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Homo

Fig. Multiple captures of syncytin genes across evolution and diversity of placental structures in mammals. The phylogenetic
tree of mammalian evolution shows the ftime of insertion of the six syncytin genes identified to date (middle). Roman figures
indicate the four major eutherian clades: Afrotheria (I), Xenarthra (IT), Euarchontoglires (IIT) and Laurasiatheria (IV). At
this time, syncytins have been identified in the Euarchontoglires (primates, muroids and leporids) and Laurasiatheria
(carnivores) classes. Capture of varied syncytins with differing properties and expression sites could explain the observed
diversity of placenta organization among mammalian species. The right panel shows a schematic representation of the
materno-fetal interface in the four main types of placental structures. Placental types are classified in order of increasing

invasive properties and extent of syncytialization. Dupressoir et al., Placenta 33:663-671 (2012)
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Tomi et al., J Pharm Scr100:3708-3718 (2011).
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Fetal drug transfer mechanisms across
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Cx26(-/-)
embryos

Fig. Uptake of 3-O-[*C]methyl-
D-glucose into whole embryos at
day 10 pc from maternal blood

across the placenta

Decreased accumulation of radioactivity
BX, EHAFOZ[62(8), 1041-1046 (2013).  was measured in  homozygous Cx26-

defective embryos compared with
heterozygous and wild-type embryos.

Gabriel et al., J Cell Bio/ 140:1453-1461 (1998).

Glucose transfer mechanisms across
the rodent placenta
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1) FRERVERUEBIZH T 5FE = D fiZEA

1. Inject the bolus containing the compound
of interest and antipyrine (reference
compound) into the abdominal aorta of
the pregnant rat (6D19) under anesthesia

2. Isolate the fetus at cervical end
10 seconds after the injection
Measure the radioactivity

Ovarian

end 4. Calculate the uptake ratio to antipyrine
(reference compounds)
Abdominal aorta § FUI = [Tes‘l']/[ar.rl'lp).'r'me](dpn:\,fe?us)
= [test]/[antipyrine](dpm,injectate)
FUI ; fetal uptake index
Cervical
end

Experimental method for evaluation of the
maternofetal transfer across the rat placenta




1) FRERVERUEBIZH T 5FE = D fiZEA

Q,: 500 pL/min Syringe dr'iver',-\

@)D

\ Concentration: [a]

Placenta

. Ovary
Ovarian

end

\2 Sampling Concentration: [v]

Catheterize the umbilical artery and vein

Perfuse test compounds and sample the perfusate
Measure the radioactivity

Calculate the clearance from fetus to mother

clm ="My o
[a]

Experimental method for evaluation of the
fetomaternal transfer across the rat placenta -

Cervical
end

Hwrh =
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500 -
1. glibenclamide
1 2. verapamil
450 - 2 3. vinblastine
O o
- 4. quinidine
400_ 5. ewthromycin
4 6. diazepam
e 1 7. phenytoin
-g 350 g %3 8. tolbutamide
@ - / %ﬁ 9. daunomycin
u . .
& 3004 [EEMEEINICES L 10. plavasiain
o i / 11 11. digoxin
~ ?'E 'EJ |£EJ:9'+ / 12. atorvastatin
c 250+ / 12 8 13. mitoxantrone
= - / T - 14. antipyrine
~ 200- 15. AZT
/ 14 -
— O 16. theophylline
= . :
- / 18 §10 17. caffeine
£ 150+ / 18. rosuvastatin
~J e / — 43 5 19. pravastatin
O 1005523 1Sd 3 § 20. methotrexate
. 16 21. PAH
I 7 22 inulin
50- 21 - dg 23. betaine
Q22
0 T T T T | T T T T 1

6 -5 -4 3 2 -1 0 1 2 3 4
Log (P/MW '3

B FREBRHSBEORBEBIE L OMEIHE

Nishimura et al., J Pharm Sci, 102:3356-63 (2013).
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Placenta

Mince and Homogenization

Homogenate

Centrifugation at 800 g

Pellet Supernatant
Homogenization

Homogenate

Centrifugation
at 10,000 g

Pellet Supernatant

Centrifugation at 110,000 g

Pellet Supernatant

Re-suspend

Homogenate

Mg?*-precipitation, 2min
Centrifugation at 2,500 g

Pellet Supernatant
Re-suspend Centrifugation at 110,000 g
BLM BBM | [fll F#& &
(BHAED)

Sucrose density
gradient centrifugation

Purified BLM
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2) BBINSVAR—2—RBEICHITHEEDREH

4 N
Human RINCRF- 0

Brush-Border membrane
(BBM; Maternal side)

TFILA) D+
RI775—E€

MDR1 BCRP

OAT4 AscT2 BR®R
Basolateral membrane
(BLM; Fetal side)

Dihydroalprenolol
(DHA; B blocker)

m . OAT4/SLC22A11
- *"‘ -
ASCT2/SLC1A5
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1,20 DHA binding activity (%)
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3) IREEFS U RAR—S—HREICH 1T HEE DfZHA

['“C]betaine uptake
(uL / mg protein )
o
T
['“C]betaine uptake
( pL / mg protein )

hSNAT1,

50- hSNAT4,
mock .
O L | ! | L | L | ! |
0 2 4 6 8 10
Time (min)
EME  SNAT2/SLC38A2

/5=

& @Q@}% @\4{@% @@%
SNAT2Z N LTI=Ra A 5 iE

250+

200+

150

100-

950+

rSNAT2

rSNATL,
rSNAT4,
mock |

T W

I I | I | T | ! |

2 4 6 8 10
Time (min)

Betaine 15
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200

BE-lRR AR

50

Trans-placental permeability
(% of antipyrine)
S
2

Antipyrine Zidovudine Digoxin

BHA-lR R AR ERR-BAHA

Glyburide  Betaine  Inulin

Al D R FE B TE D LR

&£, Drug Delivery System 28(4) (2013).
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Yao et al., Molecular Membrane Biology 18:161-167 (2001)
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NH,

K i?)b?KﬁE’/Z?'f‘/*ﬁ‘%W/

NH,
AFJILIKER L-SRTAY

L-Type amino acid transporter

> LATEZOILATIRUTILAT2IZx 3K, {E (LA DER

L-AAf> Y 18=£3 uM 1192£33 uM
AFILIKERETAR 98+8 uMm 64+8 uM Cell
L RTAY — 109 uM
Kanai et al, J Biol Chem, 273, 23629-23632 (1998),
Seqgawa et al., J Biol Chem, 274, 19745-19751(1999). 22

Simmons-Willis et al., Biochem J, 367, 239-246 (2002).
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Roles of betaine

Osmotic regulation

Hypertonicity

Apoptosis

-

O
— @)

CHs
@

Hc—NcH,co0” | Source of methyl
s groups

B12, vitamin B-12 (cobalamin); BHMT, betaine homocysteine
methyltransferase; DMG, dimethylglycine; MS, methionine synthase;
MTHFR, methylenetetrahydrofolate reductase;

SAH, S-adenosylhomocysteine;

SAM, S-Adenosyl-methionine; THF, tetrahydrofolate;

CH3-THF, 5-methyltetrahydrofolate.
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0] o) 10 15

Time (min)
Effect of osmotic stress on [14C]betaine uptake
by the rat placental TR-TBT 18d-1 cell line

[14C]Betaine : 3 yM. Mean = S.E.M. (n = 3-4). Uptake at 37°C in the presence of an inwardly directed Na*gradient. ¢
A statistically significant difference is indicated by an asterisk * (p < 0.05). Nishimura et al., Placenta: 1003-1009 (2010).




Hypertonic

Isotonic condition condition

A A
Y

2

BGT1
substrate

System A
substrate

substrate

BGT1
substrate

Betaine MeAIB Betaine MeAIB GABA
GABA

Effect of inhibitors on osmosensitive [14C]betaine
uptake by the rat placental TR-TBT 18d-1 cell line

TR-TBT 18d-1 cells were cultured in isotonic (300mOsm/kg) or hypertonic (500mOsm/kg) medium .
Uptake in the absence and presence of inhibitors. [1*C]betaine : 3 uM. Mean = S.E.M. (n = 3-4). * p< 0.05 vs control.
Nishimura et al., Placenta: 1003-1009 (2010). 27




System A

Protein name SNAT1 SNAT2 SNAT4

Human gene SLC38A1 SLC38A2 SLC38A4

name

Former ATA1 ATA2 ATA3

aliases

Predominan‘r Glutamine, Alanine Alanine, Asparagine Alanine, Asparagine,
Asparagine,Cysteine | Cysteine,Glutamine, Cysteine,Glycine,Serine

substrates Histidine,Serine Glycine,Histidine, Methionine | Threonine, Arginine,Lysine

Proline, Serine

Tissue Brain,Heart, Widespread Liver,Placenta

distribution Placenta (including placenta)

K., value 0.89mM 0.39mM 6.7mM

for MeAIB

MeAIB : methylaminoisobutyric acid

Mackenzie and Erickson, Pflugers Arch, 447, 784-795 (2004).

Hatanaka et al., Biochim Biophys Acta, 1510,10-17 (2001).
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Isotonic condition Hypertonic condition

Western blot analysis :
Protein was extracted
from TR-TBT 18d-1 cells
and expression of SNAT2
was analyzed by using an
anti-SNAT2 antibody
Immunocytochemical
analysis : Magnification
x600. Bars=10 pym.

Induction of SNAT2 protein by hypertonicity
in TR-TBT 18d-1 cells *
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