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PURIFIED PYRROLOOUINOLINE QUINONE 
FORTIFIED FOOD 

FIELD OF INVENTION 

0001. The present invention relates to a method and com 
position of anti-microbial growth in food products whereby 
prolonging shelflife of the food products, as well as methods 
of producing the same. 

BACKGROUND OF INVENTION 

0002 Food spoilage is a common problem in daily life. 
According to Food Science Australia and the national Cold 
Chain Center's estimation, 20 billion dollars are wasted glo 
bally each year due to spoilage of perishable foods during 
transportation and storage (Food Magazine, April 2006). 
0003. One of the major causes of food spoilage is growth 
of microorganisms in food products. Currently known micro 
organisms that cause food spoilage are fungi such as Geotri 
chum candidum, molds such as Aspergillus niger and Peni 
cillium expansum, various yeasts, spoilage bacteria Such as 
Alcaligenes faecalis, Bacillus Stearothermophilus, Lactoba 
cillus acidophilus and Pseudomonas fluorescens, pathogenic 
bacteria Such as Bacillus cereus, Staphylococcus aureus, List 
eria monocytogenes, Yersinia enterocolitica, Salmonella 
typhimurium, Salmonella hydelberg, Salmonella enteritidis, 
Escherichia coli O157:H7, Campylobacter jejuni, 
Clostridium botulinum, Clostridium perfiringens, Shigella 
Sonnei, Shigella dysenteriae, Shigella flexneri, Shigella boy 
dii, Vibrio cholera and Lysteria monocytogenes, and certain 
virus such as Norovirus and hepatitis virus. 
0004 People have been developing methods to prevent the 
growth of spoilage and pathogenic microorganisms in food 
products since the dawn of human history. A few well known 
examples of preserving perishable food products include: 
drying food including freeze drying beverages, salting food, 
Smoking food, fermenting food, refrigerating food, freezing 
food, pickling food in syrup, Sugar, oil, Vinegaroralcohol and 
adding preserving chemicals such as Sulfites, dehydroacetic 
acid, Sodium nitrite, ethyl formate, propionic acid, Sorbic 
acid, benzoic acid into food products. 
0005 New techniques to preserve food have been 
attempted and developed. For example, Nicolas Appert devel 
oped method of canning food in 1810. Louis Pasteur’s 
research in 1864 led to the method of pasteurization dairy 
products. Both methods are still commonly used in food 
industry nowadays. U.S. Pat. No. 6,955,893 claims a method 
for preventing spoilage of food with lytic enzyme encoded by 
bacteriophage, and U.S. Pat. No. 5,654,020 discloses another 
methodofusing Lactobacillus AS-1 for inhibiting food spoil 
age. 
0006 Another popular anti-spoilage method is irradiation, 
which is exposing food to ionizing radiation by either gamma 
rays from radioactive Cobalt-60 or Cesium-137, high energy 
electrons, or X-rays. Irradiation kills bacteria, molds and 
insect pests in the food, slows down the ripening and spoiling 
of fruits, and induces seed Sterility at higher doses. Irradiation 
becomes a major method used to prevent the growth of spoil 
age and pathogenic microorganisms in perishable food prod 
ucts after banning of methyl bromide fumigation in 2001. 
Food and Drug Administration (FDA) approved low-doses 
irradiation for wheat, wheat flour, and potatoes in the early 
1960s. FDA approved the use of irradiation to control Salmo 
nella and other harmful bacteria in chicken, turkey, and other 
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fresh and frozen uncooked poultry in May 1990. In December 
1997, FDA approved the use of irradiation to control patho 
gens in fresh and frozen red meats such as beef, lamb, and 
pork. 
0007. However, many food-preserving methods currently 
in use have their limitations. For example, nutritional value, 
density, texture and flavor of food may change if the food is 
dried, salted, Smoked, fermented, pickled in syrup, Sugar, oil, 
Vinegar, and alcohol, or food preserving chemicals is added to 
the food. Frozen food and refrigerated food have to be kept in 
low temperature all the time. Irradiation cannot be used for all 
foods. It causes undesirable flavor changes in dairy products. 
Pasteurization eliminates all pathogens, but not all spoilage 
organisms are killed, since food is subjected to a lower heat 
treatment. 
0008 Food-preserving methods can be gauged by shelf 
life of the food product, which is the longer the shelf life the 
better the food-preserving method. Shelflife of food products 
is the length of time that perishable food products are suitable 
for sale or consumption before their quality is compromised 
by certain factors such as microorganism growth. Usually a 
label of “best before”, “use by” or “freshness date” followed 
by a date is put on packaged perishable food products, indi 
cating their shelf life. 
0009 Prolonging the shelf life of food products is still an 
ongoing research Subject. A new technology for preserving 
food has to meet certain requirements and standards. The 
food has to maintain its nutritional quality, flavor and safety 
after the treatment. If synthetic preservers are added to the 
food, they should be safe for human consumption with no 
long term adversary effect. Consumers are concerned with 
synthetic food additives, as well as many antibiotics for their 
long term effect to general health. Obviously antibiotics can 
not be used as food addictives since their use will cause side 
effects Such as allergies and disruption of normal bacterial 
flora in human body, and their long term use lead to bacterial 
resistance. Usually antibiotics may have odor, bitter taste or 
unpleasant color, making them unsuitable for food additives. 
On the other hand, some food products are fortified with 
Vitamins and minerals, but those additives are not antimicro 
bials and have no effect to prolong the shelf life of the food 
products. Therefore there is a need to provide food additive 
that is natural, effectively antimicrobial and nutritional valu 
able. 

SUMMARY OF THE INVENTION 

0010. This invention provides food products fortified by 
purified Pyrroloquinoline quinone (PQQ) and methods of 
application and production of the same. In particular, and by 
way of example only, according to an embodiment, provided 
is a method of preserving a food product comprising admix 
ing an effective amount of purified PQQ or a compound 
containing purified PQQ derivatives with a foodstuff to pro 
vide an inhibiting means to microorganism growth in the food 
product. 
0011. In yet another embodiment, provided is a method of 
preparing purified PQQ comprising the steps of cultivating a 
strain of bacteria in a culture medium, inducing bacteria 
mutation to obtain mutant bacteria Strains, collecting Super 
natant of the culture medium, isolating PQQ from the super 
natant by chromatography, and purifying PQQ and crystal 
lizing PQQ. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0012 FIG. 1 shows the OD600 value as a function of PQQ 
concentration levels in Top 10 and amplicillin resistant 
(Ampk) E. coli bacterial cultures. 
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0013 FIG.2 shows the OD600 value as a function of PQQ 
concentration levels measured from PQQ fortified milk. 

DETAILED DESCRIPTION OF THE INVENTION 

0014 Pyrroloquinoline quinone (PQQ) was first isolated 
from bacteria in 1979. It is a tasteless, odorless chemical 
compound with a molecular formula: 

COOH 

00.15 POQ has been considered as an essential vitamin of 
Vitamin B group, and a new co-factor for reduction-oxidiza 
tion (redox) reaction after the discovery of redox co-factors 
nicotinamides and flavins (Nature. 2003 Apr. 24; 422 (6934): 
832). A cofactor is a non-protein chemical compound binding 
to an enzyme and is required for the enzyme’s function. The 
cofactor assists the enzyme in biochemical reactions. An 
enzyme without a cofactor is called anapoenzyme. Anapoen 
Zyme becomes a complete enzyme after a corresponding 
cofactor is bound to it, and the complete enzyme is called a 
holoenzyme. 
0016. In early days, only some bacteria (methylotrophic 
bacteria, pseudomonas acetobacter and some gluconobacter 
species) are known to synthesize PQQ. Now, plant and animal 
food sources containing this vitamin have been discovered. 
PQQ content is high in some food Such as parsley, papaya, 
kiwi, green tea, natto (fermented beans), tofu and green pep 
pers. It is interesting to note that human milk has very high 
concentration of PQQ (140-180 ng/mL), which is approxi 
mately 4 to 5 times higher than that in cow milk (Mitchell A 
E, et al. Analytical Biochemistry 1999; 269:317-325). 
0017 POQ plays important roles in physiological condi 
tions in many organisms. Degradation of essential amino acid 
lysine depends on PQQ. Lysine is oxidized to 2-aminoadipic 
6-semialdehyde (AAS) catalyzed by AAS synthetase 
(AASS), and then oxidized further to 2-aminoadipic acid by 
AAS dehydrogenase (AASDH). POQ acts as a redox cofactor 
for AASDH in this reaction. PQQ binds all PQQ-dependent 
enzymes (quinoproteins) in a non-covalent binding form. 
Many PQQ-dependent enzymes are bound to cell membrane, 
and PQQ acts as a cofactor for the enzymes, transferring 
electron during the biochemical reactions. Plenty of PQQ is 
found in mitochondria, in which it acts as a cofactor for 
nitricoxide synthetase and mitochondrial NADH-CoQ reduc 
tase. 

0018 Many enzymes that are key to several oxidation 
pathways such as alcohol oxidation, glucose oxidation, 
polyol oxidation and quinate oxidation rely on PQQ as their 
co-factor. PQQ-dependent enzymes can be categorized as 
Sugar and alcohol dehydrogenases including several alcohol 
dehydrogenases (ADHs) and NAD (P)-dependent alcohol 
dehydrogenase, reductase and oxidase. Up till now, PQQ 
dependent dehydrogenases discovered in alcohol oxidation 
are membrane-bound alcohol dehydrogenase, soluble alco 
holdehydrogenases, membrane-bound cyclic alcohol dehy 
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drogenase. POO-dependent dehydrogenases discovered in 
glucose oxidation are membrane-bound D-glucose dehydro 
genase (m-GDH), Soluble D-glucose dehydrogenase 
(s-GDH). POO-dependent dehydrogenases discovered in 
polyol oxidation are membrane-bound D-arabitol dehydro 
genase, membrane-bound meso-erythritol oxidation dehy 
drogenase, membrane-bound D-gluconate oxidizing polyol 
dehydrogenase, membrane-bound glycerol dehydrogenase, 
membrane-bound D-mannitol dehydrogenase, membrane 
bound ribitol dehydrogenase, membrane-bound D-sorbitol 
dehydrogenase, membrane-bound L-Sorbosone dehydroge 
nase, POQ-dependent dehydrogenases discovered in quinate 
oxidation is membrane-bound quinate dehydrogenase 
(QDH). In addition, aldehyde dehydrogenase is also PQQ 
dependent. 
0019 PQQ has been proved vital to mammal development 
and general health. Animals rely on their diet as the Source for 
their daily PQQ supply. Mice fed chemically defined diet 
devoid of PQQ that are otherwise nutritionally adequate have 
offspring with impaired neonatal growth and abnormal fea 
tures. Adult mice are suffered from reduced fitness, impaired 
immune response and decreased fertility, with hunched pos 
ture, friable skin, hemorrhage and diverticuli. Once PQQ is 
supplied to the diet for the mice, the above mentioned mal 
aises are disappeared (Steinberg, F. M., Gershwin, E. & 
Rucker, R. B. (1994) Dietary pyrroloquinoline quinone: 
growth and immune response in BALB/c mice. J. Nutr. 124: 
744-753). More PQQ functions are observed in animal 
experiments. Purified PQQ is able to protect liver damage 
induced by CC or alcohol as an antioxidant and a redox 
agent. Purified PQQ decreases glucocorticoid (hydrocorti 
sone) induced cataract formation in chicken embryo devel 
opment, possibly by restoring glutathione levels, which are 
reduced in response to hydrocortisone. Purified PQQ protects 
neuronal cells NMDA toxicity by directly oxidizing the 
receptor's NMDA redox site, thereby preventing brain 
hypoxia and ischemia, and protecting animal model from 
severe stroke. Similarly, purified PQQ protects cardiac cells 
and prevents them from cardiac ischemia and infarct. 
0020 Research works thus far have been focused on using 
purified PQQ as a vitamin for diet Supplements and pharma 
ceutical drugs. Purified PQQ have been applied to a wide 
variety of diseases prevention and treatment, ranging from 
treating Alzheimer's disease, preventing and treating 
osteoporosis, preventing and treating fatty liver, treating alco 
holism, treating heavy metal poisoning, increasing blood Zinc 
level while reducing lead level in children and adults to pre 
venting development of neurological disease. 
0021 For example, US Patent Application Publication 
20030229114 discloses a method of using purified PQQ for 
prevention and treatment of acute and chronic neurological 
injury caused by peroxynitrite. US Patent Application Publi 
cation 20050267143 discloses a method of using purified 
PQQ for treating or preventing myocardial oxidative stress, 
since purified PQQ modulates free radical damage. 
0022 U.S. Pat. No. 5,460,819 and Chinese Patent 
001 19473.9 disclose a method of using purified PQQ for 
treating heavy metal toxicity. Chinese Patent 03141434.6 
discloses a method of using purified PQQ for increasing 
tissue Zinc level and reducing lead level. Chinese Patent 
02111549.4 discloses a method of using purified PQQ for 
treating alcoholism and preventing and treating fatty liver 
induced by alcohol. 

  



US 2012/0070866 A1 

0023 The ubiquitous existence of PQQ in many organ 
isms and the importance of PQQ in many biochemical path 
ways suggest that POO functions beyond a vitamin or a 
pharmaceutical drug, and application of PQQ can well exceed 
nutritional use in animals. 

0024. In accordance with one embodiment of the present 
invention, provided is a processed food product comprising a 
food portion fortified with an effective amount of purified 
PQQ or a compound containing effective amount of purified 
PQQ derivatives for preserving the food portion. 
0025. The inhibition mechanism of purified PQQ to the 
growth of microorganism has been studied, and the result is 
disclosed in Example 1 of this invention disclosure. 
0026 Food products fortified with purified PQQ have sev 
eral advantages. Since purified PQQ can inhibit the growth of 
microorganisms in food, the shelf life of the food product is 
prolonged and the food is preserved. PQQ is a natural sub 
stance existing in animal and plant foods, therefore it is not 
harmful to human. Furthermore, purified PQQ benefits the 
consumer as a vitamin. Since purified PQQ is an odorless 
chemical compound, adding purified PQQ to foodstuff does 
not change the flavor or the texture of the food. Therefore, one 
embodiment in the present invention is adding purified PQQ 
to a processed foodstuff to manufacture a food product com 
prising a food portion fortified with an effective amount of 
purified PQQ or a compound containing effective amount of 
purified PQQ derivatives, for the purpose of providing an 
inhibiting means to microorganism growth in the food and 
preserving the food portion. 
0027. The purified PQQ inhibiting means to microorgan 
ism growth in the food includes damaging genetic materials 
deoxyribonucleic acids and ribonucleic acids (DNAs and 
RNAs) of microorganisms, thereby inhibiting replication of 
the microorganisms in the food product. Purified PQQ inhib 
iting means also includes blocking normal metabolism Such 
as respiration of microorganisms in the food, thereby inter 
fering life cycle of the microorganism in the food product. 
Research work done by Yusuke Hiraku etal indicates that low 
concentrations of PQQ (10 uM PQQ, equivalents to 3.3 
mg/L) may induce DNA cleavage at thymine and cytosine 
residue sites of the DNA. The PQQ induced DNA damage is 
dependent on the presence of NADH and Cu (II). Possible 
explanation is that NADH-dependent PQQ redox cycle gen 
erated Superoxide and hydrogen peroxide, which in turn 
mediate copper-dependent DNA damage. (NADH-mediated 
DNA damage induced by a new coenzyme, pyrroloquinoline 
quinone, in the presence of copper (II) ion FEBS Letters, 
Volume 393, Number 2, 16 Sep.1996, pp. 317-320(4)). Simi 
larly Superoxide and hydrogen peroxide generated by low 
concentration PQQ (500 uM POQ, equivalents to 165 mg/L) 
in the presence of NADH and Cu (II) may block electron 
transferring chain on bacteria membrane, thereby interferes 
normal metabolism including respiration of bacteria. 
0028. The microorganism inhibited by purified PQQ can 
be fungi, molds, various yeasts, spoilage and pathogenic bac 
teria, and certain virus. Examples of the microorganisms 
inhibited by purified PQQ are fungi such as Geotrichum 
candidum, molds such as Aspergillus niger and Penicillium 
expansium, spoilage bacteria Such as Alcaligenes faecalis, 
Bacillus Stearothermophilus, Lactobacillus acidophilus and 
Pseudomonas fluorescens, pathogenic bacteria Such as Bacil 
lus cereus, Staphylococcus aureus, Listeria monocytogenes, 
Yersinia enterocolitica, Salmonella typhimurium, Salmonella 
hydelberg, Salmonella enteritidis, Escherichia coli O157:H7, 
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Campylobacter jejuni, Clostridium botulinum, Clostridium 
perfingens, Shigella Sonnei, Shigella dysenteriae, Shigella 
flexneri, Shigella boydii, Vibrio cholera and Lysteria mono 
cytogenes, and certain virus Such as Norovirus and hepatitis 
W1US. 

0029. The foodstuff treated by purified PQQ is ranging 
from solid food to all kinds of beverages. In one embodiment 
of the present invention, the foodstuffs fortified by purified 
PQQ are dairy products including milk, milk powder, infant 
formula milk powder, fats, oils, fat emulsions, edible ices 
including Sherbet and sorbet, fruits, vegetables, seaweeds, 
nuts, seeds, confectionery including hard candy, fudge, tof 
fee, Swiss milk tablet, chocolate, kopiko, marshmallow, 
marzipan, divinity, pastry, chewing gum, ice cream, halvah 
and alfajor, cereals, cereal products derived from cereal 
grains, roots, tubers, pulses and legumes, bakery wares, meat 
and meat products including poultry and game, fish and fish 
products including mollusks, crustaceans and echinoderms, 
eggs, egg products, Sweeteners including honey, salts, spices, 
Soups, sauces, salads, protein products including Soybean 
protein products and fermented Soybean products, ready-to 
eat savourie, composite foods, beverages including fruit 
juice, iced tea, iced coffee, cola, ginger beer, tonic water, 
squash, root beer, lemonade, milkshake, cappuccino, coffee, 
espresso, Frappe, mocha, latte, hot chocolate, hot cider, 
mulled cider, Glühwein, flavored teas, green tea, pearl milk 
tea, tea, herbal teas, roasted grain beverages, Sodas or alco 
holic beverages including cocktails, ale, Scotch whisky, rye 
beer, Rye whisky, corn beer, Bourbon whiskey, wheat beer, 
Wheat whisky, Korn, sake, Sonti, makkoli, tuak shochu, Soju, 
Huangjiu, Baijiu, wine, brandy, Cognac, Branntwein, Pisco, 
cider, apfelwein, applejack, Calvados, lambig, pear brandy, 
betsa-betsa, rum, cachaga, aguardiente, guaro, mescal, plum 
wine, slivovitz, tzuica, palinca, pomace wine, grappa, Trester, 
marc, Zivania, mead, mead brandy, potato beer, Vodka, aqua 
vit, brannvin, akvavit, akevitt, brennivín, Poitín, Kumis, 
Araka. 

0030 Purified PQQ is especially suitable for fortifying 
dairy products such as milk, milk powder and infant formula 
milk powder. Even today, pasteurizing milk destroys patho 
genic bacteria only. Since spoilage bacteria are left unde 
stroyed, pasteurized milk has a short shelf life. Purified PQQ 
fortification of dairy products will inhibit many kinds of 
microorganism growth in the products and prolong the shelf 
life of them. Likewise, other food and beverage products such 
as juice, cider, beer, eggs, honey, sports drinks and water can 
also be fortified with purified PQQ to inhibit microorganism 
growth and extend their shelflives. The dairy product fortified 
with purified PQQ can be butter, cream, cottage cheese, 
yogurt, kefir, moZZarella cheese, fresh cheese, ripe cheese and 
Parmesan cheese. The milk fortified with purified PQQ can be 
any kind of milk Such as cow's milk, buffalo's milk, goat's 
milk and sheep's milk. Preferably, the milk fortified with 
PQQ is cow's milk, including its milk powder and infant 
formula milk powder. And the milk supplemented with puri 
fied PQQ will mimic human milk, which has very high con 
centration of PQQ, benefiting the consumer both as a healthy 
drink and a long shelf life beverage. 
0031. Another embodiment of the invention is a method to 
manufacture purified PQQ fortified food products. Purified 
PQQ or a compound containing effective amount of purified 
PQQ derivatives can be soluble or emulsified. The soluble 
PQQ or the emulsified PQQ is blended into the food product. 
The concentration of purified PQQ in the final food product 
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ranges from 0.0001 mg/L to 1,000 mg/L. Preferably, the 
concentration of purified PQQ ranges from 0.001 mg/L to 100 
mg/L. The final purified PQQ concentration from a com 
pound containing effective amount of PQQ derivatives in the 
food product ranges from 0.0001 mg/L to 1,000 mg/L. Pref 
erably, the concentration of purified PQQ ranges from 0.001 
mg/L to 100 mg/L. 
0032. Yet another embodiment in present invention is pre 
paring purified PQQ comprising the steps of cultivating a 
strain of bacteria in a culture medium, inducing bacteria 
mutation to obtain mutant bacteria Strains, collecting Super 
natant of the culture medium, isolating PQQ from the super 
natant by chromatography, purifying PQQ and crystallizing 
PQQ. 
0033 Detailed procedure to manufacture purified PQQ in 
large-scale production is disclosed in the following. 
0034. Two kinds culture media are prepared for culturing 
microorganism Strains producing purified POO. Liquid cul 
ture media is prepared for shake flask culture. Solid culture 
media is prepared for Petridish culture. The culture media are 
Supplied with elements tyrosine, glutamine, and Tween 80 to 
increase synthesis yield of PQQ from culturing the microor 
ganisms. Further, the culture media is Supplied with addi 
tional carbon Source Such as methanol, Sodium acetate, glyc 
erol and D-mannitol to increase synthesis yield of PQQ from 
culturing microorganisms. Preferably, methanol is the opti 
mal carbon Source added to culture media. 

0035 Microorganism strains Hyphomicrobium strains 
(ATCC No. 27500, ATCC No. 27501, ATCC No. 33404), 
Methylophage thalassica strain (ATCC No: BAA-297), Thio 
bacillus (ATCC No: 8093) strain are selected for culturing 
and mutating experiments. The strains have been deposited in 
AmericanType Culture Collection (ATCC), a nonprofit orga 
nization in Virginia, USA (http://www.atcc.org/About/Abou 
tATCC.cfm), and their correspondent registration numbers 
(ATCC Numbers) are listed above. Original bacteria strain 
samples 1 ml from each strain are cultured in 100 ml liquid 
culture media, 30 degree C. 120 revolution/min (rev/min) for 
24 hours in shake flasks to increase their volume, then 0.5 ml 
of each of the cultured bacteria strains are transferred to Petri 
dish to be induced under ultraviolet (UV) light from the 
source of a 20-Watt UV lamp in a DL-CJ-2N High Perfor 
mance Super-clean Bench. Pour plate method (Mixing bac 
teria method) are used and colony forming units (CFU) are 
counted to examine the result of the cultivation. Pour plate 
method, colony forming units (CFU) method, UV light 
induction and lethal rate calculations are further disclosed in 
detail in Example 2 of this invention. UV light exposure 
damages the genetic materials of microorganisms and 
induces mutant strains. When a molecule is exposed under 
UV light and absorbs certain amount of energy from the UV 
light, the molecule is excited, with some of its electrons are 
elevated to higher energy level, causing mutation of the mol 
ecule. DNA (deoxyribonucleic acid) molecule is able to 
absorb large amount of UV light, therefore it is very easily to 
mutate under UV light, and changes its molecular structure. 
The molecular structure changes include breaking of DNA 
chain, cross linking within DNA molecule and inter DNA 
molecules, cross linking between nucleic acids and proteins, 
and forming of hydrated pyrimidine and pyrimidine dimmer. 
Pyrimidine dimmer formation is a major cause for DNA 
molecular structure change and genetic mutation of bacteria. 
Thus high PQQ yield bacteria strain is obtained by UV light 
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induced mutation. The mechanism of UV light induced 
mutagenesis is well known to those skilled in the art. 
0036. After UV light inducing, the cultured microorgan 
isms undergo a 75% lethal rate selection. Lethal rate 
describes the ratio of the number of dead bacteria caused by 
UV light induction versus the number of total bacteria in 
liquid culture media. Lethal rate of bacteria exposed under 
UV light varies since the sensitivities to UV light mutation of 
different bacteria strains at different growing stages vary 
greatly. Experiment results indicate that bacteria mutation is 
not satisfactory if low lethal rate (less than 70%) is used, and 
high PQQ yield bacteria strains are difficult to be selected at 
those rates. High PQQ yield bacteria strain is also difficult to 
be selected if high lethal rate (more than 80%) is used since 
the number of live bacteria in the liquid culture media is 
reduced greatly and too many lethal mutant bacteriano longer 
survive the screen because they are over exposed under UV 
light. Therefore, relatively low lethal rate (lethal rate from 
70% to 80%) will be used to select high PQQ yield mutant 
bacteria strains. In the disclosed invention, 75% lethal rate 
selection is employed, which is 75% of bacteria are dead after 
UV light exposure, roughly speaking According to experi 
ment results, when Hyphomicrobium strains are exposed 
under UV light for 2 minutes 75% lethal rate is achieved. 
When Methylophage thalassica strain is exposed for 2.5 min 
utes 75% lethal rate is achieved. When Thiobacillus strain is 
exposed for 1.5 minutes 75% lethal rate is achieved. 
0037 Mutant strain selection with high PQQ yield is 
described as the following. Two hundred mutant microorgan 
ism strains selected from above 75% lethal rate method are 
cultured under dark condition in liquid culture media simul 
taneously, and PQQ yield from each of the bacteria strain is 
calculated. The 10 mutant microorganism strains with high 
PQQ yield are selected, and they are cultivated for next 10 
generations in shake flasks. Thus a mutant microorganism 
strain stably producing PQQ with highest PQQ yield is 
selected. 
0038 Another mutation inducing method is ion beam 
induction and selection. Bacteria Strains are spread onto Petri 
dishes, and nitrogen ion beams at energy level of 20 keV are 
used for impulsive injection. Ion beam exposure damages the 
genetic materials of microorganisms and induces mutant 
strains. Specifically, bacteria exposed to ion beam undergo 
mutagenesis Such as chromosome aberration, damaging and 
breaking of the four bases from DNA molecule, causing 
genetic material change and loss at molecular level, and cre 
ating large numbers of mutant strains for the purpose of 
selecting high PQQ yield bacteria strains. The mechanism of 
ion beam induced mutation is well known to those skilled in 
the art. Detailed steps of ion beam induction and selection are 
disclosed in Example 2. 
0039. Mutant strain selection with high PQQ yield is 
described as the following. After ion beam injection, 100 
bacteria strains mutated by ion beam inducing method are 
cultured in liquid culture media simultaneously, and PQQ 
yield from each of the bacteria strain is calculated. Ten bac 
teria strains with high PQQ yield are selected, and they are 
cultivated for next 6 generations in shake flasks. Finally a 
bacteria strain stably producing PQQ with highest PQQ yield 
is selected. 
0040. The mutant microorganism strains produced after 
UV light mutation and ion beam mutation are U-H103, 
U-MT12, U-T187, E-H177, E-MT145 and E-T128. The 
mutant strain U-H103, which is mutated from Hyphomicro 
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bium, is deposited in China Center for Type Culture Collec 
tion in Wuhan, China (CCTCC, http://www.cctcc.org/), and 
its registration number is CCTCC No: M208013. The mutant 
bacteria strains differ from their original strains on cell mor 
phology and colony morphology. Mutant Hyphomicrobium 
strains are rod shape, gram-negative cells. They form white 
colonies, which change to beige oryellow coloration in older 
colonies on solid culture media. They are turbid in liquid 
culture media, and stick onto the wall of culture flasks easily. 
U-H103 and E-H177 are mutants from Hyphomicrobium 
strains, their colonies are larger than Hyphomicrobium 
strains, and are slightly dry with yellowish color. U-H103 and 
E-H177 can be further distinguished according to the differ 
ence of the amount of their PQQ production. Mutant Methy 
lophage thalassica strains are rod shape, gram-negative cells. 
They form yellow colonies, and are dry on solid culture 
media. When they are cultured in liquid culture media they 
are apparently turbid and easily precipitated. U-MT12 and 
E-MT145 are mutant strains from Methylophage thalassica, 
their colonies are larger than Methylophage thalassica strain. 
U-MT12 and E-MT145 can be further distinguished accord 
ing to the difference of the amount of their PQQ production. 
Mutant Thiobacillus strains are short rod shape, gram-nega 
tive cells. They form colorless and moist colonies on solid 
culture media. When they are cultured in liquid culture media 
they are easily forming membrane or film shapes. U-T187 
and E-T128 are mutant strains from Thiobacillus strain, 
slightly white and slightly dry colonies on Solid culture 
media. U-T187 and E-T128 can be further distinguished 
according to the difference of the amount of their PQQ pro 
duction. Mutant bacteria Strains produced according to the 
process disclosed above have high and stable PQQ yield. The 
method is reproducible and Suitable for large scale manufac 
turing PQQ. 
0041 After culturing microorganisms and producing 
PQQ, a process of isolating, purifying and crystallizing PQQ 
is necessary. In this invention the following steps are dis 
closed to illustrate the process of filtrating, centrifuging, run 
ning through DEAE column chromatography, ultrafiltrating, 
acid precipitating and crystallizing in order to purify and 
crystallize PQQ as an example. 
0042. The supernatant containing synthesized PQQ from 
microorganism culture (fermentation) is prepared through 
centrifugation of fermenting liquid that is collected from 
lower fermentation pot, and is stored in 4-10 degree C. cold 
storage. The collected Volume of the fermenting liquid is 
recorded, bacteria density (OD600 numbers) and PQQ yield 
in the liquid is examined. The collected fermenting liquid is 
centrifuged in a large Volume, high speed, and refrigerated 
centrifuge. Supernatant is collected after centrifugation. 
0043. The supernatant is then filtered through 1.2 uM 
micro filter membrane to reduce bio-load, such as debris of 
microorganisms and large molecules. The following experi 
ments are performed at temperature 20-22 degree C. DEAE 
(Diethylaminoethyl)-Streamline anion exchange column 
chromatography is used to eliminate large amount of 
unwanted impurity from filtered supernatant at pH 7.0-8.0. 
DEAE column for DEAE column chromatography is pre 
pared with DEAE-Streamline material (from Amersham Bio 
Science) and pre-balanced with Balancing solution A and 
Balancing solution B. The Supernatant sample containing 
PQQ from centrifuged fermenting liquid is adjusted to elec 
trical conductance 400-500 us/cm, pH7.0-8.0 by distilled 
water. Then the Supernatant sample is added onto the top of 
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the DEAE column. The column flow rate is adjusted to 25 
ml/minute. The DEAE column is washed after the superna 
tant sample is added by Washing solution A and Washing 
solution B at the flow rate of 25 ml/minute, until washing 
solution brings PQQ band (which has brown-red color) down 
to the lower /4 column part. PQQ band is eluted by Eluting 
solution, and the brown-red PQQ band moves down towards 
the bottom of the column. From the start of PQQ exiting the 
column, collecting eluted PQQ solution until brown-red color 
disappears from the column. The volume of eluted solution 
with POQ is recorded. The content of PQQ in the eluted 
solution is tested. The efficacy of DEAE columnis calculated. 
After the elution, the column is washed with Washing solu 
tion and distilled water at the flow rate of 25 ml/minute to 
regenerate the column. 
0044 Acid precipitation and crystallization for PQQ puri 
fication is performed to get purified PQQ. The isoelectric 
point of target product PQQ is pH 2.75. At 20-25 degree C., in 
pH 7.0 water solution, the solubility of PQQ is 1-2 mg/ml. 
The solubility of PQQ will be lowered if the temperature and 
pH values of the Solution are reduced gradually. Large 
amount of PQQ will be precipitated if the solution is adjusted 
to pH 2.75, and 98% of PQQ will be crystallized if the tem 
perature of the solution is further reduced to 2-8 degree C. 
Therefore, acid precipitation and low temperature crystalli 
zation is used for PQQ purification. Detailed steps are 
described as following: 
0045 Isolated PQQ solution collected from DEAE col 
umn is adjusted to pH 2.75 with 2N HC1. Then the PQQ 
solution at pH 2.75 is put in a 2-8 degree C. refrigerator for 5-7 
days until PQQ is crystallized completely. All the instruments 
used in following steps are pre-washed with pH 2.75 HCl 
water Solution cooled to 2-8 degree C., and kept at 2-8 degree 
C. before use. The Solution containing acid precipitated and 
crystallized PQQ is centrifuged in a large Volume, high speed, 
refrigerated centrifuge (HITACHI CR22E high speed refrig 
erated centrifuge). Purified PQQ is collected after centrifu 
gation. Collected PQQ is stirred and washed in pH 2.75 HCl 
water Solution pre-cooled to 2-8 degree C. After washing, 
PQQ is centrifuged again in a centrifuge. This step can be 
repeated several times to get pure PQQ. Final product PQQ is 
collected after centrifugation. PQQ sample is tested for PQQ 
concentration and purity. Final product POO is kept in a 
negative 80 degree C. freezer for pre freezing. Brown-red 
frozen PQQ power is obtained from a freezing machine. 
0046. The above described technique produces at least 
85% pure PQQ. However, if the above technique is further 
optimized, better than 98% pure PQQ is produced. 
0047. In order to eliminate impurities and obtain pure 
PQQ powder, Ultrafiltration Cassettes is employed to opti 
mize PQQ purification techniques. The eluted PQQ solution 
from DEAE column is further filtered through 8K Ultrafiltra 
tion Cassette (from MiliporeTM). Ultrafiltration system (Cen 
tramateTM) Tangential Flow Filtration System (from Pall Co.) 
before isoelectric point precipitation (acid precipitation) step. 
The ultrafiltrating results indicate that using 8 KUltrafiltra 
tion Cassette to eliminate impurity proteins in eluted PQQ 
solution will produce 98% pure or better PQQ in the follow 
ing steps of isoelectric point precipitation (acid precipitation) 
and crystallization (low temperature crystallization). 
0048. The alternative way to eliminate impurity proteins is 
ultrafiltrating the supernatant of fermentation liquid before 
isolating PQQ through DEAE (Diethylaminoethyl) column 
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chromatography, using the same Ultrafiltration Cassettes. 
The same purity of 98% PQQ powder is also produced this 
way. 

EXAMPLES 

0049. The invention will be further described in the fol 
lowing examples, which do not limit the scope of the inven 
tion described in the claims. 

Example 1 

PQQ Inhibiting Microorganism Growth in Food 

0050. The effects of purified PQQ inhibition of the growth 
of microorganism and its application in extending food shelf 
life have been demonstrated experimentally. 
0051. In one experiment, Top 10 E. coli and Ampicillin 
resistant (Ampk) E. coli are selected as bacterial samples. 
These bacterial samples are cultured separately in LB media 
in a number of tubes with various purified PQQ concentra 
tions. LB media is prepared as following: Ten gram Bacto 
tryptone, 5 g yeast extract and 10g NaCl are added to 800 ml 
distilled H2O. The pH of the solution is adjusted to 7.5 with 
NaOH, and the final volume is adjusted to 1 L with distilled 
HO. The LB media is autoclaved and filtered to be sterilized. 
The PQQ concentration range is prepared between 0 to 100 
mg/Liter of LB media in the number of the tubes. The bacte 
rial samples are inoculated into the tubes to the amount of 
1x10/tube, incubated in 37 degree C. on shaking bench for 
designated time according to the following experiment 
designs. It is known that Ampicillin has no effect to the 
growth of Ampicillin resistant E. coli but can inhibit other 
bacteria growth. Therefore, the data from the Ampicillin 
experiment are focused on AmpR E. coli growth. While in the 
case of Top10 E. coli, other types of bacteria may grow in the 
culture as well. 
0052 Table 1 and FIG. 1 show OD600 value of samples 
from Top 10 E. coli and Ampicillin resistant E. coli cultured at 
6, 8, and 9.5 hours. OD600 is a measurement of the optical 
density at 600 nm wavelength light of a liquid media. The 
optical density is related to the amount of particle Scattering 
of light. In this case, a high optical density indicates a large 
number of bacteria in the cultural sample, and OD600 datas 
are used in this invention disclosure as indication of numbers 
of bacteria in the liquid media, which is a standard method to 
monitor microorganism growth. The OD600 of cultured 
microorganism in liquid media is measured by photometer, 
using blank media as blank reference. To convert OD600 to 
the number of microorganism Such as E. coli in the culture 
media, the converting formula is 1 OD=3.8x10'. OD600 is a 
well known technique of monitoring bacterial growth to those 
of skilled in the art and so is not discussed further here. 

TABLE 1. 

OD6OOMEASUREMENT 

PQQ 6 Hours 8 Hours 9.5 Hours 

(mg/L) Top 10 AmpR Top 10 AmpR Top10 AmpR 

O O.294 O.145 O433 O.331 O451 O421 
O.1 O.303 O.143 O416 0.331 O451 O4O1 
1 O.293 O.145 O.445 O.335 O.452 O.408 

25 O.251 O.O87 O433 O.268 0.472 0.356 
50 O.208 O.OS2 O413 O.169 O.457 0.298 
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TABLE 1-continued 

OD6OOMEASUREMENT 

PQQ 6 Hours 8 Hours 9.5 Hours 

(mg/L) Top10 AmpR Top10 AmpR Top10 AmpR 

75 O.16S O.04 O.386 O.122 O.446 O239 
100 O.163 O.O3 O.378 O.O88 O.431 O.192 

Ampfkana 0.007 O.OO6 O.O1 O O.O13 O.OO6 

0053. The data shown in FIG. 1 and table 1 indicate a 
general trend that the number of E. coli in AmpR sample 
decreases as the concentration of purified PQQ increases. 
This experiment demonstrates that the growth of E. coli bac 
teria can be inhibited by purified PQQ. It is also speculated 
that the inhibition effect of purified PQQ to bacterial growth 
is most efficient during the growth stage instead of the satu 
ration stage. 
0054. In one embodiment of the present invention, the 
inhibition effect of purified PQQ to the growth of bacterial is 
utilized to preserve food products. The food preserving 
method has been tested and proved by an experiment in which 
purified PQQ is added in and blended with non-pasteurized 
cow milk. The samples were prepared with purified PQQ 
concentration level of 0, 0.1. 1, and 10 mg/L. Next, the 
samples were shaken at 37 degree C. for 3, 6, and 9 hours, and 
then saved in a refrigerator under 4 degree C. On the next day, 
liquid culture media LB was added into the samples, followed 
by the samples cultured in shake flask for the next 24 hours 
and ready for OD600 test. 
0055 FIG. 2 presents the OD600 value as a function of 
purified PQQ concentration measured from the samples 
shake flask for 3, 6, and 9 hours. The data clearly show that, 
after 6 and 9 hour mixing, the amount of bacteria decreases as 
the purified PQQ concentration increases, indicating the inhi 
bition effect of purified PQQ to the growth of bacteria. 

Example 2 

Production of PQQ 

0056. In accordance with one embodiment of the present 
invention, provided is an manufacture method for large scale 
production of purified and crystallized PQQ through low cost 
and high throughput culturing microorganism method. There 
are two importance aspects to achieve highly purified PQQ. 
One relates to selecting suitable bacteria in order to produce 
PQQ efficiently, which will be described in Part 1. Another is 
about novel method to purify and crystallize PQQ for opti 
mized applications. This aspect will be described in Part 2. 

Part 1 Cultivating Microorganisms and Synthesizing of PQQ 
0057 The following description explains a procedure of 
cultivating microorganism strains in order to synthesize PQQ 
as an example. 
0058. The following describe preparing culture media 
including liquid culture media and Solid culture media. 
0059. In 1 liter distilled water add 3 gram (g) (NH4)2SO, 
1.4 g KHPO4, 3 g NaHPO, 0.1 g MgSO 8 g Methanol, 
100 ug Fe, and 1 ml trace element stock solution, stir well and 
store in 2-4 degree C. The liquid culture media is prepared. 
0060 Trace element stock solution is prepared as 
described in next paragraph. 
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0061. In 1 Liter culture media add 0.1 g ZnSO.7H2O, 0.1 
g CaCl2.H2O, 0.01 g NaCl, 0.005 g CuSO4.5H2O, 0.005g 
MnSO4.3H2O, 0.001 g H3BO3, and 0.05 g KI, stir well and 
store in 2-4 degree C. and trace element stock solution is 
prepared. 
0062 Solid culture media is prepared as described in next 
paragraph. 
0063 Add 2% agar to liquid culture media according to 
the volume in need, stir well and store in 2-4 degree C. and 
Solid culture media is prepared. 
0064. The following describe preparing bacteria strains, 
cultured bacteria Solution and Suspended bacteria Solution. 
0065 Hyphomicrobium strains (ATCC No. 27500, ATCC 
No: 27501, ATCC No. 33404), methylophage thalassica 
strain (ATCC No: BAA-297), and Thiobacillus strain (ATCC 
No: 8093) are the bacteria strains used for producing PQQ. 
0.066 One ml bacteria strain described above is added into 
100 ml liquid culture media, cultivated at 30 degree C., 120 
rev/min for 24 hours, and the cultured bacteria solution is 
prepared. One ml of the cultured bacteria solution is diluted 
with Pour plate method (Mixing bacteria method) and colony 
forming units (CFU) was counted, and cultured bacteria solu 
tion are prepared. Pour plate method and colony forming 
units (CFU) method are performed as the following: (All the 
procedures are performed ataseptic condition.) Cultured bac 
teria Strains 0.5 ml each is transferred through an aseptic 
graduated pipette into 4.5 ml PBS (pH-7.0) to get concentra 
tion of 10' diluted bacteria strain sample, and the above 
process is repeated to prepare diluted bacteria strain samples 
with concentration from 10' to 10. Three test tubes each 
has 1 ml of diluted bacteria Strain samples with concentra 
tions of 10, 107 and 10, are inoculated into 9 Petridishes, 
with each concentration of the samples is inoculated into 3 
Petri dishes. Solid culture media cooled to 50 degree C. is 
poured into the Petridishes up to 1.5 to 2 mm from the bottom 
of the Petri dishes. Immediately mix the diluted bacteria 
strain samples and Solid culture media by shacking the dishes 
gently and carefully until the samples and the Solid culture 
media are well mixed and the solid culture media are solidi 
fied, with no sample spilled over the dishes. Bacteria colonies 
of each of the Petri dish are counted after the dishes are 
incubated for 48 hours. Petri dishes having bacteria colony 
number from 30 to 300 are selected and the average numbers 
of colonies of diluted bacteria strain samples are calculated. 
Each average number is timed by concentration, and the total 
colony numbers are calculated. 
0067. Five ml cultured bacteria solution is added into a 
Petridish filled with 45 ml Phosphate Buffered Saline (PBS). 
The Suspended bacteria Solution is prepared. 
0068 PBS is prepared as following: Eight gram NaCl, 0.2 
g KCl, 1.44 g Na HPO and 0.24 g KHPO are dissolved in 
800 ml distilled water and the pH of the solution is adjusted to 
7.4 with HCl, adding distilled water to final volume of 1 Liter. 
0069. Next, ultraviolet (UV) inducing bacteria mutation 
followed by 75% lethal rate selecting mutant strain are per 
formed. UV inducing bacteria mutation is described as fol 
lowing. Petri dish filled with suspended bacteria solution as 
described in previous step is put on a magnetic stirrer. The 
Petri dish is kept 30 cm under a UV lamp tube of a 20-Watt 
UV lamp in a DL-CJ-2N High Performance Super-clean 
Bench. The UV lamp is turned on, the Petri dish is open and 
the magnetic stirrer is turned on, allowing the bacteria 
exposed to UV light evenly. The following procedures are 
performed under light free experiment condition. Bacteria 
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samples 1 ml are taken 6 times during the UV exposure time 
at 0.5 minutes, 1 minutes, 1.5 minutes, 2.0 minutes, 2.5 min 
utes and 3 minutes, and the samples are kept in a refrigerator 
for 1-2 hour under light free condition. Colony forming units 
(CFU) of each sample is counted again with Pour plate 
method (Mixing bacteria method) by using the same CFU 
procedures disclosed above. 
0070 The lethal rates of the bacteria are calculated, and 
75% lethal rate of the bacteria is obtained as the formula: 
Lethal Rate=(Total number of bacteria colony before induc 
tion-Number of live bacteria colony after induction)/Total 
number of bacteria colony before inductionx100%. Select the 
bacteria samples with 75% lethal rate for further experiment 
steps. 
0071 Mutant strain selection with high POQ yield is 
described as the following. Two hundred bacteria strains 
selected from above 75% lethal rate method are cultured in 
liquid culture media simultaneously, in 30 degree C., 200 
rev/min for 7 days. PQQ yield from each of the bacteria strain 
is calculated. The 10 bacteria strains with high PQQ yield are 
selected, and they are cultivated for next 10 generations in 
shake flasks. A bacteria strain stably producing PQQ with 
highest PQQ yield is selected. 
0072 Ion beam inducing bacteria mutation is described as 
following. Bacteria strains are spread onto Petri dishes, and 
the Petridishes are put on a water-cooled target plate inside a 
microenvironment target chamber. When the microenviron 
ment target chamber is pre-pumped to 100 Pa, main isolating 
valve is opened. Nitrogen ion beam at energy level of 20 keV 
is injected into main vacuum chamber impulsively at the 
condition of 1023 Pa vacuum. The width of the nitrogen ion 
beam impulses is 5 seconds, with 55 seconds between the 
impulses. Total amount of the ion beam injection is 0.52x10' 
ions/cm. The Petridishes are taken out of the chamber after 
the total amount of ion beam is injected. The bacteria in the 
Petri dishes are washed and collected with 1 ml microorgan 
ism free water. The Suspended bacteria solutions are prepared 
with microorganism free water, which are further diluted to 
several Suspended bacteria Solutions with various concentra 
tions. Each of the suspended bacteria solutions with different 
concentrations are spread onto corresponding Petri dishes, 
and cultured at 30 degree C. for 7 days, for the purpose of 
selecting Colony forming units (CFU) of mutant bacteria 
strains, using the same procedures of CFU are disclosed 
above. 
0073 Mutant strain selection with high PQQ yield is per 
formed after ion beam induction. One hundred bacteria 
strains mutated by ion beam inducing method are cultured in 
liquid culture media simultaneously, in 30 degree C., 200 
rev/min for 7 days. PQQ yield from each of the bacteria strain 
is calculated. The 10 bacteria strains with high PQQ yield are 
selected, and they are cultivated for next 6 generations in 
shake flasks. A bacteria strain stably producing PQQ with 
highest PQQ yield is selected. 
0074 Mutant bacteria strains U-H103, U-MT12 and 
U-T187 are induced under UV light from Hyphomicrobium 
strains, methylophage thalassica strain or Thiobacillus strain, 
and then selected according to 75% lethal rate described 
above. 
0075 Mutant bacteria strains E-H177, E-MT145 and 
E-T128 are induced under ion beam, and then selected 
according to 75% lethal rate described above. 
0076 Various microorganisms are cultured and PQQ syn 
thesized by them are tested. Hyphomicrobium ATCC No: 
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27501, ATCC No. 27500, ATCC No. 33404, Mutant strains 
U-H103(CCTCC No: M 208013), E-H177, methylophage 
thalassica, ATCC No: BAA-297, U-MT12, E-MT145, Thio 
bacillus ATCC No: 8093, U-T187, E-T128 are cultured in 50 
ml culture media in 250 ml shake flasks in 30 degree C. pH 7. 
200 rev/min for 7 days. OD600 and PQQ yield are examined. 
The mutant strain U-H103, which is mutated from Hyphomi 
crobium, is deposited in China Center for Type Culture Col 
lection in Wuhan, China on Jan. 17, 2008 (CCTCC, http:// 
www.cctcc.org/), and its registration number is CCTCC No: 
M2O8O13. 

0077. The results are summarized in following table 2: 

TABLE 2 

OD600 MEASUREMENT and PQQYIELD 

Mutant Strain ODoo PQQ(gfml) 

Hyphomicrobium ATCC No: 27501 1.9 4.3 
Hyphomicrobium ATCC No: 27500 1.5 4.5 
Hyphomicrobium ATCC No. 33404 1.7 4.2 
U-H103 CCTCC No: M2O8O13 2.3 6.3 
E-H177 3.1 8.2 
methylophage thalassica ATCC No: BAA-297 1.4 3.2 
U-MT12 1.9 S.6 
E-MT145 2.2 6.4 
Thiobacilius ATCC No: 8093 1.9 5.3 
U-T187 2.4 6.7 
E-T128 3.2 9.3 

0078. In order to optimize PQQ yield, the following 3 
experiments (Precursor experiment, Carbon source experi 
ment and Tween Experiment) are conducted to find out 
chemical elements supplied to culture media to benefit POQ 
synthesis, and the results are show in table 3 through table 5: 
0079 Precursor experiment is conducted as following. 
The precursor of PQQ is tyrosine and glutamine. Adding 
precursors of the final product to bio fermentation usually 
will increase the productivity of the final product. 
0080. In this experiment, bacteria strain Thiobacillus is 
cultured in 50 ml liquid culture media supplied with tyrosine 
and/or glutamine in various concentration (W/V:% weight of 
tyrosine or glutamine in Volume of liquid culture media, 
shown in the following table 3) in 250 ml shake flasks at 30 
degree C., pH 7, 200 rev/min for 7 days, then OD600 and 
PQQ yield are examined. 
0081 
3: 

The result of precursor experiment is shown in Table 

TABLE 3 

OD600 MEASUREMENT and PQQYIELD 

OD6oo PQQ (g/ml) 

Tyrosine (1%o, WV) O.9 2.3 
Tyrosine (0.1%o, WV) 2.2 7.8 
Tyrosine (0.01%o, WV) 1.8 6.1 
Glutamine (1%o, WV) 1.1 2.1 
Glutamine (0.1%o, WV) 2.3 7.4 
Glutamine (0.01%o, WV) 1.7 5.8 
Tyrosine (1960, WV) + O.8 1.8 
Glutamine (1%o, WV) 
Tyrosine (0.1%0, WV) + 2.6 11.2 
Glutamine (0.1%o, WV) 
Tyrosine (0.01%o, WV) + 1.8 5.9 
Glutamine (0.01%o, WV) 
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I0082 Precursor experiment indicates that adding precur 
Sor tyrosine and glutamine at concentration 0.1%0 weight/ 
volume (W/V) to the culture media obviously increases both 
the growth of the bacteria and the PQQ yield. 
I0083 Carbon source experiment is conducted as follow 
ing. Bacteria Strains Hyphomicrobium Methylophage thalas 
sica Thiobacillus are used in this experiment according to 
table 4. Each bacteria strain is cultured in 50 ml liquid culture 
media Supplied with methanol, ethanol, acetaldehyde, 
Sodium acetate, D-glucose, glycerol, D-fructose, D-mannitol, 
lactose, Saccharose or D-galactose as different carbon 
sources, in 250 ml shake flasks at 30 degree C., pH 7, 200 
rev/min for 7 days. The carbon source experiment is Summa 
rized in table 4, which indicates that different bacteria strains 
listed in Table 4 under different carbon source condition the 
yield of PQQ varies substantially. 

TABLE 4 

PQQYIELD and DIFFERENT CARBON SOURCE 

Bacteria strain 

Methylophage 
Hyphomicrobium thalassica Thiobacilius 

ATCC No: ATCC No: ATCC No: 
Carbon Source 275O1 BAA-297 8093 

Methanol 4.2 3.2 5.3 
Ethanol * * * 

Acetaldehyde * * * 
Sodium acetate 3.1 3.5 3.8 
D-Glucose * 1.2 * 
Glycerol 3.5 3.1 3.9 
D-Fructose * * * 

D-Mannitol 1.3 2.4 2.5 
Lactose * * * 

Saccharose * * * 

D-Galactose * * * 

(Numbers in table 4 are PQQ yield corresponding to bacteria strain and carbon source, the 
unit for PQQ yield is ugiml, —* is PQQ< 1 lug/ml) 

I0084. Tween Experiment is conducted as following. Sur 
factant (Surface-active agent) Tween 80 is a heat resisting, 
water-soluble fatty acid. It is able to reduce the surface ten 
sion between microorganism's body and culture media Sur 
face, stimulates the microorganism and increases many kinds 
of enzyme to be excreted from the microorganism's body, and 
change permeability of bio-membrane of the microorganism, 
thereby facilitating nutrients entering the microorganism and 
metabolic waste excreting from the microorganism. 

TABLE 5 

POQYIELD and TWEEN 80 

P iml 

Methylophage 
Hyphomicrobium thalassica Thiobacilius 

ATCC No: ATCC No: ATCC No: 
Tween 80concentration 275O1 BAA-297 8093 

1960, V/V 5.7 4.8 7.2 
0.1%0, VIV 4.0 3.5 6.1 
0.01%o, V/V 4.1 3.0 S.1 

I0085. The result of Tween experiment indicates that add 
ing Tween 80 to culture media increases PQQ yield, espe 
cially at the concentration of 1960 Tween 80. 
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I0086 Large scale PQQ production is tested in following 
experiments 1 through 6 to prove the feasibility of the method 
in large scale manufacturing. Liquid cultural media and pro 
cedures for large scale manufacturing PQQ are disclosed as 
following: In 1 liter distilled water add 3 gram (g) (NHA)SO, 
4.5g KHPO4, 1 g MgSO 8g Methanol, 100g Fe, and 1 ml 
trace element Stock solution. Trace element stock Solution is 
prepared same as previous method. Bacteria are cultured in 
50 L fermentation pots at 30 degree C. pH 7 (pH is adjusted 
with adding NH-OH to the pot, if it is needed.) and 8%0 
Methanol (w/w) for 7 days. 

Experiment 1 
0087 Mutant Hyphomicrobium is cultured in 30 L liquid 
culture media in 50 L fermentation pot according to the 
method described in Part 1, Example 2, at 30 degree C., pH 7 
for 7 days. The resultant PQQ yield is 103 g/ml. 

Experiment 2 

0088 Mutant Methylophage thalassica is cultured in 30 L 
liquid culture media in 50 L fermentation pot according to the 
method described in Part 1, Example 2, at 30 degree C., pH 7 
for 7 days. The resultant PQQ yield is 87 lug/ml. 

Experiment 3 

I0089 Mutant Thiobacillus is cultured in 30 L liquid cul 
ture media in 50 L fermentation pot according to the method 
described in Part 1, Example 2, at 30 degree C. pH 7 for 7 
days. The resultant PQQ yield is 133 g/ml. 

Experiment 4 

0090 Same bacteria strain and same culture condition as 
Example 1 are used in this experiment, plus adding Tyrosine 
(0.1%0 W/V), Glutamine (0.1%0 W/V), and Tween80 (1%0 
V/V) to the 50 L fermentation pot before starting to culture 
the bacteria. The resultant PQQ yield is 163 g/ml. 

Experiment 5 

0.091 Same bacteria strain and same culture condition as 
Example 2 are used in this experiment, plus adding Tyrosine 
(0.1%0 W/V), Glutamine (0.1%0 W/V), and Tween80 (1%0 
V/V) to the 50 L fermentation pot before starting to culture 
the bacteria. The resultant PQQ yield is 143 g/ml. 

Experiment 6 

0092 Same bacteria strain and same culture condition as 
Example 3 are used in this experiment, plus adding Tyrosine 
(0.1%0 W/V), Glutamine (0.1%0 W/V), and Tween80 (1%0 
V/V) to the 50 L fermentation pot before starting to culture 
the bacteria. The resultant PQQ yield is 250 g/ml. 

Part 2 PQQ Purification 
0093. The following description explains a procedure of 

filtrating, centrifuging, running through DEAE column chro 
matography, ultrafiltrating, acid precipitating and crystalliz 
ing in order to purify and crystallize PQQ as an example. 

1) Preparing Supernatant of Fermentation (Microorganism 
Culture) 
0094 Collecting fermenting liquid is described as follow 
ing. Fermenting liquid that contains synthesized PQQ from 
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microorganism culture (fermentation) according to Part 1, 
Example 2 is collected from lower fermentation pot, and is 
stored in 4-10 degree C. cold storage for next centrifugation 
step. (The liquid must be centrifuged in 30 minutes after 
collection.) The collected volume of the fermenting liquid is 
recorded, bacteria density (OD600 numbers) and PQQ yield 
in the liquid is examined. 
0.095 Centrifugation fermenting liquid and collecting 
Supernatant of fermenting liquid is described as following. 
The collected fermenting liquid is centrifuged in a large Vol 
ume, high speed, refrigerated centrifuge (HITACHI 
CR22ETM high speed refrigerated centrifuge) at 8000 rpm, 10 
degree C. for 15 minutes. Supernatant is collected after cen 
trifugation. 
0096 Filtrating supernatant is described as following. The 
supernatant is filtered through 1.2 uM micro filter membrane 
to reduce bio-load. Such as debris of microorganisms and 
large molecules. 
2) PQQ Purification through DEAE (Diethylaminoethyl) 
Column Chromatography 
0097. The following experiments are performed at tem 
perature 20-22 degree C. The isoelectric point of target prod 
uct PQQ is pH 2.75. DEAE (Diethylaminoethyl)-Streamline 
anion exchange column chromatography is used to eliminate 
large amount of unwanted impurity from filtered Supernatant, 
which still has impurity proteins and nucleic acids with 
diverse physical and chemical characteristics. According to 
test experiment result, pH 7.0-8.0 is the right condition for 
isolating PQQ through column chromatography. 
0098. For example, after centrifugation, the process to 
isolate PQQ from 4.5-5.0 L of fermenting supernatant con 
taining PQQ is described as following steps: 
(0099 Step 1: Preparing and Treating DEAE Column for 
DEAE Column Chromatography. 
0100 DEAE-Streamline material (from Amersham Bio 
science) 400 ml is used to fill a size d5.0 cmxheight 30 cm 
DEAE column according to Amersham Bioscience's manual. 
Distilled water is used to wash the column 3 CV (Column 
Volume, which is DEAE column measured from the bottom 
of the column to DEAE surface of the column.), the flow rate 
of the water is 25 ml/minute. 
0101 Step 2: Balancing DEAE Column for DEAE Col 
umn Chromatography. 
0102 Preparing Balancing solution A: 0.1M Tris, pH8.00: 
2 L and Balancing solution B: 20 mM Tris, pH8.00: 5 L 
0103 DEAE column is balanced by Balancing solution A 
5 CV, the flow rate of the balancing solution is 25 ml/minute. 
Then DEAE column is balanced by Balancing solution B 10 
CV, the flow rate of the balancing solution is 25 ml/minute, 
until balancing solution exiting the column has the same 
electrical conductance and pH as that of balancing solution B. 
0104 Step 3: Adding Sample to DEAE Column 
0105. The supernatant sample containing PQQ from cen 
trifuged fermenting liquid 4.5-5.0 L is adjusted to electrical 
conductance 400-500 us/cm, pH7.0-8.0 by using distilled 
water. Then the Supernatant sample is added onto the top of 
the DEAE column. The column flow rate is adjusted to 25 
ml/minute. 
0106 Step 4: Washing the DEAE Column 
0107 DEAE column is washed after the supernatant 
sample is added by Washing solution A: 20 mM Tris, pH8.00, 
1 L, 1-2 CV at the flow rate of the wash solution is 25 
ml/minute, and Washing solution B: 20 mM Tris, 0.2MNaCl, 
pH8.00, 3 L, 5-7CV at the flow rate of the wash solution is 25 
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ml/minute, until washing solution brings PQQ band (which 
has brown-red color) down to the lower 4 column part. 
0108 Step 5: Eluting PQQ 
Prepare Eluting solution: 20 mM Tris, 0.65MNaCl, pH 8.00, 
2 L 
After the column is washed, adding Eluting Solution to the 
column and watching brown-red PQQ band moves down the 
column towards the bottom of the column. From the start of 
PQQ exiting the column, collecting eluted PQQ solution until 
brown-red color disappears from the column. The volume of 
eluted solution with PQQ is recorded. The content of PQQ in 
the eluted solution is tested. The efficacy of DEAE column is 
calculated. 
0109 Step 6: Regenerating the Column 
0110. After the elution, the column is washed with the 
following solutions: 
0111 Washing solution 20 mM Tris, 1.5M NaCl, pH8.00 

is used to wash the column 5 CV at the flow rate of 25 
ml/minute. 
0112 Distilled water is used to wash the column 5 CV at 
the flow rate of 25 ml/minute. 
0113 Washing solution 0.2M HCl is used to wash the 
column 5 CV at the flow rate of 25 ml/minute. 
0114 Distilled water is used to wash the column 5 times 
CV at the flow rate of 25 ml/minute. 
0115 Washing solution 0.5M NaOH is used to wash the 
column 5 CV at the flow rate of 25 ml/minute. 
0116 Distilled water is used to wash the column 5 CV at 
the flow rate of 25 ml/minute. 
0117 Step 7: Preserving the Column 
0118 Preserving solution 20% ethanol is used to wash the 
column 5 CV at the flow rate of 25 ml/minute. 

3) Acid Precipitation and Crystallization for PQQ Purifica 
tion 

0119 The isoelectric point of target product PQQ is pH 
2.75. At 20-25 degree C., in pH 7.0 water solution, the solu 
bility of PQQ is 1-2 mg/ml. The solubility of PQQ will be 
lowered if the temperature and pH values of the solution are 
reduced gradually. Large amount of PQQ will be precipitated 
if the solution is adjusted to pH 2.75, and 98% of PQQ will be 
crystallized if the temperature of the solution is further 
reduced to 2-8 degree C. Therefore, acid precipitation and low 
temperature crystallization is used for PQQ purification. 
Detailed steps are describe as following: 
0120 Step 1: Adjusting the Solution Containing PQQ with 
Acid 
0121 Purified PQQ solution collected from DEAE col 
umn is adjusted to pH 2.75 with 2N HCl, stirred for 10 
minutes. 
0122) Step 2: Crystallization PQQ Under Low Tempera 
ture 

0123 PQQ solution at pH 2.75 is put in a 2-8 degree C. 
refrigerator for 5-7 days till PQQ is crystallized completely. 

4) Collecting Crystallized PQQ 
0.124 All the instruments used in the following steps are 
pre-washed with pH 2.75 HCl water solution cooled to 2-8 
degree C., and kept at 2-8 degree C. before use. 
0125 Step 1: Collecting PQQ 
0126 The Solution containing acid precipitated and crys 

tallized PQQ is centrifuged in a large Volume, high speed, 
refrigerated centrifuge (HITACHI CR22E high speed refrig 
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erated centrifuge) at 10000 rpm, 4 degree C. for 20 minutes. 
PQQ is collected after centrifugation. 
(O127 Step 2: Washing PQQ 
I0128 Collected PQQ is stirred and washed in pH 2.75 HCl 
water Solution pre-cooled to 2-8 degree C. After washing, 
PQQ is centrifuged in a centrifuge (HITACHI CR22E high 
speed refrigerated centrifuge) at 10000 rpm, 4 degree C. for 
20 minutes. Repeat this step 2 times (total washing 3 times). 
Final product PQQ is collected after centrifugation. PQQ 
sample is tested for PQQ concentration and purity. Final 
product PQQ is kept in a negative 80 degree C. freezer for pre 
freezing. 
I0129. Step 3: Frozen PQQ Product 
0.130 Brown-red frozen POQ power is obtained from a 
freezing machine. 
5) Optimizing PQQ Purification Techniques with Ultrafiltra 
tion Cassettes 
I0131 The above described technique produces at least 
85% pure PQQ. However, if the above technique is further 
optimized, better than 98% pure PQQ is produced. 
I0132 Ultrafiltration Cassettes is employed to optimize 
PQQ purification techniques. Analyzing PQQ purified (85% 
pure or better) with the technique disclosed in Process of 
purifying PQQ in Part Two, it is discovered that the PQQ 
powder contains about 14% impurity proteins, with some 
water, NaCl and some unknown ingredients. 
I0133. In order to eliminate impurities eluted PQQ solution 
and obtain pure PQQ powder, the eluted PQQ solution from 
DEAE column is further filtered through 5K/8K/10K/30K/ 
50K Ultrafiltration Cassettes (from MiliporeTM), Ultrafiltra 
tion system (CentramateTM) Tangential Flow Filtration Sys 
tem (from Pall Co.) to eliminate impurity proteins before 
isoelectric point precipitation (acid precipitation) step. Eluted 
PQQ solution is tested for its impurity proteins content before 
and after each step of ultra filtration (from 5K to 8K to 10K to 
3OK to 50K Ultrafiltration Cassettes) by Lowry method, 
which is a protein content test well known in those skilled in 
the art. Table 6 shows the filtrating effects of Ultrafiltration 
Cassettes: 

TABLE 6 

PQQ Concentrations Before and After Filtration 

PQQ concen- PQQ concen- Protein concen- Protein concen 
tration before tration after tration before tration after 
Ultrafiltration Ultrafiltration Ultrafiltration Ultrafiltration 
Cassettes (gil) Cassettes (gil) Cassettes (g/t) Cassettes (gl) 

SK 1.32 1.12 O.84 O.11 
8K 1.32 1.24 O.84 O.13 
1OK 1.32 1.26 O.84 0.37 
3OK 1.32 1.27 O.84 O.42 
SOK 1.32 1.29 O.84 O.45 

I0134. The ultrafiltrating results indicate that using 8 K 
Ultrafiltration Cassette to eliminate impurity proteins in 
eluted PQQ solution will produce 98% pure or better PQQ in 
the following steps of isoelectric point precipitation (acid 
precipitation) and crystallization (low temperature crystalli 
Zation). 
0.135 The alternative way to eliminate impurity proteins is 
ultrafiltrating the supernatant of fermentation liquid before 
purification through DEAE (Diethylaminoethyl) column 
chromatography, using the same Ultrafiltration Cassettes. 
The alternative way to eliminate impurity proteins is ultrafil 
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trating the Supernatant of fermentation liquid before purifica 
tion through DEAE (Diethylaminoethyl) column chromatog 
raphy, using the same Ultrafiltration Cassettes. The same 
purity of 98% PQQ powder is also produced this way. 
0136. The foregoing examples illustrate certain exem 
plary embodiments from which other embodiments, alterna 
tives, variations, and modifications will be apparent to those 
skilled in the art. Accordingly, the invention is intended to 
embrace all other Such alternatives, modifications, and varia 
tions that fall within the spirit and scope of the appended 
claims. 

What is claimed is: 
1. A method for preserving a food product comprising 

admixing an effective amount of purified PQQ or a compound 
containing purified PQQ derivatives with a foodstuff to pro 
vide an inhibiting means to microorganism growth in the food 
product. 

2. The method of claim 1, wherein the inhibiting means 
includes blocking respiration of microorganisms in the food, 
thereby inhibiting metabolism of the microorganisms in the 
food product. 

3. The method of claim 1, wherein the inhibition means 
includes damaging genetic materials of microorganisms 
thereby inhibiting replication of the microorganisms in the 
food product. 

4. The method of claim 1, wherein the foodstuff is dairy 
products, fats, oils, fat emulsions, edible ices including sher 
bet and sorbet, fruits, vegetables, seaweeds, nuts, seeds, con 
fectionery including hard candy, fudge, toffee, Swiss milk 
tablet, chocolate, kopiko, marshmallow, marzipan, divinity, 
pastry, chewing gum, ice cream, halvah and alfajor, cereals, 
cereal products derived from cereal grains, roots, tubers, 
pulses and legumes, bakery wares, meat and meat products 
including poultry and game, fish and fish products including 
mollusks, crustaceans and echinoderms, eggs, egg products, 
Sweeteners including honey, salts, spices, Soups, sauces, sal 
ads, protein products including soybean protein products and 
fermented Soybean products, ready-to-eat savourie, compos 
ite foods, beverages including fruit juice, iced tea, iced coffee, 
cola, ginger beer, tonic water, squash, root beer, lemonade, 
milkshake, cappuccino, coffee, espresso, Frappe, mocha, 
latte, hot chocolate, hot cider, mulled cider, Glühwein, fla 
Vored teas, green tea, pearl milk tea, tea, herbal teas, roasted 
grain beverages, Sodas or alcoholic beverages including cock 
tails, ale, Scotch whisky, rye beer, Rye whisky, corn beer, 
Bourbon whiskey, wheat beer. Wheat whisky, Korn, sake, 
Sonti, makkoli, tuak shochu, Soju, Huangjiu, Baijiu, wine, 
brandy, Cognac, Branntwein, Pisco, cider, apfelwein, apple 
jack, Calvados, lambig, pear brandy, betsa-betsa, rum, 
cachaca, aguardiente, guaro, mescal, plum wine, slivovitz, 
tZuica, palinca, pomace wine, grappa, Trester, marc, Zivania, 
mead, mead brandy, potato beer, Vodka, aquavit, brännvin, 
akvavit, akevitt, brennivín, Poitín, Kumis or Araka. 

5. The method of claim 4, wherein the dairy product is 
processed from milk selected from the group consisting of 
cow’s milk, buffalo's milk, goat's milk and sheep's milk. 

6. The method of claim 4, wherein the dairy product is 
selected from the group consisting of butter, cream, cottage 
cheese, yogurt, kefir, moZZarella cheese, fresh cheese, ripe 
cheese and parmesan cheese. 

7. The method of claim 6, wherein the dairy product is 
milk, milk powder or infant formula milk powder. 

8. The method of claim 1, wherein the purified PQQ or a 
compound containing effective amount of purified PQQ 
derivatives is soluble and blended in the food product. 
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9. The method of claim 1, wherein the purified PQQ or a 
compound containing effective amount of purified PQQ 
derivatives has a concentration from 0.001 mg/L to 10,000 
mg/L. 

10. The method of claim 1, wherein the purified PQQ or a 
compound containing effective amount of purified PQQ 
derivatives has a concentration from 0.1 mg/L to 100 mg/L. 

11. The method of claim 1, wherein the microorganism is 
spoilage and pathogenic bacteria, fungi, yeast and E. coli. 

12. A processed food product comprising: a food portion 
fortified with an effective amount of purified PQQ or a com 
pound containing effective amount of purified PQQ deriva 
tives for preserving the food portion. 

13. The food product of claim 12, wherein said food por 
tion is milk, milk powder or infant formula milk powder. 

14. The food product of claim 12, wherein said purified 
PQQ or a compound containing effective amount of purified 
PQQ derivatives has a concentration from 0.000 1 mg/L to 
100 mg/L. 

15. A method of preparing purified PQQ comprising the 
steps: 

cultivating a strain of bacteria selected from the group 
consisting of Hyphomicrobium strains, methylophage 
thalassica strain and thiobacillus strain in a culture 
medium, inducing bacteria mutation until a lethal rate of 
the bacteria reaches 70%–80%, 

selecting a mutant bacteria Strain which has the highest 
PQQ yield among the survived bacteria strains, 

cultivating the selected mutant bacteria strain, 
collecting Supernatant of the culture medium, 
isolating PQQ from the Supernatant by chromatography, 
purifying PQQ and crystallizing PQQ. 
16. The method of preparing PQQ of claim 15, wherein the 

culture media in the step of cultivating the selected mutant 
bacteria strain is supplied with an element selected from the 
group consisting of tyrosine, glutamine, and Tween 80 to 
increase synthesis yield of PQQ from the cultivated bacteria. 

17. The method of preparing PQQ of claim 16, wherein the 
culture media in the step of cultivating the selected mutant 
bacteria Strain is Supplied with additional carbon Source 
selected from the group consisting of methanol, Sodium 
acetate, glycerol and D-mannitol to increase synthesis yield 
of PQQ from the cultivated bacteria. 

18. The method of preparing PQQ of claim 15, wherein the 
step of inducing bacteria mutation is exposing the bacteria to 
UV light. 

19. The method of preparing PQQ of claim 15, wherein the 
step of inducing bacteria mutation is exposing the bacteria to 
ion beam. 

20. The method of preparing PQQ of claim 15, wherein the 
step of isolating PQQ is running the Supernatant through a 
DEAE Streamline anion exchange column at electrical con 
ductance 400-500 us/cm, pH 7.0-8.0. 

21. The method of preparing PQQ of claim 15, wherein the 
step of purifying PQQ is adjusting the solution eluted from 
chromatography containing PQQ with acid to pH 2.75. 

22. The method of preparing PQQ of claim 21, wherein the 
step of purifying PQQ further comprising the step offiltrating 
PQQ solution eluted from chromatography through 8 K 
Ultrafiltration Cassette to eliminate impurity. 

23. The method of preparing PQQ of claim 15, wherein the 
mutant bacteria strains is selected from the group consisting 
of U-H103, U-MT12, U-T187, E-H177, E-MT145 and 
E-T128. 

24. (canceled) 
25. The method of claim 15, wherein the lethal rate is 75%. 
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