PERES: EHRlE 2018 &£ 5 48 % % 3 Hj: 278 ~ 286

SCIENTIA SINICA Vitae

ChERE ) Atk
SCIENCE CHINAPRESS

lifecn.scichina.com
CrossMark

& click for updates

/INEH S oSt R

R, RE,

1 ZREERLR AT AR 2 B, AL 230032;

2. EHPIER EHE T b AR AT T, ERRAYERE SRS, EEREARBE 0L, dbEamAam i, b
102206;

3. RS E A R A B, TN 510275

* & N, E-mail: zhangyaowsw(@163.com; xupingghy@gmail.com

WA F ;. 2017-10-23; 4232 H: 2017-11-17; M4 %% H3#: 2018-01-29
FEAER A A H B DI AES: SQ2017YFSF090210). EX HARIFHEEHAES: 31400698)Fdb it i BRIEL M ZE N A (L HES:
Z161100004916024) % Bl

WE  MEEFAETRERGKENTIOMAERH SR BERFLLA, MEGREE T MG S #
B RWFPAKFEEWAY YR AT, ST ELELERMALRN LFEHAKE, MEGRAR®E
BARE. MEORBHERHANERRARF RN, CRFEXFAEBHARER. AXRGER T

N B USRI R R AR T
Xiga EaRdy, MEak £7

RERT FEA RIS 5S TR O R Gt
5%, {H /)N A {2 AE (short open reading frame, sORF)Zmi5
1/NE F Fi(small proteins, SPs)HIF 74754 A% A Hb 240
7. RPN Y IS, B AE D/ N 100N SN
PRORIE R HEAEORFY, X2 TR ERE 5 1
ErE, FHEEIL2~99N T FIORFERF B = A4
512600001 ORF2. T2, X Fhom i 5 100425
B~ 1Ry e /) PRt )32 I FH 381 A B A AR P B R 4
R

FH T R 2R R AL ), Hodm /N REbR AR /N 2,
B T8 T KE/NE AR WIS R R ERS. B
FHZ BRI R BRI AE Y R SR kb 7T L
R AT S A AT 7%, (G sORFAE Y ) — 2
TR LM A B UE B R, IR AR

Wt EoR, DMEARRAEENEY I, W
/INER A AT DG T N At R D R A R R
A EAEREE T, 1ENAIRE T2 5105 5 SR
P T TR, LU R A A PR 2 R e s 15 2
NER F T E R D RERT TR T3, miBUNE A
JRE TE BRI K e B T R I BE 2 JRVEREsORF. /MR
U SE I s A A (1) BT RpR
U T (i) HE TR E AR AT
A LB OIS /N 1 R R A 2 R AN SRR L, (ELRE
PAscHl il e, H—/ N R A AR R A 5T
AT RE SRR R I A R RN D RE Y T AR R T
PAFEAL 22K el AR S e S A . A1, 48 Uni-
Prot¥dfs FRic %, H LT AR 2 ik
/N T R/ B 1 KT A A IR U AR 56 T RE

IR R, 5K, 57 NERATEEEIT SR, PEEE: R, 2018, 48: 278-286
He C T, Zhang Y, Xu P. Advances in small protein identification (in Chinese). Sci Sin Vitae, 2018, 48: 278-286, doi: 10.1360/N052017-00245

©2018 (HEMZFE) FiEHt

www.scichina.com


https://doi.org/10.1360/N052017-00245
http://www.scichina.com
http://lifecn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/N052017-00245&amp;domain=pdf&amp;date_stamp=2018-01-10

PEBE: ARl 2018 4F 48 % A 3
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1.1 /NEHERHEFEILS]

SORFIE i &A1 R/ 5 H AR ORFIX I FF, {HIF:
EAT A MsORFAR B A #H 1R RE. B A BIBEEGEM
sORF .4 & B AT LAGZ F EV4NORF Y 5'UTREL3'UTR,
WAl AT CAIORF N HBEL 5 CLAIORFE &, F 4 Af
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FORNA. 35 [R] R S AR R e S s A

£ FmRNA S'UTRIX [{]sORF 54 #x A L ii#ORF
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MU AN IR L. =S ZhiLH S FE A R 14408 /)N
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A T8 5 60S W Ik A N 80SHE LA E &Y, M IF44
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ORF T UG 2 A5 11 B i Zh B 3. BRI ML 2
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PERIIBZIPIIEs s AT KV 2 B AEAE 2 1F R I
SAMD CH# 3 A 5 /KT BR B A7 76 26 14 R 10
XPLI#E A", HuORFHIH] Ik /MK, 13X L8/ FRl
WA /N RAH BAE 351 TS A3 A2 MBI 453 FEUORF, M
T BELAS A M AR AR AN TP ORF BN 3. i S2 bR b e
T uORFAE A2k R 1A I 1 otk Dy ge, CAEVR2 2k
PR mk J2 DR 4L KT R 7 o 45 30 B0 E .
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CryabF16 AR, TE BVLAH B ARSI 380 P Foh 2 SR 2 46 7
s TR U A T SR 281 5 — P SR 46 7 L. 1
I H A — AN R IG A ST S'UTR, B3 —14
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B[], NMDAMK T Poly(A) 72 L IR 7K A 46 J 1 EL

280

AT S U ML NE AN S — 35 [ FO K ARDY, RS R AT 2%
1EZ5 S 7 I mRNA 1) S5 & WA A R 7E 1iZmRNA I
TR, S5 WS AR T % O 2 R 51
UPF#E A, fU5UPF1, UPF2MIUPF3™. #F5 KB, £
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FERRME DA INE AR AR RS 2 FalfERs e 2R
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32 NEHEBREE R

FARRASIE AR BT . S8, 5§75
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S AT BB (PR R R ) R 2 T 9 1 AR
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BESE R 500 R R, B R NERE AP KE A S H
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NEE .

33 HURIREUN R B RRBOR

JUERIBUE AR TR %, (EAE SR R I
OPEHUE B T, HORICR E O WA, anfE AN
(RIVAFRUREAT 2 IRREHL, AT LATRAMNE —BRBE™.

3.4 /N BTN RE RO 2 TR

FRHE UniProt X} 8% (4 5 i S 41 i 5 7 1 B (5 B R
BREERF) /N R, AR T (5 T 60%, 4T AR o5
T18%, EM G T10%. EANR/NEAFRS, 2 lhE
il 736%, IEE A 5 T35%, iR E A S T 14%. X
F /N T AE RS WAH A 7 i 1, HAN R

b e ) 5E A A S PR AT T AN [

AR O SR IS DA e B I 41 DA I e kT
Z. TR A 5 T3 AR e i R
Joi 5 TR AL, B DA Y 4 5 A AR PR /N B BT
PRIUHRE, A BTN R R R SR

T EKIEM, —S/NEAFATRE SRR &, X
MG SRS TIV/NE AR, FISRRUS
BB, WP EEUTE SR A, RO A
KA T/NE AR S,

3.5 /NEHEFRAESEPGIEE bR E R

FERE A 17022 Fi 2R (1 8 S L TRV ™. I el
FERE S i g R AP IR, 2 51 S A B B A
S AR R AR. ) S R ) VA AL AR R
BN R, K& RS AHLA AR &
TN EE A B )RR 4l R 70°C 1 K Ak FE 4 i
20 min "] PAEAS 51 RS ARRE S PR AR 0O 15 00 I L 41 £
S YE, 1 70°C 710 mmol/L HCIALHE 41120 min
W2 5] 2 B 1 3 A1) H R A% 2 0 i = IR 1) 11 JOR
40 IR A R AL B PR EU/INER (I BRI, T LR G AR K
VAR SIS o g

4 NEHERESENE S

N TR REARNE SR, 7520
HAFMNZ AR h o B k. HANEABRED &
WA ER, TERRNDEIE. B IEA T
RN TR s LR BT C AR R PR T

BT 0T RKIIDETFEAWZ, Wy e
WA AT LA B 2 v B A B . XA VA KB
RURFBI R, 3B R R i U o T B P /N B
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R EGENEARNDE, HFE—EN
R
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T 10~200 kDA H KN A BRI 20 550, Tricine
TR LYK 43 5 /N TR A R TR, B TR
HLIK R R AOBR B, R ENR AT B E
b 2% 1) % FEL DK AR AR 3 T Rl e I ) SR AR o [
e 2 5

FESE T IR S0 Sms i, B8 Atk S B R
R IL LRI, R s R B R
ZREM T, AR TR AL 5 A AR AR B
VB 22 5ok 4y BRI KT, DA = BRI IR N & R 34k
o R K 1 20 35 8 o e U e A BT, e —
J5 33T 2R KA FORE €3, SR AN ) 561 5 A n ik
LRYERPY. BB AR SR ) B K.

)N AR BRI B A0 KN B K AN
TSN, EATHEA R B 2 R v i B S 1 1
e RN, AR R Z AR B h AT 2 /N
EAFEEAPRERYER), 2R 5 i AT RE
BhF 5508 % R R

5 /NEHERHTEL

/INER 5 ER TR A AT RN BRI, AAE DI %
FARMI RS, b= AR 5 5y %5 7€ I 7~25> = kIR ik
SR BUD, S, TR ETH AR PR

5.1 HERMIR AR

AR VI3 AR B SRR W] LR A 7 270 2 T
S £ 1 A0 B AR T A 2 R A 2 DI 2.
Z P & BT AT M AT B U A S T UG e ER 1
B8 8 . i GRS AL 1 C ik B B
PEREEIR, BTARCRAL, QbR EZE, Ao
SE. R )BT A5 Ml T A R BB R ININ s ) B, A7
By FitmCom s . A2 UIEI T T — LR
METH A BURE IR 2% AR FCNBrib 22 D1 #1 45 &
TrypsiniH b 7] LLA SRR R 11 %52

52 &AL

T A A 2R A R DA e i K B DY AR R
R YA AR A TS IS I i 1, T
0.01% SDSHH10% FF EZ 2 40.01% RapiGesta& 4 T 1
TrypsiniH 35 7] 38 2)40% 1) & H 75178 5 2, TAEH
A2 N AT 42 2%~5% it A NH FR BN E 2
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5.3 BN BRI T AL A

R 11 i 2 2 v P 5V P AR P B TR
AT, R PTH AL OL S AE T AT AHERR 2 MR AL B 2%
JRIAER, (ERAResemi ik B i e HAN % Baite. N
TG /N R BTAE R i AL B AR b AT RE MR AL IR
2K, AT LAk PO AL 77 WOE AL T B 3 ik B
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SE. N T B FINSDSAHA WHH AL I FE I, — S LUE
J R JE e 00 T DR Ul B KA i 14E 4% 75 V5 (FAS P
PHEA) iz I Eesie s, ARGk T EAR4LE
FEEOL AR, X BN R T RN R,
VPSRRI SPHIEES

5.4 “ETHI R RSN

RG22 2R e Al 0707 A Ak BB HE B2
T ERR N B B s, s TS8R AL T
AN A B A A il M BR BN B, TSR
AEFD). E% LSRR B O o Mot R E T R
(1) 565 SREMR O < T SRR A T e B AR 1 R
R R, WA RER 2> T A R
WS B FUEBOR LA R AEME BHOR. HH TR
PSS ATIATAE— RE BV BOARAE, A2

6 BIRFEHER

IR AR ER 5 46 0 0 R O R 1 P 11
Bl PR R k. Bl T TP ANEAE I A A RER
SERE. DA, /INER B A RO P 1 R R AT A
e R AR TR R A /N R . e B AR
RO S AT 4 ML) ) 58 36 IR R R DR G /) B 9
BRI ER.
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FLhit; (i) FEF MR 7%, PR E 5 A & kit
AT, 3 R P T AT 250 32 R 45 # R AE A
PR AT R X P 2 9240 ) B A T N B B e N
T 100/ 255 7 {1 SORF T 100~150-1 55 A 1~ ) 45 o e
DRI AT YR A A, R B0 /0N 5 R O 4 1 s A A o A 8 [ 22
ZiRZ. RXRFERW T o] HT FEVRERE RGN kK
B R IR 28 92 I 56 30 (19 s ORE 19 £ 48 48 i /N Fr 3.
SORF FHUM 7R A P 1) 44 1y i 38 V) M A At T A7 G sORF 1]
S AR 2 T AR A, T AR B P ) e
H AT T 5 A% AR b FH B 5 12 R P 22 R A 2
RS AT SR PR I A, W T EAE
VIR A e AR BT R B M, N T EHE R B RV E
o IR BT AL S IR B, BT LUK R H B R A B T
TEUO T BRI 5 kU VR ) R 2 sr L R T
RS, A, FEF NG 5 A S B AR RIAZ A
BIRERARTE /N BRI 2 3647 T AR B S 4 47 A A
TR I /N S A7 AE S 0 1) E £ R IR 4G T R A
FAU, TR, ST A4 7 AT S HE B B A 12, O T Bk
R D)0 N IR B 3880 DA K /N R 1 R R4 SR 1
IR A A AT E I, 77 BRI INAS RIS 4R 25
it~ 2 463 PN JU B

6.2 5B

FEAHRIFDRIG JEFRAE T, REHEER 5] N2 5
B0 4 5 4 SR 10 R AT I 5 B0HT K B v R B
7 Brosch NVR F i 46k 5 1 (L (PEP<0.01)4% il
BANIRBHE R 2R, BrancaZs N7RI s 20 PR 5 e

225 30k

TR LIRS IR BUHEAT T B, R /N ] S ME 8 2 i
P 7] A B A7 U TN 149 558 P 2 BB E [ B) SgE S7 /N P
JTE RN A, I RIBOG TR B g
Hi iR AFDR [ 50 K A% HIFDRAE A EEOVEH A Fu
FQian'™ ) — T HIFDR TAE M3 E45 H T 50
Al Ik BXFDR (R 3R . it — 0 4th, A FU R0 b [ R B
ARCEs N W YN AR S W iR e (20
FC 1 HIK BRI FDR 5 e e A LA AR e B 1Y
SERIRR, AU PR ALV T2 B A B9 2 ) 208 Ik B
FNFDRIEFTEN T T E, B BT @ 7K
S E T R K B R I FDR 1 A HL] . Ix 2807k
B0 TR RS A T S E T FDRAC B 2, FRAIK T
B BH L.

7 NG5 REE

HREARKMESOITMR, NEARKED S
WEFAT R IT R, R Ok 1) B 2
P2 DIRER/INVER AR AR, K2 B C iR
NER F AT B UK AAAE RS, B IERIT R
ANBIThEEWETT. X E B2 t /N R 2 R 2 T
A A A — e AL BEE RN B FUAR
IR AL FoF it 1) 28 BOAR PR it AR S B AR (1 5
J&, X /INER RO S e 28 2 e ) 5 SR
G, e SEBUNE AR IR . X AIRAIR T
KL/ A A A i B I DD RE B E I SRR
HAth

1 Harrison P M, Kumar A, Lang N, et al. A question of size: the eukaryotic proteome and the problems in defining it. Nucleic Acids Res, 2002, 30:

1083-1090

w AW

1344-1349

Basrai M A, Hieter P, Boeke J D. Small open reading frames: beautiful needles in the haystack. Genome Res, 1997, 7: 768-771

Storz G, Wolf Y I, Ramamurthi K S. Small proteins can no longer be ignored. Annu Rev Biochem, 2014, 83: 753-777

Giaever G, Chu A M, Ni L, et al. Functional profiling of the Saccharomyces cerevisiae genome. Nature, 2002, 418: 387-391

Nagalakshmi U, Wang Z, Waern K, et al. The transcriptional landscape of the yeast genome defined by RNA sequencing. Science, 2008, 320:

6 Oshiro G, Wodicka L M, Washburn M P, et al. Parallel identification of new genes in Saccharomyces cerevisiae. Genome Res, 2002, 12: 1210-

1220

7 Zanet J, Benrabah E, Li T, et al. Pri sORF peptides induce selective proteasome-mediated protein processing. Science, 2015, 349: 1356-1358

8 Costa L M, Marshall E, Tesfaye M, et al. Central cell-derived peptides regulate early embryo patterning in flowering plants. Science, 2014, 344:

168-172

283


https://doi.org/10.1093/nar/30.5.1083
https://doi.org/10.1101/gr.7.8.768
https://doi.org/10.1146/annurev-biochem-070611-102400
https://doi.org/10.1038/nature00935
https://doi.org/10.1126/science.1158441
https://doi.org/10.1101/gr.226802
https://doi.org/10.1126/science.aac5677
https://doi.org/10.1126/science.1243005

T 42 [ 48 /INER 1B 4 e W Ut e

10

12

14
15

20

21

22

23

24
25

26
27
28
29
30

31

32
33

34

35

36
37

284

Cabrera-Quio L E, Herberg S, Pauli A. Decoding sORF translation—from small proteins to gene regulation. RNA Biol, 2016, 13: 1051-1059
Huh W K, Falvo J V, Gerke L C, et al. Global analysis of protein localization in budding yeast. Nature, 2003, 425: 686—691

Ghaemmaghami S, Huh W K, Bower K, et al. Global analysis of protein expression in yeast. Nature, 2003, 425: 737-741

Sun Y H, de Jong M F, den Hartigh A B, et al. The small protein CydX is required for function of cytochrome bd oxidase in Brucella abortus.
Front Cell Infect Microbiol, 2012, 2: 47

Andrews S J, Rothnagel J A. Emerging evidence for functional peptides encoded by short open reading frames. Nat Rev Genet, 2014, 15: 193—
204

Mercer T R, Wilhelm D, Dinger M E, et al. Expression of distinct RNAs from 3’ untranslated regions. Nucleic Acids Res, 2011, 39: 2393-2403
Gaba A, Jacobson A, Sachs M S. Ribosome occupancy of the yeast CPA1 upstream open reading frame termination codon modulates nonsense-
mediated mRNA decay. Mol Cell, 2005, 20: 449—460

Werner M, Feller A, Messenguy F, et al. The leader peptide of yeast gene CPA/ is essential for the translational repression of its expression. Cell,
1987, 49: 805-813

Rahmani F, Hummel M, Schuurmans J, et al. Sucrose control of translation mediated by an upstream open reading frame-encoded peptide. Plant
Physiol, 2009, 150: 1356-1367

Hanfrey C, Elliott K A, Franceschetti M, et al. A dual upstream open reading frame-based autoregulatory circuit controlling polyamine-
responsive translation. J Biol Chem, 2005, 280: 39229-39237

Alatorre-Cobos F, Cruz-Ramirez A, Hayden C A, et al. Translational regulation of Arabidopsis XIPOTLI1 is modulated by phosphocholine levels
via the phylogenetically conserved upstream open reading frame 30. J Exp Bot, 2012, 63: 5203-5221

Ge C, Cui X, Wang Y, et al. BUD2, encoding an S-adenosylmethionine decarboxylase, is required for Arabidopsis growth and development. Cell
Res, 2006, 16: 446-456

Cruz-Ramirez A, Lopez-Bucio J, Ramirez-Pimentel G, et al. The xipotl mutant of Arabidopsis reveals a critical role for phospholipid metabolism
in root system development and epidermal cell integrity. Plant Cell, 2004, 16: 20202034

de Klerk E, Fokkema I F A C, Thiadens K A M H, et al. Assessing the translational landscape of myogenic differentiation by ribosome profiling.
Nucleic Acids Res, 2015, 43: 4408-4428

Wiestner A, Schlemper R J, van der Maas A P C, et al. An activating splice donor mutation in the thrombopoietin gene causes hereditary
thrombocythaemia. Nat Genet, 1998, 18: 49-52

Sonenberg N, Hinnebusch A G. Regulation of translation initiation in eukaryotes: mechanisms and biological targets. Cell, 2009, 136: 731-745
Pisareva V P, Pisarev A V. DHX29 reduces leaky scanning through an upstream AUG codon regardless of its nucleotide context. Nucleic Acids
Res, 2016, 44: 42524265

Andreev D E, O’Connor P B F, Fahey C, et al. Translation of 5" leaders is pervasive in genes resistant to eIF2 repression. eLife, 2015, 4: ¢03971
Medenbach J, Seiler M, Hentze M W. Translational control via protein-regulated upstream open reading frames. Cell, 2011, 145: 902-913
Johnstone T G, Bazzini A A, Giraldez A J. Upstream ORFs are prevalent translational repressors in vertebrates. EMBO J, 2016, 35: 706-723
Kervestin S, Jacobson A. NMD: a multifaceted response to premature translational termination. Nat Rev Mol Cell Biol, 2012, 13: 700-712
He F, Li X, Spatrick P, et al. Genome-wide analysis of mRNAs regulated by the nonsense-mediated and 5’ to 3' mRNA decay pathways in yeast.
Mol Cell, 2003, 12: 1439-1452

Hurt J A, Robertson A D, Burge C B. Global analyses of UPF1 binding and function reveal expanded scope of nonsense-mediated mRNA decay.
Genome Res, 2013, 23: 1636-1650

Gonzalez C I, Bhattacharya A, Wang W, et al. Nonsense-mediated mRNA decay in Saccharomyces cerevisiae. Gene, 2001, 274: 15-25

He F, Brown A H, Jacobson A. Upflp, Nmd2p, and Upf3p are interacting components of the yeast nonsense-mediated mRNA decay pathway..
Mol Cell Biol, 1997, 17: 1580-1594

Ruiz-Echevarria M J, Peltz S W. The RNA binding protein Pub1l modulates the stability of transcripts containing upstream open reading frames.
Cell, 2000, 101: 741-751

Kim J M, Jang S A, Yu B J, et al. High-level expression of an antimicrobial peptide histonin as a natural form by multimerization and furin-
mediated cleavage. Appl Microbiol Biotechnol, 2008, 78: 123-130

Finley D, Ulrich H D, Sommer T, et al. The ubiquitin-proteasome system of Saccharomyces cerevisiae. Genetics, 2012, 192: 319-360
Bodzon-Kulakowska A, Bierczynska-Krzysik A, Dylag T, et al. Methods for samples preparation in proteomic research. J Chromatogr B, 2007,


https://doi.org/10.1080/15476286.2016.1218589
https://doi.org/10.1038/nature02026
https://doi.org/10.1038/nature02046
https://doi.org/10.1093/nar/gkq1158
https://doi.org/10.1016/j.molcel.2005.09.019
https://doi.org/10.1016/0092-8674(87)90618-0
https://doi.org/10.1104/pp.109.136036
https://doi.org/10.1104/pp.109.136036
https://doi.org/10.1074/jbc.M509340200
https://doi.org/10.1093/jxb/ers180
https://doi.org/10.1038/sj.cr.7310056
https://doi.org/10.1038/sj.cr.7310056
https://doi.org/10.1105/tpc.103.018648
https://doi.org/10.1093/nar/gkv281
https://doi.org/10.1038/ng0198-49
https://doi.org/10.1016/j.cell.2009.01.042
https://doi.org/10.1093/nar/gkw240
https://doi.org/10.1093/nar/gkw240
https://doi.org/10.7554/eLife.03971
https://doi.org/10.1016/j.cell.2011.05.005
https://doi.org/10.15252/embj.201592759
https://doi.org/10.1016/S1097-2765(03)00446-5
https://doi.org/10.1101/gr.157354.113
https://doi.org/10.1016/S0378-1119(01)00552-2
https://doi.org/10.1128/MCB.17.3.1580
https://doi.org/10.1016/S0092-8674(00)80886-7
https://doi.org/10.1007/s00253-007-1273-5
https://doi.org/10.1534/genetics.112.140467
https://doi.org/10.1016/j.jchromb.2006.10.040

PEBE: ARl 2018 4F 48 % A 3

38

39

40

41

4
43

44

45
46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63
64

849: 1-31

Rabilloud T. Solubilization of proteins for electrophoretic analyses. Electrophoresis, 1996, 17: 813-829

Gorg A, Weiss W, Dunn M J. Current two-dimensional electrophoresis technology for proteomics. Proteomics, 2004, 4: 3665-3685

Broeckx V, Boonen K, Pringels L, et al. Comparison of multiple protein extraction buffers for GeLC-MS/MS proteomic analysis of liver and
colon formalin-fixed, paraffin-embedded tissues. Mol Biosyst, 2016, 12: 553-565

Ma J, Diedrich J K, Jungreis I, et al. Improved identification and analysis of small open reading frame encoded polypeptides. Anal Chem, 2016,
88: 3967-3975

Wilkinson D, Ramsdale M. Proteases and caspase-like activity in the yeast Saccharomyces cerevisiae. Biochem Soc Trans, 2011, 39: 1502—1508
Che F Y, Zhang X, Berezniuk I, et al. Optimization of neuropeptide extraction from the mouse hypothalamus. J Proteome Res, 2007, 6: 4667—
4676

Hu L, Li X, Jiang X, et al. Comprehensive peptidome analysis of mouse livers by size exclusion chromatography prefractionation and nanoLC-
MS/MS identification. J Proteome Res, 2007, 6: 801-808

Holttda M, Zetterberg H, Mirgorodskaya E, et al. Peptidome analysis of cerebrospinal fluid by LC-MALDI MS. PLoS ONE, 2012, 7: e42555
Dallas D C, Guerrero A, Khaldi N, et al. Extensive in vivo human milk peptidomics reveals specific proteolysis yielding protective antimicrobial
peptides. J Proteome Res, 2013, 12: 2295-2304

Manes N P, Gustin J K, Rue J, et al. Targeted protein degradation by Salmonella under phagosome-mimicking culture conditions investigated
using comparative peptidomics. Mol Cell Proteomics, 2007, 6: 717-727

Khmelnitsky Y L, Belova A B, Levashov AV, et al. Relationship between surface hydrophilicity of a protein and its stability against denaturation
by organic solvents. FEBS Lett, 1991, 284: 267-269

Polson C, Sarkar P, Incledon B, et al. Optimization of protein precipitation based upon effectiveness of protein removal and ionization effect in
liquid chromatography-tandem mass spectrometry. J Chromatogr B, 2003, 785: 263-275

Zhang F, Chen J Y. A method for identifying discriminative isoform-specific peptides for clinical proteomics application. BMC Genomics, 2016,
17: 522

Schiagger H. Tricine-SDS-PAGE. Nat Protoc, 2006, 1: 16-22

Hao F, Li J, Zhai R, et al. A novel microscale preparative gel electrophoresis system. Analyst, 2016, 141: 4953-4960

Xu'Y, Cao Q, Svec F, et al. Porous polymer monolithic column with surface-bound gold nanoparticles for the capture and separation of cysteine-
containing peptides. Anal Chem, 2010, 82: 3352-3358

Foettinger A, Leitner A, Lindner W. Selective enrichment of tryptophan-containing peptides from protein digests employing a reversible
derivatization with malondialdehyde and solid-phase capture on hydrazide beads. J Proteome Res, 2007, 6: 3827-3834

Grunert T, Pock K, Buchacher A, et al. Selective solid-phase isolation of methionine-containing peptides and subsequent matrix-assisted laser
desorption/ionisation mass spectrometric detection of methionine- and of methionine-sulfoxide-containing peptides. Rapid Commun Mass
Spectrom, 2003, 17: 1815-1824

Thingholm T E, Jergensen T J D, Jensen O N, et al. Highly selective enrichment of phosphorylated peptides using titanium dioxide. Nat Protoc,
2006, 1: 1929-1935

Zhang L, Zhao Q, Liang Z, et al. Synthesis of adenosine functionalized metal immobilized magnetic nanoparticles for highly selective and
sensitive enrichment of phosphopeptides. Chem Commun, 2012, 48: 6274-6276

Wada Y, Tajiri M, Yoshida S. Hydrophilic affinity isolation and MALDI multiple-stage tandem mass spectrometry of glycopeptides for
glycoproteomics. Anal Chem, 2004, 76: 6560-6565

Neue K, Mormann M, Peter-Katalinic J, et al. Elucidation of glycoprotein structures by unspecific proteolysis and direct nanoESI mass
spectrometric analysis of ZIC-HILIC-enriched glycopeptides. J Proteome Res, 2011, 10: 2248-2260

Choudhary G, Wu S L, Shieh P, et al. Multiple enzymatic digestion for enhanced sequence coverage of proteins in complex proteomic mixtures
using capillary LC with ion trap MS/MS. J Proteome Res, 2003, 2: 59-67

Hartmann E M, Armengaud J. N-terminomics and proteogenomics, getting off to a good start. Proteomics, 2014, 14: 2637-2646

Fischer F, Poetsch A. Protein cleavage strategies for an improved analysis of the membrane proteome. Proteome Sci, 2006, 4: 2

Min L, Choe L H, Lee K H. Improved protease digestion conditions for membrane protein detection. Electrophoresis, 2015, 36: 1690-1698

Lin Y, Zhou J, Bi D, et al. Sodium-deoxycholate-assisted tryptic digestion and identification of proteolytically resistant proteins. Anal Biochem,

285


https://doi.org/10.1002/elps.1150170503
https://doi.org/10.1002/pmic.200401031
https://doi.org/10.1039/C5MB00670H
https://doi.org/10.1021/pr060690r
https://doi.org/10.1021/pr060469e
https://doi.org/10.1371/journal.pone.0042555
https://doi.org/10.1021/pr400212z
https://doi.org/10.1016/0014-5793(91)80700-D
https://doi.org/10.1016/S1570-0232(02)00914-5
https://doi.org/10.1186/s12864-016-2907-8
https://doi.org/10.1038/nprot.2006.4
https://doi.org/10.1039/C6AN00780E
https://doi.org/10.1021/ac1002646
https://doi.org/10.1021/pr0702767
https://doi.org/10.1002/rcm.1110
https://doi.org/10.1002/rcm.1110
https://doi.org/10.1038/nprot.2006.185
https://doi.org/10.1039/c2cc31641b
https://doi.org/10.1021/ac049062o
https://doi.org/10.1021/pr101082c
https://doi.org/10.1021/pr025557n
https://doi.org/10.1002/pmic.201400157
https://doi.org/10.1186/1477-5956-4-2
https://doi.org/10.1002/elps.201400579
https://doi.org/10.1016/j.ab.2008.03.009

T 42 [ 48 /INER 1B 4 e W Ut e

65

66

67

68

69

70

71

72

73

74

75

76

71

78

79

2008, 377: 259-266

Wisniewski J R, Zougman A, Nagaraj N, et al. Universal sample preparation method for proteome analysis. Nat Meth, 2009, 6: 359-362
Whitelegge J. Intact protein mass spectrometry and top-down proteomics. Expert Rev Proteomics, 2013, 10: 127-129

Sleator R D. An overview of the current status of eukaryote gene prediction strategies. Gene, 2010, 461: 1-4

Cheng H, Chan W S, Li Z, et al. Small open reading frames: current prediction techniques and future prospect. Curr Protein Peptide Sci, 2011, 12:
503-507

Yates J R, Eng J K, McCormack A L. Mining genomes: correlating tandem mass spectra of modified and unmodified peptides to sequences in
nucleotide databases. Anal Chem, 1995, 67: 3202-3210

Roos F F, Jacob R, Grossmann J, et al. PepSplice: cache-efficient search algorithms for comprehensive identification of tandem mass spectra.
Bioinformatics, 2007, 23: 3016-3023

Specht M, Stanke M, Terashima M, et al. Concerted action of the new Genomic Peptide Finder and AUGUSTUS allows for automated
proteogenomic annotation of the Chlamydomonas reinhardtii genome. Proteomics, 2011, 11: 1814-1823

Ning K, Nesvizhskii A 1. The utility of mass spectrometry-based proteomic data for validation of novel alternative splice forms reconstructed
from RNA-Seq data: a preliminary assessment. BMC Bioinformatics, 2010, 11: S14

Van Damme P, Gawron D, Van Criekinge W, et al. N-terminal proteomics and ribosome profiling provide a comprehensive view of the alternative
translation initiation landscape in mice and men. Mol Cell Proteomics, 2014, 13: 1245-1261

Blakeley P, Overton I M, Hubbard S J. Addressing statistical biases in nucleotide-derived protein databases for proteogenomic search strategies. J
Proteome Res, 2012, 11: 5221-5234

Fermin D, Allen B B, Blackwell T W, et al. Novel gene and gene model detection using a whole genome open reading frame analysis in
proteomics. Genome Biol, 2006, 7: R35

Brosch M, Saunders G I, Frankish A, et al. Shotgun proteomics aids discovery of novel protein-coding genes, alternative splicing, and
“resurrected” pseudogenes in the mouse genome. Genome Res, 2011, 21: 756-767

Branca R M M, Orre L M, Johansson H J, et al. HIRIEF LC-MS enables deep proteome coverage and unbiased proteogenomics. Nat Methods,
2014, 11: 59-62

Fu Y, Qian X. Transferred subgroup false discovery rate for rare post-translational modifications detected by mass spectrometry. Mol Cell
Proteomics, 2014, 13: 1359-1368

Zhang K, Fu 'Y, Zeng W F, et al. A note on the false discovery rate of novel peptides in proteogenomics. Bioinformatics, 2015, 31: 3249-3253

Advances in small protein identification

HE CuiTong"?, ZHANG Yao™ & XU Ping'?

1 Graduate School, Anhui Medical University, Hefei 230032, China;
2 Beijing Proteome Research Center, National Center for Protein Sciences (Beijing), State Key Laboratory of Proteomics,
Beijing Institute of Lifeomics, Beijing 102206, China;
3 School of Life Sciences, Sun Yat-sen University, Guangzhou 510275, China

Small proteins (SPs) are generally encoded by short open reading frame (sORF), containing 100 amino acids or less. Recent research
has showed that it is required for many crucial biological events, including signal transduction, metabolism, growth and so on. But for

the

research of SPs, there are many challenges because of the limitation of genome annotation and biochemical detection

technologies. The highly effective SPs appraisal or the identification technology is one of essential foundations for its functional
research and genomic perfection. This review highlights the difficulties, causes and solutions in SPs identification.
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