The method of claim 12 or 13 wherein the recovering 
Step further comprises contacting Said ultrafiltrate with an 
ion eXchange resin. 

15. The method of claim 14 wherein the ion exchange 
resin is an anion eXchange resin. 

16. The method of claim 14 wherein the ion exchange 
resin is a cation exchange resin. 

17. The method of claim 2 wherein the recovering step 
comprises: 

(a) contacting said incubated dairy Source/trans-Sialidase 
mixture of step (ii) with a Solvent and extracting 
Sialyloligosaccharides with Said Solvent to form a Sia 
lyloligosaccharide-containing Solvent; 
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(b) separating said Sialyloligosaccharide-containing Sol 
vent from Said incubated dairy Source/trans-Sialidase 
mixture, and 

(c) isolating said Sialyloligosaccharides from Said Sially 
loligosaccharide-containing Solvent. 

18. The method of claim 3 wherein the recovering step 
comprises: 

(a) contacting said cheese processing waste Stream with a 
Solvent and extracting Sialyloligosaccharides with Said 
Solvent to form a Sialyloligosaccharide-containing Sol 
Vent, 

(b) separating said Sialyloligosaccharide-containing Sol 
vent from Said cheese processing waste Stream; and 

(c) isolating said Sialyloligosaccharides from Said Sially 
loligosaccharide-containing Solvent. 

19. A method for producing Sialyloligosaccharides in a 
cheese processing waste Stream comprising: 

(i) contacting a catalytic amount of at least one C (2-3) 
trans-Sialidase with a cheese processing waste Stream to 
form a waste Stream/trans-Sialidase mixture; and 

(ii) incubating said waste Stream/trans-Sialidase mixture 
under conditions Suitable for O(2-3) trans-Sialidase 
activity. 

20. The method of claim 19 further comprising recovering 
Sialyloligosaccharides from Said incubated waste Stream/ 
trans-Sialidase mixture. 

21. The method of claim 19 wherein said C.(2-3) trans 
Sialidase is a Kinetoplastid trans-Sialidase. 

22. The method of claim 19 wherein said C.(2-3) trans 
Sialidase is encoded by a gene isolated from a species of the 
genus TrypanoSoma, Endotrypanum, or Pneumocystis. 

23. The method of claim 19 wherein said C.(2-3) trans 
Sialidase is recombinantly produced. 

24. The method of claim 19 wherein the waste stream/ 
trans-Sialidase mixture is incubated for at least 1 hour. 

25. The method of claim 19 wherein the waste stream/ 
trans-Sialidase mixture is incubated at a temperature of about 
5 C. to about 45° C. 

26. The method of claim 19 wherein the waste stream/ 
trans-Sialidase mixture has a pH of about 5 to about 8. 

27. The method of claim 19 wherein the cheese process 
ing waste Stream comprises a member Selected from the 
group consisting of whole whey, demineralized whey per 
meate, the regeneration Stream from demineralized whey 
permeate, whey permeate, and whey powder. 

28. The method of claim 20 wherein the recovering step 
comprises ultrafiltration of the incubated waste Stream/trans 
Sialidase mixture to form an ultrafiltrate. 

29. The method of claim 28 wherein the recovering step 
further comprises contacting Said ultrafiltrate with an ion 
eXchange resin. 

30. The method of claim 29 wherein the ion exchange 
resin is an anion eXchange resin. 

31. The method of claim 29 wherein the ion exchange 
resin is a cation eXchange resin. 

32. The method of claim 20 wherein the recovering step 
comprises: 

(a) contacting said incubated waste Stream/trans-Sialidase 
mixture of step (ii) with a Solvent and extracting said 
Sialyloligosaccharides with Said Solvent to form a Sia 
lyloligosaccharide-containing Solvent; 
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(b) separating said Sialyloligosaccharide-containing Sol 
vent from Said incubated waste Stream/trans-Sialidase 
mixture, and 

(c) isolating said Sialyloligosaccharides from said Sially 
loligosaccharide-containing Solvent. 

33. The method of claim or 17, 18 or 32 wherein said 
Solvent is Selected from the group consisting of water, 
C1-5 alcohol and a mixture thereof. 

34. The method of claim 3 or 19 wherein said cheese 
processing waste Stream is the mother liquor obtained by 
crystallizing lactose from cheese whey. 

35. The method of claim 1 or 19 wherein exogenous 
C (2-3) Sialyloligosaccharides are added during said incubat 
ing step. 

36. A method for producing C(2-3) Sialyllactose compris 
Ing: 

(i) contacting a catalytic amount of at least one C.(2-3) 
trans-Sialidase with lactose and an O.(2-3) Sialyloli 
gosaccharide, in the absence of CMP-Sialyltransferase, 
to form a mixture, and 

(ii) incubating Said mixture under conditions Suitable for 
C (2-3) trans-Sialidase activity. 

37. A transgenic mammal comprising an O(2-3) trans 
Sialidase encoding Sequence operably linked to a regulatory 
Sequence of a gene expressed in mammary tissue. 

38. The transgenic mammal of claim 37 wherein said 
regulatory Sequence is derived from a gene encoding a milk 
Specific protein. 

39. The method of claim 38 in wherein said regulatory 
Sequence is derived from a gene encoding a protein Selected 
from the group consisting of whey acidic protein, B-lacto 
globulin, C.-lactalbumin, CS1-casein and B-casein. 

40. The transgenic mammal of claim 37 wherein the 
C (2-3) trans-Sialidase encoding sequence encodes a kineto 
plastid trans-Sialidase. 
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41. The transgenic mammal of claim 37 wherein said 
C (2-3) trans-Sialidase encoding sequence hybridizes under 
high Stringency conditions to an O.(2-3) trans-Sialidase gene 
Selected from the group consisting of TrypanoSoma Cruzi, 
TrypanoSoma brucei, Endotrypanum spp. and Pneumocystis 
carinii. 

42. The transgenic mammal of claim 37 in which the 
transgenic mammal is a cow, sheep, pig or goat. 

43. A method for enriching for C.(2-3) sialyllactose in milk 
comprising: 

(i) introducing a transgene comprising an O.(2-3) trans 
Sialidase encoding Sequence operably linked to a regul 
latory Sequence of a gene expressed in mammary tissue 
into the germline of a mammal to produce a transgenic 
mammal, 

(ii) Selecting a transgenic mammal demonstrating C(2-3) 
trans-Sialidase activity; and 

(iii) obtaining milk from the Selected transgenic mammal. 
44. The method of claim 43 further comprising recovering 

C.(2-3) sialyllactose from said milk. 
45. An C.(2-3) sialyllactose formed by the process com 

prising contacting a catalytic amount of at least one C (2-3) 
trans-Sialidase with a dairy Source to form a dairy/trans 
Sialidase mixture; and incubating Said dairy/trans-Sialidase 
mixture under conditions Suitable for C.(2-3) trans-Sialidase 
activity. 

46. An C.(2-3) sialyllactose formed by the process com 
prising contacting a catalytic amount of at least one C (2-3) 
trans-Sialidase with a cheese processing waste Stream to 
form a waste Stream/trans-Sialidase mixture; and incubating 
Said waste Stream/trans-Sialidase mixture under conditions 
Suitable for C (2-3) trans-Sialidase activity. 

k k k k k 


