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CLAIMS

A method for detecting brown adipose tissues (BAT) activation and/or browning of

white adipose tissues (WAT) to BAT in a subject, wherein the method comprises:

a.

b.

2.

obtaining a first blood sample from the subject;

determining a baseline level of methylene tetrahydrofolate dehydrogenase 1-like
(MTHFDI1L) protein in the first blood sample;

exposing the subject to a stimulation;

obtaining a second blood sample from the subject after the stimulation; and

measuring a post-stimulation level of MTHFDI1L protein in the second blood sample;
el. if the post-stimulation level of MTHFDIL protein is higher than the baseline
level of MTHFDIL protein, determining presence of BAT activation and/or browning
of WAT to BAT in the subject, or

e2. if the post-stimulation level of MTHFDI1L protein is the same or lower than the
baseline level of MTHFDIL protein, determining absence of BAT activation and/or

browning of WAT to BAT in the subject.

A method for detecting brown adipose tissues (BAT) activation and/or browning of

white adipose tissues (WAT) to BAT in a subject, wherein the method comprises:

a.

determining a baseline level of methylene tetrahydrofolate dehydrogenase 1-like
(MTHFDIL) protein in a first blood sample obtained from the subject;

measuring a post-stimulation level of MTHFDI1L protein in a second blood sample
obtained from the subject after the subject has been exposed to a stimulation; and

bl. if the post-stimulation level of MTHFDIL protein is higher than the baseline
level of MTHFDIL protein, determining presence of BAT activation and/or browning
of WAT to BAT in the subject, or

b2. if the post-stimulation level of MTHFDI1L protein is the same or lower than the
baseline level of MTHFDIL protein, determining absence of BAT activation and/or

browning of WAT to BAT in the subject.

The method of claim 1 or 2, wherein the blood sample is plasma, serum, or whole blood.
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4. The method of any one of claims 1 to 3, wherein the subject is a mammal.
5. The method of claim 4, wherein the mammal is a human or a rat.
6. The method any one of claims 1 to 5, wherein the stimulation is a stimulation or a

combination of stimulations that results in BAT activation and/or browning of WAT to BAT.

7. The method of claim 6, wherein the stimulation that results in BAT activation and/or

browning of WAT to BAT is capsinoid stimulation, cold stimulation, and/or hyperthyroid

treatment.

8. A qualitative BAT activity test kit for detecting brown adipose tissues (BAT) activation

and/or browning of white adipose tissues (WAT) to BAT in a subject according to the method

of any one of claims 1 to 7, wherein the qualitative BAT activity test kit comprising:

- atest strip A made from porous material allowing for capillary flow of a buffer,

O

and

wherein the test strip A comprises a sample receiving region A and an active
reagents region A,

wherein the active reagents region A is located downstream of the sample
receiving region A,

wherein the active reagents region A comprises one or more active reagents
capable of a visually detectable change in the presence of MTHFDIL protein,
and

wherein the sample receiving region A is for application of a blood sample

obtained from a subject prior to a stimulation,

- atest strip B made from porous material allowing for capillary flow of a buffer,

©]

wherein the test strip B comprises a sample receiving region B and an active
reagents region B,

wherein the active reagents region B is located downstream of the sample
receiving area B,

wherein the active reagents region B comprises one or more active reagents

capable of a visually detectable change in the presence of MTHFDI1L protein,
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and
o wherein the sample receiving region B is for application of a blood sample
obtained from a subject after a stimulation,

wherein when the blood sample obtained from a subject prior to a stimulation and/or the blood
sample obtained from a subject after a stimulation comprises MTHFD1L protein, the buffer is
capable of dissolving said MTHFDI1L protein,
wherein if the buffer comprises dissolved MTHFDI1L protein, the dissolved MTHFD 1L protein
catalyzes a chemical reaction on the one or more active reagents capable of a visually detectable
change in the presence of MTHFD1L protein thereby resulting in a visually detectable change
in the active reagent region A and/or the active reagent region B which indicates the presence

of MTHFD1L protein in the blood sample.

9. The qualitative BAT activity test kit of claim 8, wherein the visually detectable change

is a color change.

10. The qualitative BAT activity test kit of claim 8 or 9, wherein the active reagents capable
of a visually detectable change in the presence of MTHFDIL protein are tetrahydrofolate
(THF), adenosine triphosphate (ATP), formate, formyltetrahydrofolate dehydrogenase (FDH),

and ultrasensitive pH colorimetric indicator.

11. The qualitative BAT activity test kit of any one of claims 8 to 10, wherein when the
active reagents capable of a visually detectable change in the presence of MTHFDI1L protein
are tetrahydrofolate (THF), adenosine triphosphate (ATP), formate, formyltetrahydrofolate
dehydrogenase (FDH), and ultrasensitive pH colorimetric indicator, the visually detectable

change is a change from a blue band to a red band.

12. An enzymatic chemistry based quantitative BAT activity test kit for detecting brown
adipose tissues (BAT) activation and/or browning of white adipose tissues (WAT) to BAT in
a subject according to the method of any one of claims 1 to 7, wherein the enzymatic chemistry

based quantitative BAT activity test kit comprises:
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a. a sample collection stick, wherein the sample collection stick comprises one or more
active reagents capable of undergoing an enzymatic reaction in the presence of
MTHEDIL protein,

b. adetector system capable of detecting a product formed by the enzymatic reaction, and

c. amonitoring device capable of determining the level of MTHFD1L in the blood sample

based on the amount of product formed by the enzymatic reaction.

13. The enzymatic chemistry based quantitative BAT activity test kit of claim 12, wherein
the active reagents capable of undergoing enzymatic reaction in the presence of MTHFD1L

protein are tetrahydrofolate (THF), adenosine triphosphate (ATP), and formate.

14. The enzymatic chemistry based quantitative BAT activity test kit of claim 12 or 13,
wherein the detector system capable of detecting a product formed by the enzymatic reaction
is a detector capable of detecting formyl-THF, a colorimetric detector system capable of
detecting CO2, or a sensitive microchip of semi-conductor device capable of detecting a change

of electrical current and voltage generated due to electron transfers of a redox reaction.

15. An antibody based quantitative BAT activity test kit for detecting brown adipose tissues
(BAT) activation and/or browning of white adipose tissues (WAT) to BAT in a subject
according to the method of any one of claims 1 to 7, wherein the quantitative BAT activity test
kit comprises:

a. a sample collection stick, wherein the sample collection stick comprises a capture
antibody capable of binding to MTHFD1L protein and a detection antibody capable of
binding to a capture antibody-MTHFDIL protein complex, wherein the detection
antibody is connected to a tag, wherein the tag is a fluorescent tag capable of emitting
fluorescence in the presence of MTHFDIL protein or a tag capable of undergoing a
color change in the presence of MTHFDI1L protein,
wherein when the tag is a tag capable of undergoing a color change in the presence of
MTHEFDI1L protein, the sample collection stick further comprises a substrate capable of
reacting with the tag,

b. adetector system capable of detecting the fluorescence or the color change formed by

the tag, and
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c. amonitoring device capable of determining the level of MTHFD1L in the blood sample
based on the amount of fluorescence formed by the tag or based on the intensity of color

change formed by the tag.

16. The antibody based quantitative BAT activity test kit of claim 15, wherein the tag
capable of undergoing a color change in the presence of MTHFDIL protein is a horseradish

peroxidase or an alkaline phosphatase.

17. The antibody based quantitative BAT activity test kit of claim 15 or 16, wherein the

substrate capable of reacting with the tag is tetramethylbenzidine (TMB).

18. A method for detecting or monitoring a metabolic disorder or metabolic syndrome that
affect BAT activity in a subject using the method of any one of claims 1 to 7, the qualitative
BAT activity test kit of any one of claims 8 to 11, the enzymatic chemistry based quantitative
BAT activity test kit of any one of claims 12 to 14, and/or the antibody based quantitative BAT

activity test kit of any one of claims 15 to 17.

19. The method of claim 18 wherein the metabolic disorder or metabolic syndrome that
affect BAT activity is selected from the group consisting of thyroid dysfunction, obesity,

diabetes, and pheochromocytoma.

20. A method of discovering a drug, a nutraceutical, and/or a functional food that activate
BAT and/or induce browning of WAT to BAT in a subject using the method of any one of
claims 1 to 7, wherein the stimulation is the drug, the nutraceutical, and/or the functional food;
and

wherein if the post-stimulation level of MTHFD1L protein is higher than the baseline level of
MTHEFDIL protein, determine that the drug, the nutraceutical, and/or the functional food

activates BAT and/or induces browning of WAT to BAT in a subject.



