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1
HIGH THROUGHPUT GENETIC SCREENING
OF LIPID AND CHOLESTEROI
PROCESSING USING FLUORESCE
COMPOUNDS

CONTINUING APPLICATION DATA

This application is a continuation of U.S. application Ser.
No. 09/974,550, filed Oct. 10, 2001, which claims benefit
under 37 C.F.R. 119(e) of U.S. provisional patent applica-
tions Ser. No. 60/238,928, filed Oct. 10, 2000, and 60/264,
977 filed Jan. 30, 2001.

GOVERNMENT RIGHTS TO THE INVENTION
The invention was made with government support under

grant F32 NS103265 awarded by the National Institute of
Health. The government has certain rights to the invention.

FIELD OF THE INVENTION

The present invention generally relates to the fields of
biochemistry and pharmacology and to the use of a genetic
model organism labeled with fluorescent lipids to screen for

drugs and genetic alterations related to phospholipid and/or

cholesterol metabolism and, more particularly, to the use of
optically clear zebrafish in conjunction with tagged or
quenched lipids for studying lipid metabolism in vivo.

BACKGROUND OF THE INVENTION

Genetic analysis in zebrafish is a powerful approach for
identifying genes that direct vertebrate development (1-3).
Since the completion of the large-scale chemical mutagenesis
screens in 1997, the phenotypic and molecular characteriza-
tions of many mutations have been reported (4-16). Analyses
of mutations that affect early developmental processes, such
as the specification of the embryonic axes and germ layers,
have been particularly rewarding (7, 10, 17-27). Recently,
related work with mutations that affect organogenesis has led
to the recognition that the zebrafish is an important model
system for biomedical research (28-31). Given the many
aspects of organ physiology that have been conserved during
vertebrate evolution, genetic screening to assay organ func-
tion in the optically transparent zebrafish is a valuable
approach to understanding a variety of metabolic processes
and disorders in vertebrates.

By zebrafish chemical mutagenesis screening, nine reces-
sive lethal mutations that perturb development of the diges-
tive organs were identified (2, 31). Although the mutants were
identified using morphological criteria, their phenotypic
analysis suggests that in some cases the affected genes regu-
late developmental processes that are relevant to digestive
physiology and other aspects of vertebrate metabolism.

Through the analysis of these and other zebrafish mutants,
the limitations inherent to genetic screens that are based
solely on morphological criteria became apparent. First, not
all organs are readily distinguished in zebrafish larvae, and
mutations that perturb organ morphology are often over-
looked. Second, since it is difficult to visualize specific cell
populations within many larval organs, mutations that affect
the development or function of these cells can be overlooked
as well. Third, despite the transparency of the zebrafish larva,
the function of few organs can be effectively assayed by
visual inspection alone.

For these reasons, it was concluded that, in most instances,
morphology-based screens are best suited for the identifica-
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2
tion of genes that regulate specification and patterning of
embryonic structures. By contrast, screens designed to
address biomedical concerns are most effective when they
assay physiological processes directly.

Within the past few years, the discovery and analysis of
zebrafish mutants affecting organogenesis has confirmed an
important role for the zebrafish in biomedical research. The
ability to apply high throughput genetic analyses to vertebrate
organ physiology using this model system is unprecedented
and will undoubtedly, over time, lead to the discovery of
many genes that regulate vertebrate organ development and
physiology. Such zebrafish research will complement
research in other vertebrate model systems.

By conducting a mutagenesis screen using fluorescent lip-

5 ids, an undertaking not feasible with standard zebrafish

screening strategies, the power of high throughput genetic
analysis can be applied to lipid metabolism. This has impor-
tant implications for human diseases such as, but not limited
to, cancer, inflammatory and cardiovascular diseases, and
congenital and acquired diseases of the intestine and liver.
The fluorescent phospholipase A, (PLA,) substrates
described in the present invention are the first prototypes in
this class of reagents. Although lipid metabolism in the diges-
tive tract is complex and involves multiple organs the present
invention discloses a method of assaying this pathway since
gall bladder fluorescence represents one of the last steps in
lipid processing. Because they serve as reporters of lipid
processing, the fluorescently-tagged reagents of the instant
invention provide a sensitive assay for a wide range of diges-
tive developmental and physiological processes including,
but not limited to, swallowing; lipid digestion, absorption,
and transport; esophageal sphincter function; intestinal
motility; organogenesis of the mouth and pharynx, esopha-
gus, intestine, liver, gallbladder and biliary system, and exo-

5 crine pancreas and ducts; and the cellular and molecular

biology of PLA, regulation, polarized transport, and secre-
tion.

Given the shared features of lipid processing in mammals
and teleosts (82, 105), zebrafish mutagenesis screens using
lipid reporters can be used to identify genes with functions
relevant to human lipid metabolism and disease. Moreover,
since both mammals and teleosts metabolize lipids in an
analogous manner, the high throughput screens and fluores-
cent lipids disclosed in the instant invention can be employed
using a variety of vertebrate model systems, including but not
limited to, rodents, amphibia, and fish. The present invention
involves utilizing fluorescent lipids to screen for phenotypes
representing perturbations of lipid processing;: to screen for
mutations of specific genes that lead to disorders of phospho-
lipid and/or cholesterol metabolism; and to screen for com-
pounds designed to treat disorders of phospholipid and/or
cholesterol metabolism, such as, but not limited to cancer,
inflammatory and cardiovascular disease, and congenital and
acquired diseases of the intestine and liver.

ABBREVIATIONS

“PLA,” means “phospholipase A,”

“PLA,” means “phospholipase A~

“PLB” means “phospholipase B”

“PLD” means “phospholipase )"

“PED6” means “N-((6-(2,4-dinitrophenyl)amino)hex-
anoyl)-1-palmitoyl-2-BODIPY-FL-pentanoyl-sn-glycero-3-
phosphoethanolamine”

“hpf” means “hour post-fertilization™

“dpf” means “day post-fertilization”

“FRET” means “fluorescence resonance energy transfer”

©2009 saint island international patent & law offices. All rights reserved.
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3
“PC” means “phosphatidylcholine”
“TLC” means “thin layer chromatography”
“cPLA,” means “cytoplasmic PLA,”
“sPLA,” means “secretory PLA,”
“COX” means “cyclooxygenase”
“APC” means “adenomatous polyposis coli”
“EP” means “early pressure’
“ENU” means “ethylnitrosourea”
“WT” means “wild-type”
“SLR” means “single locus rate”
“IVE” means “in vitro fertilization”
“BAC” means “bacterial artificial chromosome”
“PAC” means “P1-derived artificial chromosome™
“YAC” means “bacterial artificial chromosome™
“SSR” means “simple sequence report”
“CSGE” means “conformation sensitive gel electrophore-
“VLDL” means “very low density lipoprotein”
“EM” means “embryo medium”

“NBD cholesterol” means “nitrobenzoxadiazole choles- 2

erol”
BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1. Schematic of PED6, a quenched PL A, substrate. A.
[he dinitrophenol on the phospholipid headgroup effectively
juenches any emission resulting from excitation at 505 nm of
he BODIPY-labeled acyl chain. B. When the BODIPY-la-
seled acyl chain is liberated by PLA, mediated cleavage, the
juencher is separated from the fluorophore and emission (515
1m) is observed. C. NDB-labeled cholesterol in which the
luorophore replaces the terminal segment of cholesterol’s
ilky] tail.

FIG. 2. Intestinal differentiation in 84 hpf larvae. A. Cross-
iection of posterior intestine. Desmin immunoreactivity of
ntestinal smooth muscle (green) and enteric neurons as indi-
sated by zn6 immunoreactivity (red) demonstrate develop-
nent of the enteric neuromuscular system. B. Transmission
ilectromicrograph showing mature apical junctional com-
slexes in enterocytes in the intestinal epithelium. Arrow
»oints to desmosomes; A: Adherens junction. T: tight junc-
ion. C. Histochemical detection of enterocyte aminopepti-
lase activity (red); anterior intestinal cross section. D. Histo-
ogical detection of goblet cell mucin (purple) in the posterior
ntestine. Also present at this developmental stage, immu-
10reactive pancreatic polypeptide in enteroendocrine cells.

FIG. 3. PEDG: a fluorescent lipid reporter. A. Bright-field
mage of a 5 dpf larva soaked in PED6 (3 ug/ml, 2 hr). B.
“orresponding fluorescent image, with intestinal (arrow) and
rall bladder (arrowhead) labeling. C. Larva soaked in
30DIPY-C5-PC (0.2 ug/ml). In contrast to B, unquenched
Tuorescent lipid labels the pharynx (arrowhead), confirming
hat lipid is swallowed before gall bladder labeling (arrow).

FIG. 4. Rate of fluorescence after PEDG labeling. Larvae
n=5) were placed in medium containing PED6 (0.17 mg/ml)
nd tricaine. Images were captured at various times and fiuo-
escence intensity was determined in specific structures.
Organ fluorescence intensity determined at specific times was
1ormalized to the observed intensity at 45 min. Data are
xpressed as Mean+SEM.

FIG. 5. Lipid processing. A. and B. Atorvastatin (ATR)
nhibits processing of PED6 (A) but not of BODIPY-FL-C5
Molecular Probes). B. Larvae were bathed in fluorophore
0.6 uM) in the presence or absence of atorvastatin (Lipitor
ablet suspension containing 1 mg/ml) (arrowhead, gall blad-
ler). C. Mouse digestive organs. D. Gall bladder fluorescence
iter processing (t=30 min) of PED6 (1 ug), administered by
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gavage. Symbols: gb, ball bladder; d, common bile duct; Iv,
liver. Scale bars, 1.0 mm (C and D), 200 um (other images).

FIG. 6. BODIPY FR-PC reveals both the substrate and
PLA, cleavage product. Upon integration into cells, excita-
tion at 505 nm results in an emission at 568 nm (orange) due
to fluorescence resonance energy transfer (FRET). After
cleavage by PLA, emission is observed only at 515 nm
(green).

FIG. 7. Fluorescence emission spectrum of mixed micelles
0f0.05 mol % BODIPY FR-PC in mixed-lipid vesicles. The
fluorescence emission spectrum of BODIPY FR-PC (0.5 uM
in ethanol; excitation, 505 nm) showed peaks at 514 nm and
568 nm with a ratio of 1.0 indicating FRET. An excitation
scan (emission, 568 nm) showed peaks at 507 and 560 nm
with a ratio (507/560) of 1.2. Solid line: before addition of
PLA,. Dashed line: after addition of N. naja PLA,. Vesicles
were prepared by sonication of the dried lipids (from chloro-
form-methanol solution); 1.1 uM BODIPY FR-PC (0.05 mol
%), 0.1 mM dimyristoylphosphatidycholine (46 mol %), 0.12
mM ditetradecylphospha-tidylmethanol (54 mol %), buffer
(50 mM Tris, pH 8, 100 mM NaCl, 1 mM CaCl,); excitation,
505 nm.

FIG. 8. BODIPY FR-PC is effective in paramecium. Para-
mecium incubated (1 hr) in BODIPY FR-PC (2.5 ug/ml)
results in labeling of lipid droplets (orange). Digestion of the
lipid results in green fluorescence. Excitation 505 nm, emis-
sion LP520.

FIG. 9. BODIPY FR-PC localizes to the intestinal epithe-
lium. Fish were incubated (1-4 hr) in BODIPY FR-PC (2.5
ug/ml). BODIPY FR-PC metabolites are observed in gall
bladder (green). Excitation 505 nm, mission LP520. A.
Brightfield image. B. and C. Visualization of antigen present-
ing enterocytes in segment II of the larval zebrafish intestine
after only 1 hr of labeling. Arrows mark segment IT domain.

5 D. 4 hrlabeling with BODIPY FR-PC results in FRET effect

throughout intestine.

FIG. 10. Lipid processing in intestinal mutants. A and C.
Bright field images of 5 dpf mlt and pie larvae. B and D.
Fluorescent images corresponding to A and C. Normal lipid
processing of PED6 (0.3 ug/ml, 2 hr) in mlt larva (arrowhead
marks gallbladder). D and E. Abnormal lipid processing in
PEDG labeled pie and slj larvae; fluorescence is present in the
intestinal lumen (white arrowhead) and reduced in the gall-
bladder (red arrowhead).

FIG. 11. Phospholipid processing and transport. A. Fol-
lowing uptake, PEDG is cleaved by PLA, liberating a labeled
fatty acid. The fate and transport of this fatty acid remains
unknown. B. TLC of fluorescent lipid standards. PED6 (black
because it is quenched), D3803 (C5-BODIPY PC), and
C5-fatty acid are easily resolved using a two solvent system
silica gel plates (Whatman, LK5D). Solvent 1 (toluene, ether,
ethanol, acetic acid; 25/15/2/0.2); Solvent 2 (chloroform,
methanol, acetic acid, water; 25/15/4/2).

FIG. 12. Red BODIPY-PC given by gavage labels the gall
bladder. Adult fish was anesthetized in tricaine, injected with
80 ug of D3806 (a BODIPY PC 582/593 nm), allowed to
recover for 1 hr and dissected on ice.

FIG. 13. Larval zebrafish (5 dpf) labeled with NDB cho-
lesterol—derivative labels gall bladder within 30 minutes of

0 ingestion (3 ug/ml, solubilized with fish bile).

DETAILED DESCRIPTION

The present invention relates to a mutagenesis screen to
identify genes that regulate lipid metabolism using fluores-
cently-tagged or quenched lipids such as cholesterol or lipids
that are substrates for phospholipases such as PLA,. For
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1. A method of assaying lipid or cholesterol metabolism, or

a combination thereof, in a vertebrate’s digestive system by a
high through-put assay in a teleost. the method comprising:
providing fluorescently labeled , quenched or unquenched
lipid reporters, wherein fluorescent moieties are
covalently linked to the lipid and/or cholesterol being
assayed, such that the resulting lipid reporters are
absorbed by the vertebrate’s digestive system or func-
tion as substrates for target enzymes in the vertebrate’s
digestive system:
bathing the teleosts in media comprising the labeled lipid
reporters, such that the lipid reporters are ingested by the
teleost into its digestive system:

screening for and detecting accumulated fluorescence in

digestive organs of the teleost as an indicator of meta-
bolic processing or uptake of the lipid reporter in the
digestive system: and

quantifying the amount and rate of fluorescence from the

processed or unprocessed fluorescently labeled lipid
reporters in the digestive organs of the teleost, providing
a high through-put readout of digestive organ function,
physiology of the digestive system and organs, and
metabolic lipid processing.

2. The method of claim 1, wherein the fluorescently labeled
lipid reporters are selected from phospholipase A,(PLA,)
substrates.

3. The method of claim 1, wherein the fluorescently labeled
lipid reporters are selected from the group consisting of
quenched or unquenched fluorescent phosphatidyleholine
(PC) analogues, and quenched or unquenched fluorescent
fatty acids.

4. The method of claim 3, wherein the quenched PC ana-
logue is PED6.

5. The method of claim 1, wherein the lipid reporters are
NBD-labeled cholesterols.

6. The method of claim 1 wherein the teleost is an intact
viable zebrafish.

7. The method of claim 6, wherein the zebrafish is a
zebrafish larvae, embryo or adult.

8. The method of claim 1, comprising detecting the pro-
cessed or unprocessed fluorescently labeled lipid reporters in
the teleost’s stomach,. intestine, liver, pancreas, biliary tract
or gall bladder. or combinations thereof.

9. The method of claim 8, comprising quantifying the
resulting fluorescence in the stomach, intestine, liver, pan-
creas, biliary tract or gall bladder of the teleost.

10. The method of claim 1, wherein quantifying the result-
ing fluorescence in the digestive organs of the teleost from
digestive processing or uptake of the fluorescently labeled
lipid reporters comprises a high-through-put screen for the
effects of perturbing lipid processing of the teleost.

11. The method of claim 10, wherein the effect of perturb-
ing lipid processing or uptake in the teleost digestive system
is visualized as organ-specific, accumulated fluorescence in
the teleost’s stomach, intestine, liver, pancreas, biliary tractor
gall bladder, or combinations thereof.

12. The method of claim 10, further comprising applying
the findings in the teleost regarding the effects of perturbing
the lipid processing or uptake to higher level vertebrates and
humans.

13. The method of claim 1, wherein quantifying the result-
ing fluorescence in the digestive organs of the teleost from
digestive processing or uptake of the fluorescently labeled
lipid reporters comprises a high-through-put screen for deter-
mining mutations of specific genes that lead to or result in
disorders of lipid or cholesterol metabolism of the teleost.

b Al

J

©2009 saint island international patent & law offices. All rights reserved.

19



BFUR -1 125 B

bW K B o

it IR &
xi
B REHA (8 o B4R T a6 A 143 L ahL

©2009 saint island international patent & law offices. All rights reserved

20



A R H

il A B

S ES LD

©2009 saint island international patent & law offices. All rights reserved.

21



£ P & AR




“L 4% F5{(Prior Art)

m U F R T e El R R A AR T & ke
BN

R LRV eI

m IDS
(Information Disclosure Statement)

©2009 saint island international patent & law offices. All rights reserved.

23



B PEAE A P s b PR L RS A
o 2 &R Rk en

B AP L PR 2 )

©2009 saint island international patent & law offices. All rights reserved.

24



Hikg 1 2 (Example)(1)

m HOW TO MAKE AND HOW TO USE

PR Y Gt amEAle KRB kR 2R

m T HRSE g E B

n EF RN /S AR &

©2009 saint island international patent & law offices. All rights reserved.

25



US 20060024827 Al-3¢

a9y United States

||||

FIEJF[ Fl !

12 Patent Application Publication o) Pub. No.: US 2006/0024827 Al

Hwang et al.

(43) Pub. Date: Feb. 2, 2006

(5 STROMA-FREE, SERUM-FREE, AND
CHEMICALLY DEFINED MEDIUM AND
METHOD FOR EX VIVO MONONUCLEAR

L EXPANSION USING THE SA

(75) Inventors: Shiaw-Min Hwang, Hsinchu City
(TW); Chao-Ling Yao, Tainan City
(TW); Tzu-Bou Hsieh, Hsinchu City
(TW); I-Ming Chu, Hsinchu City (TW)

Correspondence Address:

THOMAS, KAYDEN, HORSTEMEYER &

RISLEY, LLP

100 GALLERIA PARKWAY, NW

STE 1750

ATLANTA, GA 30339-5948 (US)
(73) Assignee: Food Industry Research & Develop-
ment Institute

(21) Appl. No.:  11/192,960

(22) Filed: Jul. 29, 2005
Related U.S. Application Data

(60) Provisional application No. 60/592,042, filed on Jul.
29, 2004.

Publication Classification

(51) Int.CL

CI2N 5/02 (2006.01)
(52)  U.S. CL oo 435/406
(57) ABSTRACT

A stroma-free, serum-free, and chemically defined medium
and a method for mononuclear cell expansion ex vivo using
the same. An exemplary medium includes a basal medium,
a serum substitute, and a cytokine formula.

©2009 saint island international patent & law offices. All rights reserved.

26



US 20060024827 A1-81 %5 5]

m Characteristics of the MNC Isolation From
UCB

m Serum Substitutes Screening
m Cytokines Screening

m Comparison of Different Basal Media and
Commercial Media

27
©2009 saint island international patent & law offices. All rights reserved.



US 7244425-3 V]

a2 United States Patent

Liu et al.

»

Hil
TEE!

(10) Patent No.:
45) Date of Patent:

—m{|i]]

US 7,244,425 B2
Jul. 17, 2007

ACID- AND BILE SALT-RESISTANT
LACTOBACILLUS ISOLATES HAVING THE
ABILITY TO LOWER AND ASSIMILATE

(75) i, "hu (TW); Chin-Chu
Yu, Kaohsiung (TW); Ching-Fen Tan,
Hsin-Chu (TW); Chii-Cherng Liao,
Hsin-Chu (TW)

(73) Assignee: Food Industry Research and

Development Institute, Hsin-Chu (TW)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

G. H. Fleet et al. “Evolution of Yeasts and TLactic Acid Bacteria
During Fermentation and Storage of Bordeau Wines”. Applied and
Environmental Microbiology 48:1034-1038, Nov. 1984,

S. E. Gilliland et al. “Assimilation of Cholesterol by Lastobacillus
acidophilus ”. Applied and Environmental Microbiology 49(2):377-
381, Feb. 1985.

S. W. Gilliland et al. “Factors to Consider When Selecting a Culture
of Lactobacillus acidophilus as a Dietary Adjunct to Produce a
Hypocholesterolemic FEffect in Humans”. Journal Series of the
Oklahoma Agriculture Experiment Station, Stillwater, OK, Paper
No. 5596, Sep. 25, 1989.

K. K. Grunewald. “Serum Cholesterol Levels in Rats Fed Skim
Milk Fermented by Lactobacillus Acidophilus . Journal of Food
Science 47:2078-2079, 1982.

L. L. Rudel et al. “Determination of cholesterol using
o-phthalaldehyde”. Journal of Lipid Research 14:364-366, 1973.
M. G. O’Sullivan et al. “Probiotic bacteria: myth or reality?”” Trends

ten Tand Crlnwnn O Thanlaw alame, 22200 31 A4 THhan iNaTatal

©2009 saint island international patent & law offices. All rights reserved.



US 7244425-81 457

m [solation and Screening of Lactobacillus
Isolates

m Acid Tolerance Test
m Bile Salt Tolerance Test

m Assay for the Ability of the Tested
Bacterial Strains in Lowering Cholesterol

m Identification and Characterization of
Lactobacillus Isolates

29
©2009 saint island international patent & law offices. All rights reserved.



“(Example)(2)

==
-

g

=l

ot
mls
Ty m
e i
R sl
,‘,% DD

AP Sl ARAE:

30

©2009 saint island international patent & law offices. All rights reserved.



Bikg 1 74 (Example)(3)

A - A s ”“Eﬁii’m}* B
;—.ﬁrwpm;}gr bl §4 B4 30 B

©2009 saint island international patent & law offices. All rights reserved.

31



B AR ATAE T

32
©2009 saint island international patent & law offices. All rights reserved.



il

B AR 3T e w e L B

] ”ﬁ ‘;X-J'J N ;}i/{hm*}‘,{i{’”"r Hibi e 1L '}

©2009 saint island international patent & law offices. All rights reserved.

33



H IH‘EPEJJ I E(2)

B v ’EL- «} ?‘7]—;]'—’37’ '\4
D) e WAL S ]

m B e B e A

34
©2009 saint island international patent & law offices. All rights reserved.



©2009 saint island international patent & law offices. All rights reserved.

35



m i 4539 (transition)

m 33 %2 (body of claim)

©2009 saint island international patent & law offices. All rights reserved.

36



/4
mnf

‘Illl~l
e,

15 RV

Rt F R R

(comprising, containing, including)

m Rl dR A Y LRGR

(consisting essentially of ...... )

PR D L. LN
(consisting of ...... )

©2009 saint island international patent & law offices. All rights reserved.

37



¢ AR A1 R A5)

m TW 1241912
E—)ﬁ b2 9 29 e (L PE rz]ﬁg,;; 4 m?’?;r? mﬂ'f& ]

7

PE T FU 4 ];](Lactobac‘lllus) / BLFR

G E RS Rl f -
bet b 4 B F 1T 0 g 7
(Lactobacillus sp.)Z_ % 3tk o

2 4237
Hoa Ay

©2009 saint island international patent & law offices. All rights reserved.

38



{1 B e, 430 3)
= TW 272912
483 P 5 F SRR M IR 0 L S

L= 87§ o F 2 R A e pbr gl 2 el 2 2 A A J g

(DEF - s =W EFES 2 RS, IR Y B E o
Ediaoh

@#H FH()? ams R B £ AL £ PR R T e 7R
F

B)ie— 4% B RALS 2 BRI T F 0.2 BF R i 4
0.1-1.0%(W/w) i 3% fisrd %

(4)>03%2 % P F fez2 3 pEpE R i£3-10) P s ¥

5 =
P

‘@ Fse!
N

39
©2009 saint island international patent & law offices. All rights reserved.



Ak o A

m % 3 (preamble)

=l I»l

—iRe s i genh s B sk 3 2 A

(element)

m 33 8 (body of claim)

—ZE PPt el 5 2 i

T~

©2009 saint island international patent & law offices. All rights reserved.

40



m TW 288779 £ 8 3k Kihz 532 & 0@ 47
Uit iR e 2 ;EL fﬂ%gﬁ ik

o ] ,z): AKHE PRz B3 AT el bigmre 2 3
=B e

@@Aﬁiﬁﬂﬁﬁﬁﬁﬁ;

b)E Prok k- i m e KA HA AR TF we £ FS

M-CSF;

QE I SN I F AN S E - F7 I3 %
204

Dfd PR AT Sdtmie,n FAESEQGS AT T

i mRE o

w3
FFi
©2009 saint island international patent & law offices. All rights reserved.

41



e B UF 2 ke VEaE
m TW 1274074
‘4‘ /]?—]7}%: ‘ZB? /ﬁ‘ﬂx 5%1\112

L~ A8 PSR PR G g 2 2 0 e b0 AR iR/
BT IE) R /ﬁﬁ: kR R AvIVO;le P fe4c BREALE 2 A vR
L }3 Jrrd 7 ;F,w;m,l b A o

\v
=il H'

42
©2009 saint island international patent & law offices. All rights reserved.



g RVl

mH = T

-1 T - ff......(AlAn.....) | 5 B
—- BYFERTIUG - BB

BT
—> AT AR ke FIE IR B 2 ¥ HEan
—>K"l K/g\ i‘a%ti}iﬁm‘«f‘h (1E. EKQA{E\‘&%%\Z £k ,\4_@ &

©2009 saint island international patent & law offices. All rights reserved.

43



p

I S R

f

—
L

~

|

<
-\ju‘,

M EGE o i
We claim:

1. A method of assaying lipid or cholesterol metabolism, or
a combination thereof, in a vertebrate’s digestivesysicm by
high through-put assay in a teleost. the method comprising;:

providing fluorescently labeled , quenched or unquenched

lipid reporters, wherein fluorescent moieties are
covalently linked to the lipid and/or cholesterol being
assayed, such that the resulting lipid reporters are
absorbed by the vertebrate’s digestive system or func-
tion as substrates for target enzymes in the vertebrate’s
digestive system:

bathing the teleosts in media comprising the labeled lipid

reporters, such that the lipid reporters are ingested by the
teleost into its digestive system:

screening for and detecting accumulated fluorescence in

digestive organs of the teleost as an indicator of meta-
bolic processing or uptake of the lipid reporter in the
digestive system: and

quantifying the amount and rate of fluorescence from the

processed or unprocessed fluorescently labeled lipid
reporters in the digestive organs of the teleost, providing
a high through-put readout of digestive organ function,
physiology of the digestive system and organs, and

: metabolic lipid processing.
©2009 saint 1Isiana international patent & 1aw orrices. Al rights reserved.




ik

| ==l

A

55=

210l [

r

= - EI(1)

3

2. The method of claim 1, wherein the fluorescently labeled

lipid reporters are selected from phospholipase A,(PLA.,)

substrates.
- +

©2009 saint island international patent & law offices. All rights reserved.

Claim 2
;_«'L'rik‘. P\ ;

45



Claim 1

©2009 saint island international patent & law offices. All rights reserved.



&
=il

=)

i BRI

6. The method of claim 1 wherein the teleost 1s an intact

viable zebrafish.
7. The method of claim 6, ‘wherein the zebrafish i1s a

zebrafish larvae, embryo or adult.
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