KREE SR%KR Ve KRB EARANZN
ke, MR, T, mAEs
CIERUmR Y ARzl 2 TRV KA BRI = m i s b5t 100875)

FE: Yot R R R AR B RE BT A T8 A E TG 3, IEVA B F0 M PR B 1 TR 4L AR
IR MR B AR . AR A K REE 28R4 (28mg/kg « d Boox, #
TR ANTIR LRI 4 K, KA B S0 o B B R b 2, X g
TRREMES ZHREASYIENRREARA. F2EREAERESEAEX, B
2, 3 -MAZHRR 3 - —ERE (CNPase) (EHBIZMEREH 7.7 £%, p=0.0039). p38 (
BEAMEBER 14.5 %, p=0.003) %5; B KRATE RS, ZRHE (Hepcidin) f£ 4
HRRAFER FE. 25805820 AEY S BRARE oK A PR RE . 208 11 %
B GHHPE T AR AR . s AR AR T IhEE (WAMAZE G MR AL E%).
KEGG JE % CUnFMAFIEE 2. AHREEEARE . JERS) HERE S8, AN
PRV 15 40 2 (1) £ FE A Bh TR N BB T R I 2E W2 ThRe , O BRAR Y 25 ELAE DS 1 T
i 2. 697 SR TR e A A

REEW: Bk RWG EARA: BHESRESY): BRER URTR.

Changes of urine proteome after intragastric administration of polysaccharide
iron complex in rats
Ziyun Shen, Minhui Yang, Haitong Wang, Youhe Gao*
(Gene Engineering Drug and Biotechnology Beijing Key Laboratory, College of Life Sciences,
Beijing Normal University, Beijing 100875, China)

Abstract: Iron is an essential trace element to maintain the normal physiological function of
organisms. No studies have investigated the overall effect of iron on the body from the perspective
of urine proteome. In this study, the urine proteome of rats before and after short-term intragastric
administration of polysaccharide-iron complex (28mg/kg-d iron, which is equivalent to the dose of
anemia prevention in adults) was compared and analyzed by using two analysis methods:
individual comparison and group comparison. Many different proteins were reported to be related
to iron, including 2', 3' -cyclic nucleotide 3' -phosphodiesterase (CNPase) (7.7 times higher than
that after gavage, p=0.0039), p38 (14.5 times higher than that before gavage, p=0.003), etc. In the
individual comparison, Hepcidin was up-regulated in 4 rats simultaneously. The biological
processes of differential protein enrichment include carbohydrate metabolism, iron ion reaction,
apoptosis regulation, hematopoietic progenitor cell differentiation, etc. Molecular functions (e.g.,
complement binding, hemoglobin binding, etc.), KEGG pathways (e.g., complement and
coagulation cascade, cholesterol metabolism, malaria, etc.) have also been shown to be associated
with iron. This study contributes to the in-depth understanding of the biological function of iron
from the perspective of urine proteomics, and provides a new research perspective for the

prevention, diagnosis, treatment and monitoring of iron-related disorders.

Key words: Iron; Urine; Proteome; Polysaccharide-iron complex; Nutrients; Mineral elements.
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ol T R AENLAZR () 2% ot AR BR8N T BRI A o ISR, B Y T E o &
YER PRI, BHEZATEE R 23R o 3R RS 5 200500 1 R AL 5%,

Pt qERF YR IR AT DR LD BN ME TR L —, B 5 T RN Z M EEAYERE,
teln, A, A B A DNA & 5 . BRI XL T s S B8R N AR L P e, 5l
K— R AR

TR B T NS, IR, REAFERSHIILS], RE AR BEAL AR FRES 1
LAY, SR R W HLA AR B L, N AR RR B RRIE Y o R R AR
BEFEIEE, TR HIUAAFE RS AR E RN

ARSI = 2 BB, JRIEE B RA R BN RS0 A I BT BE IR B A LA
IR, ARG RS FR S TR SE B IR R R . HREASNIE, A MRBEE
Jo3 2 0°) £ FER 98 4 e 2 X LA 14D 52 e 1) T 9

KWL FE | ZHEE A (Polysaccharide-Iron Complex) fENEKITHRANTM, W
MR S MK TS A m A EE . T BRI R, A RRMN/N, AIELLLGY, T
W, T BiVa RS L. AT 5T & EAR 0K R RN Z Wk 5 G W )5 PRV 1 5
AR, DAt —20 T Rk G R AR LE R N IR AE ) 2 D e S BRI, O IR AT LR it
BT TR A o

2 RS 5k

2.1 SEIAE

2.1.1 L #ES

Sml TCHEIEH &% (BD AFD. #EHE (16 5, 80mm, Z4F). 1.5ml/2ml .04 (EH
Axygen AT ). 50ml/15ml .08 (EH Corning A7), 96 FLAH MR 38 (£ [ Corning
ANAE] D). 10kD JE 2% (£ Pall A ). Oasis HLB [HAHABUK: (EE Waters A # ).
1m1/200ul/20ul ¥tk (£ E Axygen A E]). BCA R & (£ [E Thermo Fisher Scientific
WNED . B pH RAK B A (£ E Thermo Fisher Scientific A d]). iRT (indexed
retention time, Z[E BioGnosis AH]) .

2. 1.2 ERAXE

KEARGZE CEREEMX VA AR A D A m#E 0N (£E Thermo Fisher
Scientific AT HEZIRLE( (£ Thermo Fisher Scientific A ). DK-S22 HLHAHIE
Kitrin (ERE 2SR W A A IR A FD . 2K 2 YReRFbR{ (45 E BMG Labtech A®]). i
% %% (Z£[E Thermo Fisher Scientific A ). TS100 {HIRIESIMX (FiIF AL 28H TR AT )
B K F (3t METTLER TOLEDO A &)+ —80°C ik ¥k A ¥ vk # (3% Thermo Fisher
Scientific A H). EASY-nLC1200 i s XOBAH (i (3£[H Thermo Fisher Scientific A ).
Orbitrap Fusion Lumos Tribird fiif{X (ZE[E Thermo Fisher Scientific A ).

2. 1.3 SERHAF

LR E AR TE (EHZHE H20030033) H L ifgEe 25 £ 75 & B 255 B A TR A
" A, A, @AY T RS Trypsin Golden (ZE[E Promega A®]). R nfifE DTT (f&
Sigma AR, MWLM 1AL (FEFE Sigma 7)) AR #L NH4HCO3 (fEHE Sigma 23] ).
JRZ Urea (fE[H Sigma A w]). 41K Ch EEERIE A7), PGk B ¥ (£E Thermo Fisher
Scientific &), R 2 (£ E Thermo Fisher Scientific AF]). JFiEghaik (£
Thermo Fisher Scientific A ® ). Tris—Base (ZE[E Promega AF]). #illg Throurea (i
Sigma A F]) .

2.1. 4 s

Proteome Discoverer(Version2. 1, 3[E Thermo Fisher Scientific /] ).Spectronaut



Pulsar (Z[E Biognosys A #] ). Ingenuity Pathway Analysis (f£[E Qiagen A %] ); R studio
(Versionl. 2.5001); Xftp 7; Xshell 7.

2.2 KW TTHE

2.2. 1 YRR

AT 17 B R RBEATHT I, D #EE AR AEKOR B R I . @ 5R SD
(Sprague Dawley) 9 FJWSHEM KR (2504+20g) 5 K, Tt 4Ei@F|ELB VI ARE
PR 7] o R BRAEFRE AT 1 (SRR (22 £2)°C, JJE 65%-70%) 1A% 8 Ji & , 7K B ) 500-600g,
FHURRES, — )i AR B E b TR 5 A AR 5 B A B 2 5 2 (1) o A Atk g

EEEREN N2 &I AE (UL, tolerable upper intake levels) : 353 —4 kN
BORE R NHE, L% B Mg R HTCAT T @ AN GRS 17355 H 8 R R s &
WetF N & (recommended nutrient intakes, RNI), F80IEI3E—4reaERR. . 4£H
RGLHEFAA 97-98% MA T Z E TR A KF-.

MR A [ R RE B FE, Bk BN (RND) 5y 20mg/d, Wi 52 & i A\ & (UL)
N 42mg/d”, TR ZHEELE AU B AR R I TEE 1T R, 2R E S AR A A
JLE 150mg, FAREHWZ 1-2 %0, BIEEANEL 150-300mg/d, 7 & 14 18 44 22 T AR {4 B e 55
JEK BRI L 55 T 14-28mg/kg « do AWFTTH, KB B BRIOFIEDY 28mg/ke + d, 2
TREE AT T . K 3g ZHEREAY) & ETFLN 1. 4g) WAET 500ml ToH
K, BLEREBSER. SR KRG RES dnl AR, FRES 1K, E8ER 4
Ko BEHHE—RICAH Fe-DL, LAILRHE. 7EHEE AU B 570 B B BR8] i, #E47T B &
AIEXTRE, JEH AT — RUEEIRE AR X R, 128 Fe-DO, #EAY5 N 51-556. B 4 K
WCEERIRE AR N SEEG4H, 12 Fe-D4 FEA Y5 4 61-65.,

Each rat was given 60 mg/kg/d
Iron Polysaccharide Complex
R (i.e. 28mg/kg/d Fe) for 4 days p

Ua Animal modeling and Uo

urine sample collection

1 N\
—
g,,j_; LAJ 1.?_: I_:__I 'TJ "‘(.
Purification and enzyme Label-free LC-MS/MS Data processing
digestion of urine protein  analysis and analysis

BB S HORBR LR

2.2.2 RBFERWE

TEFFUEHE B ZHEE AT — R (D0 FIER ZMEE &Y 4 KJa (04), ¥4 R KR
] — I (] BN AR 28 T, 2R 28K 12h, S RRCHURR, JRIGFEA A J5 B T-80°C UK
A

2.2.3 RWFEA

HUH 2ml JRFEMAEGR, 4°C, 12000 X g 2608 T B0 30 Z0%f, ZBR4HAE v, HLEIEWm
A IM R J58EEE (Dithiothreitol, DTT, Sigma) W7 40ul, A% DTT [ TAEMKEE 20mM,
WAE &R 3TCMA 60 2%, B R =S, A ZEZ (Todoacetamide, TAA, Sigma)



T 100ul, A E) TAM ) TARKREE, TRAIE FIREDG N 45 738 RN RE, HHEARR
BEBNELE Y, 5= AERNTIA K LER MRS, BT-20CKMH 24 /NFHTRE &
Fo VIIELEHR, 4°C, 10000X g &M T &0 30 40480, FERE, TBREADE, READ
VETINA 200ul 200M Tris R . SR MO ERE EIEH, R Bradford %
W 5e B AR B o A P B S 4 BhAE S 46 (FASP) WOV, KRB AFREUR NN 10kD i
& (Pall, Port Washington, NY, USA) HIJERE b, Z0HIH0A 20mM Tris P =X, M
N 30mM Tris W E VA E A, BEAMRE AR L] REE A - JHERE=50: 1) IR IS (Trypsin
Gold, Mass Spec Grade, Promega, Fitchburg, WI, USA) #4TWtk, 37°CHFE 16 /N,
R A I IR DE D S 2 IRV A SR B 1) 2 IR TR A s I Oasis HLB [l AH A U EAT R £ Ak
M EZ T, BT-80°CIHRAF. A 30 flFt 0. 1% ER/KKE T2 MM K EH G, fH BCA
G K BOR AT I, KRR MR 0. 5 n g/ u L, BAFEARRUH 4 FAHER mix
FEA.

2.2.4 LC-MS/MS HE B HE AT

P S ERE S LARE L DART D 20 0 1 AOARAREL BN RE 100 15 (1 iRT FrifE, 48—k
BAWTIE] o X P A FEA AT B RO R 4R (DTA), BAMEARER 3 IR, BB 10 #H4HA 1
Bt mix FEAAE AR BN K Tug FEAEFH EASY-nLC1200 ¥AH €435 4 25 CHEMAS 7] 90min,
B RAIAH A: 0. 1% BRI ZNAH B: 80% Z %), Ye it T kMK BL#E N Orbitrap Fusion Lumos
Tribird BB HT, A BORE S BT raw SCAF .

2.2.5 HARLLERM DT

B DIA BN RN raw XS Spectronaut B4, & B[S E AFRMENIKE q
value<0. 01, N FHUETHIFRE Evgand BT A i B FIg AR g T EE H e =, BAshA—1k
AbFE

RES AN FR R KB R A, B RE B 0, THES AL 2 2 A
HEASE, BAREEZHBE SRR SES ZHRE S 4 Ra BT LI,
i 22 e o

FIHEZ 4 (https://omicsolution. org/wkomics/main/ )i 4T JE W B B8 2K 404 (HCA) .
F AT (PCADS OPLS-DA 434 5l DAVID ¥ (https://david. nciferf. gov/) ik
ITEREAGEE £, SREYEERE. e s TIhee 3 Mg R, &1
Pubmed 5 ZE (https://pubmed. ncbi. nlm. nih. gov/) X Z FH& A MA@ BT .
] STRING % #s b AT B A HAEM 4% 4081 (https://cn. string=db. org/).

2.2.6 BENLTHHT

FEAT F 20 A1 AR B T 508 AR P bs B, 3 e 0 4 -5 o0 RAZH TR R 22 5 o i T4
PR PERMFEAR R AR, P8 02 7 v Re 2 BENL ™ A1 . Jhit, FRATEE HBEHL /> H 4t
THAr BT SR, 12RO FH TR A B PR I PR 4H 2 AR b B ORI 7, FE e 9 4H 2 1]
2 S WREHL= A

FEBAT (n=5) MEFE (n=5) 3L 10 MEARKENL T WA, EEREILAHET, 1%
HERH [R] PR PR 7 128 2% AR TH B I A L2 & 1) 22 S iR 1 B H IR P31

2.2.7 F)F Pubmed ¥(#E FEXS T 2 7 B A M Dy BBV R #AT 447

7t Pubmed 22 F 8K I A D) BRVERE AT H R AN 04, B AR 3R 5% 1R 2 AE A A B 47 22 v
[G) I & SR Ak, #ldn, “iron[Title/Abstract] AND heme [Title/Abstract]”. #R)5
FRIB — XX S AT R SR G, i ZE R EE U EREA BRI TR EVF
AR RS SR CHK

3ER5TIR

3.1 B ZHESEEYE KRR IRHME



RIS R, FATHEE T KRR 2 MR EEWEMYOK. HEa. FE, BR%R
k. KIEB ZFERE MG, KREERARRERE, Yok, 8. maEE. 52
WEEEWE, KERIEEHEEREE, BRECAREL, nIRttSdALd £ e

3.2 JRWE B R EEBRMIEREREST

HEEZPSE SR (D0) S5HEHY 4 K (DD MRBFEAILLE EF) 1803 NMEA G
J& unique peptides>1, FDR<1%) . Xt 25 (A BEAT IR B B 2870 (HCA) 13 %4040 #r (PCAD,
SR 2 FE 3 Fran. HCA 1 PCA &5 R IR, AZFEERE GG KRR S E A K
AT R R EWARA, XA B T AR T MRk R e SRR AR R A R
REAMR A —E 2 R
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3.3 RAE

3.3.1 ZREHMT

FERIAE B L 0, FRBIE B RIEASER S 4 RIEAEAT LA, ik 167 A4
ZEREH. MEEREAFMZ: TR P {H<0.05, Fold change (FC)>1.5 8(<0. 67,
R g

Hrp, A2 MEREAPEC. 0L, EHITEL 2 EE, Wk 1 PR,

FIH PubMed s FExt 52 A2 7 B HHAT R A ThRE M 0 A A SO &%, o Bon 2 R B E
58 AH I B SCHR A AE A

KRBAZHESE, KEP T RAKEAREHE 2, 3-HxE KR 3 -5 6
(2,3 —cyclic—nucleotide 3’ —phosphodiesterase, CNPase). S100 §545-& 2 H A7 (S100
calcium binding protein A7 like 2, SI00A712). 4@ &AM 1 (Tissue inhibitor
of metalloproteinases 1, TIMP-1). #&EEK 1 2B(Integral membrane protein 2B) .
CNPase f&—FhBE#IbR &Y, FC 0. 13, S100A7 & —FhEGE I T B A G M (i . /F
ZE SRR KR AR K & B, CNPase. S100 #5454 58 A RIS m K, BRI
AR D R R R B o SRR A EL, TIMP-1 76 BRIk 24 750 L BRI ) K R
i RIL .

JE g I R c—Crk #7470 1 (p38) 1 FC A 14. 53 ki %% B 8 18) 76 J5f 41 g (BMSC) h p38
WARIE LA™, &0 40 P IE [E B2 #5328 8 (1 (NPC intracellular cholesterol
transporter 1) [ FC K 4. 38, ot 30, 28438 2 i oy R E 2™ . BRERIFES (Carbonic
anhydrase, CA) [ FC 3.8, X SZIRANMIMIRTE FL R, L0 SR s 2 S BUE
B Tk R T IR 2 AL E) 1 B POAR™ s BRER I T BT AR TR

% 1 Fe-DO ZHA1 Fe-D4 dHLLE S ATH BB ZEM EZREA (P {H<0.01, FC>1.5 8<0.67)

Related
Protein Accessions Genes FC
to Iron

P13233 Cnp 0.1258 0.0039 !

D379U8 $100a712 0. 3625 0. 0026 !

P30120 Timpl 0. 3759 0.0019 o

Q5XIES Itm2b 0. 4378 0. 0066
AOAOG2JTC1 Lilrab 1. 5487 0.0076

P25236 Selenop 1. 5491 0. 0051 b

Q8CHN3 Wfdc2 1. 5622 0. 0090

P97710 Sirpa 1. 5810 0. 0092

P10354 Chga 1. 5829 0. 0051 b

Q501W2 cd27 1. 5953 0. 0086 b

D3ZM39 Dsgl 1. 6098 0.0015

FILUV9 Ncaml 1. 6366 0. 0093

COJPT7 Flna 1. 6394 0. 0072

P50430 Arsb 1. 6583 0. 0085
AOAOH2UT19 F12 1. 6662 0.0071 b

QI9NA2 Xpnpep?2 1. 6707 0.0043

Q6PYV1 Cdsl1 1. 6736 0. 0090 ber

E9PSQ1 Amyla 1.7125 0.0014

P85971 Pgls 1. 7265 0. 0089



PO7314 Ggtl 1. 7329 0. 0029 o

Q56876 Istl 1. 7486 0.0034

Q6TUD4 Yipf3 1. 7736 0. 0007
AOAOG2K3G0 Hrg 1. 7893 0. 0006 o

D3ZUM4 Glbl 1.8017 0. 0097 0
AOA096P6LS Fnl 1. 8337 0. 0070 &

P51635 Akrlal 1. 8442 0. 0051 e

P10247 Cd74 1.8848 0. 0029 e

G3V8X5 Slc5al0 1. 8860 0. 0079

D4A263 Plekhb2 1. 8904 0. 0094

Q9ES53 Ufdl 1. 9660 0. 0061

P61459 Pcbdl 1.9943 0. 0058

D4ABT7 Psca 2.0741 0. 0002

Q62894 Ecml 2.0797 0. 0069

G3V928 Lrpl 2.1202 0. 0023 B

Q64319 Sle3al 2.1421 0. 0072 e

P13221 Gotl 2. 1563 0.0078 2627

FILLW8 Ids 2.1612 0. 0048

Q68FY0 Ugerel 2.1790 0. 0055 e

G3V6AO Pdgfra 2. 5490 0. 0002

D3ZFC6 Itih4 2. 5596 0. 0090

F1LQT4 Cpn2 2.6775 0. 0033

Q5M891 C4bpa 2. 6898 0. 0055

D3ZWD6 (8a 2. 7839 0. 0009
AOAOSSDKHS Amhr2 3.2162 0. 0036

A21BE2 Cal2 3.8027 0.0088 o107

G3VTK5 Npcl 4.3789 0. 0006 (.27
AOAOG2K227 Slc6ab 7.1754 0. 0021

QBAYC4 Capg 7.9503 0.0011 b

070257 Stx7 11.6417 0.0010

D3ZATO Svs3b;Svs3a  12.2337 0. 0064

Q63768 Crk 14. 5319 0. 0030 i”

D4A076 Btn2a2 20. 8981 0. 0005

3.3.2 ML ALER

N T E U B T B ) 22 S B BT AR B PTRE I, FRATTX I AE 10 MR K e 3
(B AT T B R B0UE, B [FIAE IR I 22 e B I bR : FC=1. 5 8=<<0. 67, P
<0.01, BT T 126 XBENL AR BN 2 58 A T8 10. 82 4, BEHLYE & & A M EHh
21. 15%, FEIZ/AA 79. 85% LLHI Y 2 F B EA 2 BT BENLIE = A2 11 BENL 7 2L 56 1) 45
W 2, BAVFHIEBRIM 52 M EREH (FC=1.5 8i<<0. 67, P<<0.01) fZFEHL4E MR
IRME, SR ERIX e 72 7 i S 5 2 0SSN RN A O



#2 W FC=1.5 or <0.67, P<<0.01 [WJfiEESfFXT Fe-DO 1A Fe-D4 AT BEAL 43 4H 45 SR

Total Average number
Ratio (average numbers of proteins with
Screenin number of number of of proteins
false random combinations/number of
g differentia random with false
correctly identified differential
criteria 1 proteins combination random
proteins)
S combinations
FC=1.5
or <
52 126 11 21. 15%
0.67, P
<0.01

BATEIZIR FC=1. 5 8(<<0. 67, P<<0. 05 MIFFIEA X4 10 MEAL e RIM B E A
BT T BENL A AR 5GE, AT T 126 IRBENL > 15 B0 22 F & (P08 55 A4S, BEHLL &
EITEG 1A 35. 08%, FREHZ /AT 65%EL 51 1) 22 57 B AN 2 B T BEALYE = 2R 1) o FRATII 1S 2
157 M EFEHA (FC=1.5 8i<<0. 67, P<<0.05) RFEHL A IHEREIK.

3.3.3 V@B

¥ 157 MEFREA (PE.05, FC>1.5 5<0.67) § N DAVID ##iE, =45 53 M
Yk FE (BP), R 3 fiars.

ZANEY)E B IRE SR AE IR A OC . WAMATOE . AN IS . R
FI N T PN R B R R T RE A R L RS T RO S B KA A AR AR
B s AL AR M 36 BRBL. VA AR AR TORG PR . 3 I AH 20 B oAb 5

MRAESCHR, ki Sk 00 SR P AMATE AL BB R R gk,
Ff A R0 2 PR AR R AR R M L SRIBR A o MBS KT T i 5 4 B m R ROk B A o
MEBER A 25 BB B ™ KU P Hh ZE KA 1 K BRTF R IR BE B ™ 40 B P BRI B 5 1
SRN R BREETAE . B S TESL (ROS) PEAERIZEMIE TS . BURAIIME AT S E
M3 116 KR EAIE, 1L-6 #ILiHES ROS Ml fig i id S AL B IR B Aa SRR it S0 <5
A AT T SR b R A T R B AR TR iE . PR IR A S
HERIRAC ™ o i 2P0 AL A T AR X S A P TP S SR S R G S L PRIk B A £
Bk ER O N I AE 40 B A A AR AR AT T bk ESL T B R B A R 1 T kAR
FHCR B AL BRI R SR FL B A0 A LR R EBURT R i GSH R R AR
BT RRA R, HAh A 25 R B L 5 8 PR AH 2 STk L e #s

% 3 Fe-D0 400 Fe-D4 4H 2 R AR 1 (P {8<0. 05, FC>1. 5 5E<0. 67) HIZEW=-it 2 (BP) & 4E40#T (P {E<0. 05,
T2 HR P AE M NBIRHER)

Term Count % PValue Related
to Iron
complement activation 5 3.4 0.000025 )
aging 12 8.1 0.000041 =
glucose transmembrane transport 4 2.7  0.00095 feo)
complement activation, classical pathway 5 3.4 0.0013 (7
response to estrogen 6 4.1 0.0016 (a1, 35)
positive regulation of peptidyl-tyrosine phosphorylation 6 4.1 0.0018
metanephric proximal tubule development 3 2 0. 0022 1
regulation of cell shape 6 4.1 0.0044



establishment of endothelial barrier

organic anion transport

negative regulation of apoptotic process
transmembrane transport

protein stabilization

response to iron ion

carbohydrate metabolic process

cellular response to dexamethasone stimulus
positive regulation of fibroblast proliferation
negative regulation of intestinal absorption
cellular carbohydrate metabolic process

urate salt excretion

camera—type eye development

neuron migration

response to ethanol

zymogen activation

cell adhesion mediated by integrin

defense response to Gram—negative bacterium

T cell activation via T cell receptor contact with antigen bound to MHC
molecule on antigen presenting cell
transepithelial water transport

regulation of macrophage migration

glucuronate catabolic process to xylulose 5-phosphate
glycosylceramide catabolic process

cellular response to interleukin—6

cell-matrix adhesion

sodium ion transport

membrane fusion

antimicrobial humoral immune response mediated by antimicrobial peptide
acute—phase response

dermatan sulfate catabolic process

L-ascorbic acid biosynthetic process

protein localization to plasma membrane
regulation of actin cytoskeleton organization
killing of cells of other organism

innate immune response

hematopoietic progenitor cell differentiation
positive regulation of substrate adhesion—dependent cell spreading
cellular response to inorganic substance
ossification

L-cystine transport

glycoside catabolic process

establishment of Sertoli cell barrier

membrane raft organization
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[49]
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[56]

[50,57]
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[39,40]
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[50,57]
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response to inorganic substance 3 2 4.40E-02

cellular response to transforming growth factor beta stimulus 4 2.7 4.90E-02 fe2]

3.3.4 ST IhREM KEGG FERK 04T
¥ 157 N EREH (P {EL0. 05, FC>1.5 5i<0.67) S DAVID ¥#i/E, EHEF 23 My
FINRE, Wk 4 Fis.

2% 4 Fe-DO0 401 Fe-D4 42 B & 1 (P {H<0. 05, FC>1.5 BE<0. 67) MI4-FINhE (MF) E£4H1 (P {H<0. 05,
T2 HR P AE M NBIRHER)

Term Count % P-Value

macromolecular complex binding 21 14.2 2. 00E-07
integrin binding 9 6.1 1. 90E-05
calcium ion binding 18 12.2 2. 90E-05
protein homodimerization activity 18 12.2 5. 30E-05
sulfuric ester hydrolase activity 4 2.7 7. 00E-05
protein binding 28 18.9 3. 40E-04
calcium—dependent protein binding 6 4.1 8. 00E-04
complement binding 3 2 1. 20E-03
heparin binding 7 4.7 1. 90E-03
arylsulfatase activity 3 2 2. 00E-03
glucose transmembrane transporter activity 3 2 6. 60E-03
cysteine—type endopeptidase inhibitor activity 4 2.7 6. 7T0E-03
calcium—dependent phospholipid binding 4 2.7 8. 30E-03
receptor binding 9 6.1 9. 50E-03
extracellular matrix structural constituent 4 2.7 1. 50E-02
N-acetylgalactosamine—6—sulfatase activity 2 1.4 1. 50E-02
alpha—galactosidase activity 2 1.4 1. 50E-02
cytoskeletal protein binding 4 2.7 1. 60E-02
transmembrane transporter activity 5 3.4 1. 80E-02
protease binding 5 3.4 2. 00E-02
protein phosphorylated amino acid binding 2 1.4 3. 00E-02
water transmembrane transporter activity 2 1.4 3. 80E-02
inorganic diphosphatase activity 2 1.4 4. 50E-02

#1657 N ZEREA (P 0. 05, FC>1. 5 5(<0. 67) S A\ DAVID ¥d &, & 55 10 4 KEGG
. EHEDN) KEGG BB B REA TR . AMARIBEM L. BhE VR R . WLshE A
MOE SRR TTT . PR . B . AARE N KT . REMHATRE. RihEg. (85

VAR PR AU 00 32 BTN o R IR S R R0 5 S A P AMATE AL o 2 PR P SR AR
YRR ITURLIAR FE 1 52 Mo 4 B B SR AN 3 4 DRSS A 3 0A5 545 3 o IR B2 RO o i £ ik
AT R T O] oK B 5 (1) G SR o R B P I R e R B R o TRE W R A A R IR Bk &2
TEA% E 41 i (polymorphonuclear leukocyte, PMN) [ N BT W EHIHIER . V20
FOEUER T ERAE % ) S B AR, H HBSk 2 UE R B, £ KRG RRIEN
B SRR T, BRERS T RER AR HE ™.



* 5 Fe-DO 400 Fe-D4 HZE R (P {H<0. 05, FC>1.5 8%<0. 67) [ KEGG il E& & 44047 (P {8<0. 05, %

P MBI HERD

Term Count % P-Value Related to Iron
Lysosome 9 6.1 4. 80E-05 (6]
Complement and coagulation cascades 7 4.7 2. 00E-04 faa)
Focal adhesion 9 6.1  7.90E-04 o
Glycosaminoglycan degradation 4 2.7 9. 20E-04

Regulation of actin cytoskeleton 9 6.1 2. 00E-03 fon
Amoebiasis 5 3.4  1.50E-02 o
Malaria 4 2.7  1.70E-02 o
Leukocyte transendothelial migration 5 3.4 2. 80E-02 tom)
Systemic lupus erythematosus 5 3.4 2. 90E-02 (e8]
Metabolic pathways 24 16 3. 50E-02

3.4 BRXRBE &SGR

3.4.1 ZREHMIEFNR

PRIUE A B BEE IR RO R WA LAIR S AL, HeE— e RE L2 Rsan R,
FERETTT MR RR™ . ™ 3BT ARSI, R RR . BT .
o™ IR BRI R AR, R F— MR Z 10 ) 25 S . S B T il
A, B DL N PR A T e AR s = AR AR A, (E2, RIS R A 3 A A4
2 A — e 22 S PR, AU 7 B ST xRS b i, RS s b R
PRI, A BT v e ) A .

H YA JE EER I BAR S S B0 T RS RAE B e pl 0, K AR EE B RTAEA (DO
=4 EE SHEE S 4 REA (DO =5 EEHATOUR . O LU, ik 72 5 SRR A2
T K56 0BT 9 P AE<0. 05, 5504k Fold change (FC)>1.5 8<0. 67,

fRE s R 15 RRMER 194 M EREH, 2 5RKRIFES 368 MEREH, 3
FORRIFIER] 520 MEREH, 45 RKRFIER 230 MEREH, 55 RKRIGIER 148 M%E
FHEH.

3.4.2 FFAYEIRE. - FIhEe. BRISW

A DAVID ##ts Pk R OK BRI 22 57 B 1 20l AT DU ReTE R, ke 26444 p<0. 05, JF
HHRE G 5 ARRAYY IR 4 FIoiae. @K ESE.

1 SRBEER 126 MEY)ZFLFE: 2 SRRELR 163 MEYELRE: 3 S RREL
B 212 NMEWEIIFE 4 SRR E SRR 167 MEY) LR 5 5 KR ELR 77 NMEY TR,

765 HORR CAyseit gl m n) 100%) A MAEYZEREA 34, afFmKeEmR
AR, A UIR-SEBURE MY . SCERE R, BRBHRRAIEE ™ AR SRR R A
BRI, BRAET . 540 MURG I 45 2 R s Sl A 2

16 MEY LI FEAE 4 R CHSeG a1 80%) H3tfy . FHERIS IR TR ALY %:
RV R SEAR G SCHR . thAh, WERES TR, MLZLERT elF2 o BERRAL IR 15554
SRR 3 AR (e a g 60%) 3.

F6 784 Kk 5 KRR FIEMAEYZEERE (BP) (DAVID £dE 2 GO 43#7)

Related
Rats Biological Process (BP)
to Iron




4 5 carbohydrate metabolic process ol

[32]

4 5 aging

45 cell-matrix adhesion o

4 negative regulation of cysteine—type endopeptidase activity el
negative regulation of endopeptidase activity fs6)
positive regulation of fibroblast proliferation o0l

lipid metabolic process o

cell adhesion mediated by integrin .91

[34,35]
response to estrogen

glomerular filtration (85,861

phagocytosis, engulfment s

positive regulation of cell migration (o8l

[89]

positive regulation of ERK1 and ERK2 cascade

cellular response to lipopolysaccharide (90,911

positive regulation of protein kinase B signaling fo2]

. . 561
zymogen activation

regulation of systemic arterial blood pressure fo9]

complement activation, classical pathway o

DN DN DN DN = = e e e e e e e e e e e e e
W W W W W W W W NN DD DN DD DN DD DD DD DD DN
N . - S N~ = S L R L R L R OL R O L UL N oL B s VS Vs )
ol o1 o1 O O O O O O W e e e e

glutathione metabolic process o]

15 KM E %S 35 M7 IhEe: 2 5 KESED 67 Mg 3 5 KM EHER 754
T IIEE: 45 KM EED 61 M T Iife: 5 5 R EES 31 AT IfE.

725 HORE CHsia4La B 100%) LA K2 7 IREH 34>, BfFEARYS .
DTHEMES . BETEE. 11D TR 4 R G S4B %0 80%) Itf,
;H\:EP@?&[MZI%E%% (hemoglobin beta binding)o %E%W%Iﬂlél%ﬁ%ﬁﬁﬂ@%géﬂ}ﬁ%ﬂ
gy, XTI IS AR 4T R 4 G

R T4 REs HRRAFIE ST IEE (MF) (DAVID %3 2 GO 43471)

Rats Molecular function (MF)

12345 protein binding

12345 macromolecular complex binding

12345 calcium ion binding

1234 proton—transporting ATPase activity, rotational mechanism
1234 hydrolase activity

1234 protease binding

1234 cysteine—type endopeptidase inhibitor activity
1234 serine—type endopeptidase inhibitor activity
1234 phosphatidylserine binding

1245 hemoglobin beta binding

1345 endopeptidase inhibitor activity

2345 peptidase activity

2345 receptor binding

2345 serine—type endopeptidase activity
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I FH DAVID Pk i3E 47 5 8 35k R A RS BT 2H 1 B4 B4 2 (Kyoto encyclopedia of genes
and genomes, KEGG) JHEEE LT, 15K EET 30 1~ KEGG HilE; 2 5 KR EHED 41
AN KEGG 8% ; 3 5 KR E4EF] 49 4 KEGG @ H; 4 5 KR EHEF 35 4> KBGG i H; 5 5 KR
B 10 4~ KEGG 1% .

FE 5 HOREL (i SEB A B0 100%) A LA 1) KEGG 3l B A7 VARG A4 . #FIRfAk. 5 > KEGG
WERTE 4 KR G SEIG B0 80%) ks, ek, WHEM. JEHEdm. &5
R ER P R BRI SR IE I S PO SCER T A TR A .

%8 1F 4 Hak 5 RKR A 1 KEGG i@ (DAVID HE EE GO 40 #)

Related
Rats Kyoto encyclopedia of genes and genomes (KEGG) pathway

to Iron
12345 Lysosome (o)
12345 Phagosome (o8]
1245 Malaria oo
1245 Endocytosis o8]
1345 African trypanosomiasis o
1345 Staphylococcus aureus infection (e8]
2345 Sphingolipid metabolism (o8]

3.4.3 ZRARXBILRA LARTRANEREE T

o4 KBRS L3 3 1 22 5 B 4R R FC 4y i R T . M T HE B RTREA (DD,
5 HKRMEBJEFEA (D4 Hhor R4 e R 129 4~ 309 4>, 425 4. 148 >y 69 A il K 2
FEE (FC>1.5,P<0.05). 5 HKREER G2 % E S 65 1~ 59 . 954, 824~ 79 A
MR ZERER (FC0.67,P<0.05), HFERERR ARRESHEECHERREAOES
0L, W 4. B 5 . ZREOAMMESENIIEA R ERK T

£

B4 5 IR E SR e~ AR ERZEREA (FCL.5,P<0.05) FHAK
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K5 5 RKRESAEXEFERNTRZEZREA (FC. 67, P<0.05) FHRAK

X HATE 4 Rk s RKRAFEFE FFE AR ZE S &S, T4 Z /Mo, W
&9 s

S100 #5455 8 H A7 (S100 calcium binding protein A7 like 2, S100A712). Hi%ifi#
ZE[E B 45 & B [ Cl (Prostatic steroid-binding protein Cl1). BRI R K EH

(Cystatin-related protein 1) 7E5 H AR HILFE T . ZHABEAR & KB R K 4
S100 £545 & R A MFRIE BRI . AT 5IR LR & sk 2=, I ELTE Al 21 g 41 i A 2 27
HER TR 2R A RN i SN IR ¢ RNImIE Bk AR A RE R SR

MlEgi &8 (Spermine binding protein). BEHIZFEAHIEH 2 (Cystatin-—related
protein 2). Cullin 1. FEANIER T 1 (Decay accelarating factor 1). BiFIIREMLE
-6 (Prostatic glandular kallikrein-6). @l FHg/NH2Z-9 (Submandibular glandular
kallikrein-9) %5 7 FhEEERAE 4 RKRH TR, BRSO, ZMEAR EHEBE
5B ERA R, HHE9.

1 AEARE 4 RKRA A, HPaEekiiER (Hepeidin), RARIENETH TS
Sy egtasds. -2 11 RHALHEIBEMEPUE v 8 (H-2 class 11 histocompatibility antigen
gamma chain). B FIB M R R 4518 A rBAT (Neutral and basic amino acid transport
protein rBAT). &R EFALF K 22 B 12 (Solute carrier family 22 member 12). P&
W A SRR SEX R 3 (Acyl-CoA synthetase short—chain family member 3).
BNEB PR RIEEE T IE (Glutamate—cysteine ligase catalytic subunit). B -
F-FLEE G (Beta—galactosidase) S Z M H MR B SHMARW S EOF K.

#9184 Rl 5 R Ak Bifs F w2z R d& e

Protein Accessions Gene Names Trend Related to Iron
D3ZFC6 Itih4 11213141 [101,102]
F1IMS8KO Dagl 11213141

E9PT83 Cenpf 11213141

P51635 Akrlal Alr 11213141

P10247 Cd74 11213141 [22]

Q64319 Slc3al Nbat 11213151 [24.25]

Q3ZAV1 Slc22a12 Uratl 11213151 [103)

Q99MH3 Hamp Hepc 11314151 [104]

A0A0G2K047 Acss3 11314151 t10s]



P19468 Gele Glele 21314151 [106]
D3ZUM4 Glbl 21314151 (9]
D3Z9U8 S100a712 RGD1562234 1324314151 o
P02782 Psbpcl Scgbld2 1324334151 o
P22282 Andpro Crpl 1324384451 oo
AOA0G2K 176 Sbp Zg16b 11243141 (107
ZAYNX7 P22k15 11243141 oo
BIWBYI Cull 13334451 18]
P22283 Crp2 P22k15 20344151 [100]
AOA0G2QC50 Cds5 Dafl 21334151 [105]
P36374 KIk6 K1k-8 KIk8 20314151 (i10)
P07647 KIk9 K1k-9 Klks3 20314151 (i10)

3.4.4 ZHAKRRHFALAERTRANEZEREOK S EIIREDIT

AR 3 AL 4 Rl s KRR A3 A B R e R 122 7 B AT D REE RS, X i sz
SEAERINEDZELRE (R 100, 72 7IhEE (K 6). KBGG HEH (& 11) #HA770#r.

FEAER] 44 DMEW AR, FE E RN AEY A R S YA AT TR, K
SCHRTE LR 10,

Hrb, A 15 ML SR RE S, WA RS AT 4R 5 )
IR AN BURI . 2. BE RN FRIAMREI . TURE IR T 5T AR
X MECER IO SR BRI SO k- TR SRR BERR AL (1 IE T . XS SRER SO, 4 T

FER TR L-PERRYeIE . BEH /AT RS . Bk SO AR . W BRI BN

KE o

BEAh, R A BH AR . A S SR IR AR eIF2 a BRI
FrRESEEY SRR, 2 EWF IR S RN A IR K.

# 10 3 A BBl R AP ILE RSN R E AR E R (BP) EAR T (DAVID $di e GO 7047

Biological Process (BP) Count % P-Value Related
to Iron
glutathione metabolic process 5 5.4 0. 0002 s
regulation of systemic arterial blood pressure 4 4.3 0.00032 )
zymogen activation 4 4.3 0.00047 feed
amino acid transmembrane transport 4 4.3 0.00055 fe0.57
positive regulation of fibroblast proliferation 5 5.4 0. 0006 =0l
cell-matrix adhesion 5 5.4 0.00083 eosn
aging 8 8.6 0.00094 )
negative regulation of cysteine—type endopeptidase activity 3 3.2 0.0015 fo)
binding of sperm to zona pellucida 4 4.3 0.0015 b
response to hormone 5 5.4 0.0016 bl
positive regulation of cell migration 7 7.5 0.0018 )
L-glutamate transport 3 3.2 0. 0036 bl
negative regulation of endopeptidase activity 4 4.3 0. 0039
phagocytosis 4 4.3 0.0041 e
amino acid transport 3 3.2 0. 006 fe0.57



cell adhesion mediated by integrin

antimicrobial humoral immune response mediated by antimicrobial
peptide

response to estrogen

acute—phase response

positive regulation of peptidyl-tyrosine phosphorylation
negative regulation of cell projection organization
positive regulation of lysosomal protein catabolic process
regulation of elF2 alpha phosphorylation by heme
regulation of acrosome reaction

response to ethanol

negative regulation of apoptotic process

cellular response to mechanical stimulus

positive regulation of ERK1 and ERK2 cascade

L-cystine transport

glycoside catabolic process

carbohydrate metabolic process

positive regulation of protein localization to plasma membrane
wound healing

cell-cell adhesion mediated by integrin

lipid metabolic process

cellular response to mercury ion

positive regulation of cell death

nitric oxide transport

metanephric proximal tubule development

renal absorption

aspartate transport

cell migration

glutathione biosynthetic process

hyperosmotic response

N DN O DN NN W N RN R W RN DO 00NN N R W

I I T S e S I R S S - RN T I RN SR CR
DO DN B DNDDNDDNDDNDDND DN W DN WD WD DN R WO RRDNDDNDDND DN W DD W

0.011

0.013

.016
017
017
018
018
018
022
023
023
024
025
026
026
027
. 028
0.03
031
034
035
039
039
044
044
044
048
. 048
. 048
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75 FER IR RE B e VESE 7
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laminin binding -
protease binding 4

cysteine- type endopeptidase inhibitor activity 5 ]
L
o

hydrolase activity - - logo(pvalue)

.. o 4.0
macromolecular complex binding - ) l
| 35
L- amino acid transmembrane transporter activity - )
hemoglobin beta binding - 25
2.0
receptor binding A 15
steroid binding -
calcium ion binding - count
. o 2
growth factor activity -
@ 4
hemoglobin binding - ® s
hemoglobin alpha binding - ®:
integrin binding - . 10

galactoside binding 4
arylsulfatase activity 4@

collagen binding t

2 3 4

K6 3 HeBL R P ILF s MR E AR 2 7 IhEe (MF) &40 (DAVID £ & GO 734

#1103 A BBl bR A IR b s I A 8 A 5 Y KEGG S & 40 (DAVID % 22 GO 43#7)

KEGG Pathway Count % P-Value Related

to Iron
Lysosome 7 7.5 0. 000085 f6s)
Sphingolipid metabolism 4 43 0. 0035 o
Other glycan degradation 3 3.2 0. 0043 e
Glycosaminoglycan degradation 3 3.2 0. 0053 25l
Regulation of actin cytoskeleton 6 6.5 0. 0089 fo)
Gap junction 4 43 0.012 e
Phagosome 5 5.4 0.019 f9s)
African trypanosomiasis 3 3.2 0.02 for)
Cholesterol metabolism 3 3.2 0.031 o
Malaria 3 3.2 0.036 o

4 RE

B Bl W AHOE SOV BT R R 2, IR A E Ve R XA IR RE
HIZ AR SR, Gl 788k AL VEOm (g e P e ). 1B SRR .
TR, A KRB BN R A R AR RN 5 RIE . BRI B T RS AR A K2R, e
SHFREONROIEIIX, S ERE K OCI L) I RS A a2 4z BRI 8 ig it Ak,
IR, SO0 R IR G . BRI B AR i R e Ok IR i i 2 T Y
BLAEAEASR T 40 3 S A RO LR A8 B ThRE e, Rl 3 0™ H A0 I 5 AN
M2 R G -

AT, KRB 2SR E S WRIFRIE T 28ng/ke « d (ZEETH), 2T HAE NIRRT
DRMLAFAIEE o AR STRR AT, ASHIT T2 () 22 Wik 526 ik B SR 2 Sk ad e A



TEWEE 4 AU B AR KREE S HRE Y (28ng/kg »d B 4 K, BIERT
L) 2 R R 5 V0 E B RERILAOAR B AR RO o ASHIE AT BN SRR ZR LA SO (BN R =
SERITTMA RS BB O A BEE) KB 20 69T AR A — S, SRR
PRIUER 1 R AL AE BRA R T ) 2 1

AW TR T B S e LA L EL B R o3 A i IO BATI SR 1 5 4 A R e
MR IAIE . 75 ELBOT IR RO R TR 7 AR ZE R0 SEIR A5 R ARSI, B 1 SEIR AR 2 1k
AR R NE, a5 Rl B A HEE o PRI AT 75 A5 B 45 R BN BAIE, BRI
A R ALRENS S WA IR 2 B R R SV LR 52 m,  (E A48 R m] {5

WHFC A R U], R SRR E S5, KB PRI F 5 2 AT BL 7 5 BRAH OR 1Y
WA ALY I REM AL . FE I TS 2 MR R S XL = A R0, 1 PR AR s 2 e
g Azl . ARG SHLAR B REAR AR o ACHIE T PRI B 3 0T 21 2 1) P OMIR N B AR T 3R AE
PEVIR AR AR L EFIALE] . AR D RESR Bt TR R, RIS ARSI FE 8R4 1B
WS A ATE S 7, XX T BACE LA SCBIR I T « 2 W J6 77 KA B TR
HEFE
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