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The Story Began With an Unrelated Study in 1991
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Amino Acid Concentrations in Sow’s Milk Gln + Glu
—o— RABI+BER
a-c: P<0.01 -3 =& Leucine

—o— JliE R Proline
—A— FEER Lysine
A FEEHBER Arginine

Wu G and Knabe DA (1994) J Nutr 124:415-424
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Synthesis of Arginine from Glutamine in Enterocytes of 2-Day-Old Sow-Reared Pigs
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[Glutamine] in incubation medium (mM)

Wu G and Knabe DA (1995) Am J Physiol 269:R621-629




Dr. Wenbin Tuo |
(Dr. Fuller Bazer i+ 5) (BT A 27 L #0)

Dr. Fuller Bazer

Postdoc Fellow of Dr. Fuller Bazer (Distinguished Professor of

ﬁiﬁ@ﬂpgﬁﬂﬁﬁéﬁﬁé Reproductive Biology)

My Classmate at CAU
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On a Saturday morning in 1993, Dr. Tuo asked me an important question: “Can
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the Fetus Synthesize Arginine?”
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Discovery of Unusual Abundance of Arginine in Porcine Allantoic Fluid

JORFUR B R R SR IRIK

(4 - 6 mM) Concentrations (4 - 6 mM)
of arginine and ornithine on Day 40

a-d: P<0.01

Ornithine
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Day of gestation

B MR AR ERIKRE = 0.1 mM

Maternal Plasma [Arginine] = 0.1 mM

30 35

RBRRMN S IRIFEFE (40 — 50%)
Abundance (40 — 50%) of arginine and
ornithine nitrogen

a-d: P<0.01
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Wu, Bazer, Tuo, and Flynn (1996) Bio Reprod 54:1261-1265
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What is the physiological significance for the
unusual abundance of the arginine family

In the mammalian conceptus?



Arginine ; \ NO + f[&%‘@ Citrulline

NADPH + H* NADP*

BH,, VU A YIHERS  tetrahydrobiopterin
NO, —% M Z nitric oxide

NOS, —H&AMNZE & 3 nitric oxide synthase
(Ca?*, Calmodulin, FAD, FMN)

Palmer et al. (1988) Nature 333: 664-666
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—SHFHAIYER Roles of NO

ax )5‘2 Angiogenesis

FIH Ziﬁ‘ Embryogenesis

;JT‘%?‘CU Vasodilator

Neurotransmitter

Signaling molecule

Mediator of the immune response

ﬁ%ﬁ%ﬁﬁ? Regulator of hormone secretion
(Bl: REBR, £KEER, AR, i

(e.g., insulin, GH, prolactin, and placental lactogen)

WAELER)

Flynn, Meininger, Haynes, Shi and Wu (2005) Diet and Cell Signaling



o o
o1l (@)

O
N

—EMNWERE K
(nmol/g tissue/h)

o o

N w

O
|

e E T —E R 5

NO synthesis in porcine placentae

a

a-f: P <0.05
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Wu et al. (2005) Biol. Reprod. 72: 842-850.



Wu et al. J Anim Sci 2010
GTP

GTP-%’{{JK%% |  GTP-Cyclohydrolase |

Eﬁ}ﬁ@:ﬁ%@éﬂ% 7,8-Dihydroneopterin triphosphate
' 6- 7 FRISE DU SRS 25 PR

6-Pyruvoyl tetrahydropterin synthase

6-@@@% ﬂ%ﬂ%ﬂé 6-Pyruvoyl tetrahydropterin

l @%ﬂé\iﬁﬁ?ﬁ@ Sepiapterin reductase

L- SRR NOS JRE R

>
L-Arginine (ﬁﬁ@ﬁ@ K =3to0 10 : .
= HUM) Citrulline
(0'5 to 2 mM) (K, for Argirr1nine =3to 10 uM)

fef PR R IRE S AT A H Y SEEER (BHA) RN mEE—F B &K

Arginine Increases NO Synthesis by Enhancing BH4 Availability in Placenta
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What Does Other Roles Arginine PIay In Nutrltlon and Physiology?
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Biochemistry Textbooks: Arginine Is the Precursor of Polyamines.

Eﬁm Arginie

1= EEEE Arginase
2 = SRRREE, WSS HEE , BhE Es

Ornithine Decarboxylase, Spermidine Synthase, and Spermine Synthase

»Eﬁm Ornithine

>§ﬂ§ Polyamines
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L- Arginine
K 4,0

¥ Pig
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Arginase

L- %8 L- Ornithine

JR= Urea / SRR

Spermidine Synthase
S-Adenosylmethionine  S-REEERZR E’%ﬁﬁ.ﬁﬂ%ﬁz/

Jhi R

Mg-PP+P i~

Mg-ATP _/
L-ZEZ BB L-Methionine

S-IREH
HER A

SAMS €O,

CO, Ornithine Decarboxylase

B, JE /% Putrescine
S-BREEES.

PEAM A e P

MTA

WHEfE Spermidine

Mt R AL

SEEREER N oo g
Spermine Synthase

E‘%ﬁﬁﬁﬂ%ﬁ‘/

MTA

I} Spermine

e TR AR

Absence of arginase from the porcine placenta

Wu et al. (2005) Biol Reprod. 72: 842-850



Wu et al. (2005) Biol Reprod 72:842-850
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Proline as a substrate for polyamine synthesis in the porcine placenta

IHE I B - 5- SR R OAT

Pyrroline-5-Carboxylate <€ KT) Eﬁ@ Ornithine

7K H,0 ANEB o RTR ObC

mEmgs | MRE - Glu o aKG

Proline Oxidase Placenta
Y5 O,
Proline

1 &'ﬁ:é’ﬁ%n\ Maternal Tissues
ﬁﬁ@ Arginine

OAT = B ERE&EEEFEETF ornithine aminotransferase
ODC = 5 &R ES ornithine decarboxylase

)@ﬂ% Putrescine

l
Eﬁﬂ%f& Spermidine

ﬂ%ﬂﬁ Spermine
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Proline oxidase (PO), OAT and ODC activities in pig placenta
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Wu et al. (2005) Biol Reprod 72: 842-850.
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Synthesis of polyamines from proline (2 mM) in pig placenta

pmol/g tissue/3 h
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Wu et al. (2005) Biol Reprod 72: 842-850.



¥EE (Bg)L+iadt) HERRIRE

Concentrations of Polyamines in the Porcine Conceptus

a-f: P<0.05
Bt REE
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Wu et al. (2005) Biol Reprod 72: 842-850.



REAHZ Maternal Tissues

l L- SR 1
L'ﬁﬁ‘@ » L-Ornithine <¢—— %ﬁ‘@

L-Arginine
YR / 5
Pig SleceriE C02 Ornithine Decarboxylase
Co, ]ﬁﬁ Putrescine
DCAM
S B EER ) mmmonn
R N\ / Spermidine Synthase
S-Adenosylmethionine SAMD MTA
Mg—PPi+Pi;\ ﬂﬁﬂ%ﬂ?j Spermidine
SMS o MY mans
2 =]
Mg-ATP "/ / Spermine Synthase
L-%ﬁ@ L-Methionine MTA

SAMS, S-Hﬁﬁ%%’ﬁ@?é\ﬁiﬁ S-adenosylmethionine synthetase *%H; Spermine
SAMD, S-Hﬁﬁ%%’ﬁ@?ﬂﬁiﬁ S-adenosylmethionine decarboxylase

DCAM, Hﬁ?ﬁ{%S-ﬂyﬁﬁ%%%@? decarboxylated 5-adenosylmethionine

MTA, EF' %ﬁﬁ’fjﬁﬂyﬁﬁ methylthioadenosine

BRI EIEN 2 e AT EREH

An important role for arginine in polyamine synthesis in pigs
Wu et al. (2000) Am. J. Physiol. 279: E395-402




gﬂiﬁ"]"ﬁm Roles of polyamines

e FHHEFTIE Gene expression

® DNAMIZEHJFE & H. DNA and protein synthesis

® = FHIEAEF lon channel function

® AT Apoptosis

® {%‘%%ﬁi Signal transduction

o gfﬂﬂﬂig%—':jﬁ’ﬂﬁ Cell proliferation and differentiation
® IMEAR Angiogenesis

® jif Zﬁﬁ‘é Embryogenesis

Wu et al. (2009) Amino Acids 37: 1-17



*%5;‘@ Arginine
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Placental blood flow

BHRLERE

Placental vascular growth

'T%T?%%)ﬁ FA
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Nutrient transfer from mother

to fetus

NO = —& 4L & Nitric Oxide

Wu et al. J Nutr 134: 2169-2172, 2004. PA = 22 polyamines
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Placental Angiogenesis

Dr. Fuller Bazer Dr. Robert Burghardt Dr. Greg Johnson
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Arginine supplementation enhances angiogenesis in pig placentae

Control

0.4% L-I_-}r_giin 7
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~ 0.8% L-Arginine

- —

Li XL, Bazer FW, Johnson GE et al (2010) J Nutr
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Can we exploit the arginine pathways to improve pregnancy outcome in mammals?
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We addresses this question using the porcine model of intrauterine growth retardation

(IUGR).
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Intrauterine Growth Retardation (IUGR) and Embryonic/Fetal
Survival in the Pig

ERFLEIT, BREAKR
BIREAER AT W

The pig exhibits the most severe naturally
occurring IUGR among mammalian livestock
species.

Ak, B EAEIRG ) LA
TR EiE50%.

Additionally, the pig suffers from up to 50%
of embryonic/ fetal loss during pregnancy.

Wu et al. J Anim Sci 84: 2316-2337, 2006.
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’%II /—__"lei E 5:}' J Distribution of Piglet Birth Weights

%%ﬁ (n) Litter size (n) 116

X B EBU(N)  Total number of pigiets born (n) 1,302

HAEMRE, kg  sirth weights, kg
0.50 - 0.69 3.4%
0.70 - 0.89 8.0%
0.90 -1.09 13.5%
1.10 - 1.29 30.9%
1.30 — 1.49 27.3%
1.50 — 1.69 14.1%
1.70 — 1.80 2.8%

HRIT 75% 3P T- R IH44E T IUGR.

IUGR accounts for > 75% of neonatal deaths.
Wu et al. (2010) J Anim Sci
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Dietary L-Arginine Supplementation Enhanced Fetal Growth in Pigs

Dr. S.W. Kim
e \ e s h Texas Tech
\ S ~t N M. ~ N
*p=010 -+ WZIR - &R
** P<(0.03 Alanine Arginine
14 T 18 1 **
* **
- 1 -
= - 1?1
10 b g 10 ] 12 _
%) ) i
% g - 2 8 2 10 -
& 61 g 67 87
41 ~ 4 2 |
2 2 2
0 - 0 - 1 0 - 1
Total Piglets Born Total Piglets Born Alive Ave. Litter Weight

PEIRAA30E 114K, HIF- R ARAMI%L-FRERNFAZEN
AR EARK-AEEHR. 16.6 g IF=ER/d/K. Arg/lys = 2.5

Gilts (n = 53) were fed a corn- and soybean meal-based diet supplemented with 1%
L-arginine-HCI or isonitrogenous L-alanine between Days 30 and 114 of gestation.

Mateo R, Wu G, Bazer FW et al. (2007) J. Nutr. 137: 652-656.
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Studies with Early Gestating Gilts (Dissection of the Fetal Pigs)
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KR R EHRE MNP RIF LS R—
( FREMBIRER, BRTJiang ZYHBIRER)

Our Findings Were Confirmed by Scientists Worldwide
( for all studies except for Jiang ZY)

P |

Nutreco, The Netherlands (2006) J Anim Sci 84(Suppl 1):394
Campbell R. New Zealand (2009) www/nzpib.co.nz

De Blasio M. Australia (2009) www.australianpork.com.au
Bee G. Switzerland (2010) Animal 4:1680-1687

Yin YL. Changsha, Chiha (2011) Amino Acids 42:2111-2119

Jiang ZY. Guangzhou, China (2012) Amino Acids 42:2207-2214
(d 25 —114)
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Inconsistent with Results of Two Studies: (either no effect or adverse effect)

1. Boyd RD. 2012. J Anim Sci. 90(Suppl 2):34 (Abstract)

2. Allee GL. 2012. J Anim Sci. 90(Suppl 2):33-34 (Abstract)

PRI 22 RO B 15 T 4H

Same experimental design for both studies:

- EAEEE: 0.51% — 0.53% SID  Basal diet: 0.51% — 0.53% SID

- Eﬁ&%hﬂi(Z?G g/ﬂﬁ/d) Supplementation with arginine (27.6 g/sow/day)
it B ZEIH] (d 18-34) B2 FHI(d 75-115)

during either early (d 18-34) or late (d 75-115) gestation

ﬁmfﬂ)@ Common Problems:
(1) BEE®Arg/Lys > 3.5. ERAATTS & .

Arg/Lys in diet > 3.5. Causing AA imbalance & antagonism.

(2) *ﬂﬁ%ﬁ%ﬁ*% (d 14'18) Missing the period of embryonic implantation (d 14-18).

(3) BREBKSEEFTH

E. No data on protein content in diet.



SR 20 B3 1 8 R M A B S
Arginine as a Nutritionally Essential Amino Acid for
Gestating Sows

Bl an sk iaBRH HAR 00, 42% SR

e.g., 0.42% Arginine in the diet for 1t parity Sows

BESFHREGELLIR)

Nutrient Requirements of Swine (11th Edition)

NRC 2012




SIS 2 T 3 R e A 2kl iy H /B0

Arginine Supplementation Increases Litter Size (Two Live-born Piglets/Gilt)

:%%ﬁ%ﬁF%%X Biological and Economical Significance:

T

FEFREBNBEHIEEM (0.06-0.09) . 1980F20005F (8], EEFEM~
FEESFNIRF0.0523L, BHI: 13L(F¥/20F . RINHARKPELE FFE
AL B EREFE{FEe  The heritability for the number of live-born piglets (i.e., 0.06 to 0.09) Is

very low. Thus, litter size in U.S. swine increased only at the rate Of 0.052 pigs/yr between 1980 and 2000 (1 piglet/20
years). Our work has made it possible to greatly enhance litter size through nutritional management.

Sl SRR EENS 45 (NPPC 2005) .

Economic returns: Net profits of $45/piglet (NPPC 2005).

REMALEROCHTHESEECHAIY (BER, 4, FHAR) KA.

Results of our pig study has guided research with other mammalian species, including rats, cattle, sheep and humans.

USDA/NRI January 15, 2008
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and Fetal Arginine

N

BRI
Placental and
Fetal Ornithine

AR FERS LER
'f*’éﬁﬁ Placental Arginine
and Ornithine transport

T

—E RSB | NOS <

VIS AR BHA <

\/
—&HE NO

\—

BREHEE » BERRAR ObC
aternal Nutrition > S IRHEEERER SAM

MTOR £ 5@ mTOR signaling

} \

JRRE KB Embryogenesis Z & Polyamines

_/

Wu et al. (2010) J Anim Sci

e MBAERMAKT Placental Angiogenesis and Growth

faft-fg )L M E  Placental-Fetal Blood Flow

}

%%%ﬁﬂ%@ﬂé)w@%ﬁ Supply of Nutrients from Mother to Fetus

e )LAEKAKE Fetal Growth and Development
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Impacts of Maternal Nutrition on Fetal Programming

0 =5 m I
ﬁ&ﬁﬁﬁ“mwMEmzﬁﬁﬁ&ﬁﬁm%m&

Fetal Programming: An adaptive process whereby nutrition and other environmental
factors alter developmental pathways during the critical period of prenatal growth, thereby
inducing changes in postnatal metabolism and susceptibility of adults to chronic disease

ol BEREKRES . EFEHRAE. Amb. KEMRE
, BRINEMIERMERBEZ R

Impacts on: Postnatal growth, development, food efficiency, meat _
guality, reproduction, immune function, and susceptibility to infectious diseases
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Maternal undernwyition -
/ Maternal overnutrition

RBFEHEEFAR EifE DNA REf  LEMEEFFEH
Paternal undernutrition H B4 *ﬂﬁ/J\RNAS) Paternal overnutrition

Epigenetics(DNA methylation
Histone modification, and microRNAS)

ﬁﬁléﬂﬁjﬁ %Eﬁ%ﬁi Genome activity and gene expression
% E%ﬁi'—ﬁﬁiﬁ%ﬁ% Protein expression and physiological activity

/}ﬁ/)l_;ﬁ)?'f/h Fetal Programming

FRSERT  AREEE SERRA HRESBRAER

Hormonal imbalance Metabolic disorders Organ dysfunction Defects in cell signaling

AHRTHILWEKERE . RETHRETER CHUpmRE T, FlanERERe4I s

Impairment of growth, development, immune function, and health of offspring
(Some effects, such as pancreatic B-function, are sex-dependent)

Wang et al. (2012) Antioxid Redox Signal
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Lessons from Our Animal Studies

BRI, SR E— EENAT, B B
- ﬁﬂﬁuﬁﬂ%‘ﬁ@j%ﬂz%ﬁlﬂiﬁﬁﬁﬁiﬁﬂu S R
-ﬂ]ﬁﬁ HAJL Kﬁﬂﬁﬁ S E;&%‘flﬁ An unrelated study led to the

seminal discovery that the arginine-NO and arginine-polyamine pathways play an
important role increasing litter size and fetal growth in mammals.

aﬁ%ﬁﬂmiMw¢&%ﬁﬁmnﬂmnEﬁ§mﬁSE%E

Fﬁ Combination of expertise through team work is very important in
discovery research and graduate education.

3) FYIE 5 3 R N IE F A3 14 B N 2 AN AR i B R
Animal nutritionists should think outside of the box to develop the next generation of
improved diets for gestating animals.
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