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Abstract

Objective: To systematically analyze the structure and function of Brucella L7 /L12 protein using
bioinformatics approaches. Methods: The nucleotide sequence of the L7/L12 gene and its encoded
amino acid sequence were retrieved from the NCBI database. ProtParam and ProtScale were em-
ployed to analyze physicochemical properties and hydrophobicity. SignalP 6.0, TMHMM-2.0, and
NetPhos-3.1 predicted signal peptides, transmembrane domains, and phosphorylation sites, re-
spectively. SOPMA and SWISS-MODEL predicted secondary and tertiary structures. ABCpred and
SYFPEITHI identified B-cell and T-cell epitopes, while MEGA 11.0 analyzed evolutionary relation-
ships. Results: The L7/L12 protein comprises 124 amino acids, exhibiting stable hydrophobic char-
acteristics (hydrophilicity index: 0.119) and typical ribosomal protein features (a-helix content:
69.35%). It lacks signal peptides and transmembrane domains but contains six phosphorylation
sites. Secondary structure analysis revealed 69.35% a-helices (Hh), 22.58% random coils (Cc), 6.45%
p-sheets (Ee), and 1.61% f-turns (Tt). Tertiary structure modeling (GMQE = 0.78) demonstrated
high conservation. Eleven B-cell epitopes and 26 T-cell epitopes (including seven HLA-A*02:01-re-
stricted CTL epitopes) were identified. L7 /L12 showed high conservation within the Brucella genus.
Conclusion: Bioinformatics analysis confirms that L7/L12 protein harbors dominant antigenic
epitopes, providing a novel molecular target for brucellosis prevention and control.
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1. 3]

A IR A2 P 27 2R (5 22 QR PEAT B, o] DAL DUAETE R v E ZEAHER AN B LB E I
W, (EAER 70 ZANEZKGAT], HETZmE & 7IRE 25 M. BIRX). BFERERFE. £ Be
EH Ik, GRRATAHURATIE T JULTE NR 2], INEEERA L EA G s Bk A g . 4iE
RERANEG, NEGA & RE E 2R EIB IR R Gy, KRB BCRI. 28=7). %
TR ORATERAL IR SREAR (3], AT R K B AL B TR MR, MELLE . A& [ vl 7R 44
P R S S, (H RPN IR [2]. Rk, RS RE S FEURILEI ARG EEE L. 48
ANAT IR TR 32 AR 73 T L 07 % ke e e 2 e, OO & IR B 255 B 128 1k 3 1) 1 7 R
B R HAIF E 4

i IO L7/L12 LR A S R RSP 2L, L7/L12 2 AR NS AR ST AR 5 A (0 T2
10 kDa)Z 54 IR N 8 1A 4] [5], L7/L12 SBREATEE 2B FEE RIS R I H 58 i 1) G g B 14 [ 6]-
[10], HE5H) 55 ThRE4PEfd H B A A0 B 2 0 70 DSBS bR o 1% 88 A LD SRR T SR TR BB A 3, 3
N ¥ 5 L10 ERAE R B, C smdid S 7 EF-TwWEF-G 45425 GTP /KMAHLAE[11]. Ho )% 20t
FAEY, L7/L12 MR RAL T EAL TSRk It a R & R X (80% LA 1), BN T 4ROt il nl ks e 1
BUE CDA+Thl A5 5 IFN-y 70, fEAMS 3 )% iR ¥R ORI 12]. AHOGSEERIESE, L7/L12 R
FIRBRA CMI [ [13], 3539/ P & IR BERAE /), HEAR A EA B R R PR N2, A
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NGB G v IR S BE SRR AR 1L 1O SR o AT FU T L7/L12 £EAT & IRIE S AW P ik 97.1%0
3 DR [ A % S 25 PR G B DRAP RGO 2 A 68 ERIRTPR 1K) L7/L12 B VAT AW B2 0 W IR A AT e
WL IR ARSI 5 G B W FE AL, X I A 5 K AR 12 W m) R e v fie (I B VR i i

2. ¥

FFh A& KB Brucella melitensis bv. 1 FRF) L7/L12 FER & H 4wl 8 5 AR T 5K H T NCBI
GenBank (http://www.ncbi.nlm.nih.gov/genbank) A1 R K445 B . L7/L12 EER 1D 4 KF362131.1, %
RN Ymi% A 1D v AGZ13505.1.

3. B
3.1.L7/L12 AR SR

M NCBI %4 b3R5 3 R 741, f#H ORF Finder (https://www.ncbi.nlm.nih.gov/orffinder) 43 #13F
T ) B AE

3.2. L7/L12 EBNEYERES

KH Z P AEYE B T RXS L7/L12 B A AR R S5 MR IR R T R 7 b B 56, 2E T Expasy
B4 ) ) ProtParam (https://web.expasy.org/protparam/)F1 ProtScale (https:/web.expasy.org/protscale/){f £k T.
B, % L7/L12 EERN—REWSHN5 8. 58 A5 KCEBUK S M T 4 E S50k . BES,
FIH SignalP 6.0 (https:/services.healthtech.dtu.dk/service.php?SignalP-6.0)7F £k i 55 #% %1% 55 1 N {5 5
FE B EAT T, DL HR ARV TR I i i . TERS IS M) A J71H . SR TMHMM-2.0
(https://services.healthtech.dtu.dk/service.php? TMHMM-2.0) 50257 L7/L12 & A K55 B2 HE X 3834785 1 iR
Wl DAHRR R SO A B H . MAh, 5B NetPhos-3.1 fEZE 0T &, X L7/L12 EAF 5 iER
7R I BN S BRI A A M A7 s AT T, DAVPA T B 1) H R IS TR AL

FEEE A G TN 7 1, 5 %6ifid SOPMA
(https:/npsa.lyon.inserm.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html)7E2k T A% L7/L12 &HH
(1) R AE R R o-HR0E S B-HTB s TERNAE #5537 THE AR, i — P FIH SWISS-MODEL
(https:/swissmodel.expasy.org/interactive) R AR &, £ T ORI E F BRI L7/L12 HEK=
e R, AR TR AR DhReI. fERIZR o trd, 485312 ABCpred #1 SYFPEITHI #
FREEZE TN T, Z30J5%F L7/L12 S AW B 4UMu 26 PER A AN T 40 MHC 256 R AT RATiE, HRE
BV E I BLAE B U SR 1 e DR R AL, N RS R BT R LB

e, AT, i NCBI 84 e (¥ BLAST TEXF L7/L12 & [ 35137 RV LT,
i 4 v BEAR A AN 51 25T MEGA 11.0 8RB KALSATE (Maximum-Likelihood, ML) RA K H
B, JEiEIS Bootstrap A% (1000 KE &) VFAL 7 S T HEME, BEMARN L7/L12 & EEARY R ok
B PARSEPERHIE o

4. 58
4.1.L7/L12 ZAMEBLAERE—RLEWN

AR gD X A 375 AL, B AR 124 DNEIERI 2 INEE . EERARSN BN, W
FER(Ala) 5 EL R E1(24.2%, 30 ML), HICANBEBR(Glu, 12.9%, 16 ). BEER(Lys, 12.1%, 154)
M RZ IR (Leu, 11.3%, 144N HH D T3R50 EIARMERE, 7 IER ARt 16 4>, 77 it ik
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B 224 WO FEiRE, ZEEH 1813 NMEFHR, HAF Ny C555H932N1460179S1. i i
DFFAEXS 73 BN 12546.44 SE/R . FRTHRE R, ZE AWM H S (pD)N 4.79, #&RHAEAHE pH %
R AT RE RN DGR R, DGR ECN 5500 M Tem ™ I, i8R FIAE 280 nm AL IO
FEAE N 0.438. N iy R S0 IR (A7 AE S L T P2 JHIA 3] 30 /Mo il AR5 B30, A e
BREFRIEECN 108.87, AFEMIEEACN 18.55 (<40), RIALEAH BE KL MR EME,

4.2. L7/L12 BARETR KM

il ProtScale Tt L7/L12 & (A1) 20 Fha IER AT SR AR M HT, 45 1 BoRiZ 8 A ISR K S 3
I BARFAEE A B RSEAKAEN 1.956, it/ MEN-1.856, “FRIEKEFRECN 0.119. #4E Hopp-Woods
SEARMETEANFRE, 2 PR BOR T B E R L7/L12 | AR SR . (AT ENE, BEAF
A1) e i) ) A7 A i 35 S K X S (B 3 1.956) MR 7K X IR (I I 2-1.856), (HEARATI LA /K M B A £ T 1X
TSR IR S5 B /K o3 A B2 AT A5 H VR AR IR 2R (1 0 45 AR IE AN E W2 T e 2 UIAR G, Rl R AR R A
JR - O i AR 2 DR AR ELAE AL (B 1),

ProtScale output for user equence
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Figure 1. Distribution pattern of hydrophilic and hydrophobic regions in the
L7/L12 protein molecule
Bl 1. L7/L12 ZEE 5 FHFKMEMFUKEXER 2 HENK

4.3.L7/L12 AW — LW

JEIT SOPMA TEZL T HXF L7/L12 & [T s/ Tl , 3R &S50 ot i A s E g 23 R (1] 2):
a-12JiE(Hh) 69.35%- TN I (Ce) 22.58%- S-H1E(Ee) 6.45%F1 B-15 F(Tt) 1.61%.

4.4.L7/L12 ZEANESHK. BEX R SEERBHEE AL TN

SR 3) LB (4 B8, L7/L12 AN RENE ST, [R5 4 $il
TR A A 2 0 B s R A #d, RIAZE AW R AR A HARSE & H . #— PR A NetPhos3.1
WAE XS B BRAAB AL s AT B 5), S5 RBIHZE QG 3 MBTE LR (Ser) BEER AL AL s AT 3 N
TR (Thr) AL A, 78 L7/L12 W] 6852 BB 5 1B S5 12 1m 12
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Sequence length : 124

SOPMA :
Alpha helix (Hh) : 86 i 69.35%
310 helix (Gg) : 0 is 0.00%
Pi helix (Ii) = 0 is 0.00%
Beta bridge (Bb) : 0 is 0.00%
Extended strand (Ee) : 8 is 6.45%
Beta turn (Tt) = 2 is 1.61%
Bend region (5s) = 0 is 0.00%
Random coil (Cc) = 28 is 22.58%
Ambiguous states (?) : 0 is 0.00%
Other states : 0 is 0.00%
Il At
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Figure 2. Prediction analysis of the secondary structure of L7/L12 protein
& 2. L7/L12 BB ZREMHTUN 547

SignalP 6.0 prediction: Sequence
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Figure 3. Prediction of the signal peptide sequence in L7/L12 protein
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Figure 4. Prediction of transmembrane regions in L7/L12 protein
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NetPhos 3.1a: predicted phosphorylation sites in Sequence
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Figure 5. Bioinformatics prediction of phosphorylation sites in L7/L12 protein
5.L7/L12 B #EBR IR SR EYIERE TN

4.5. L7/L12 EAMN =R TN 5

K H SWISS MODEL 5 [ it Z5 ) 7 & % L7/L12 8 [T = A5 B #r(4 6). it f5 LA
i K RL7_BRUO2 S5 MR A5 ASVRI6.1.A)Y NS, RGN =4E4E MRl 1% T
LR HE RS GMQE (2 R PRI 1R 0L S 0.78, J741— M (Identity) Hiik 99.19%,
FOMIE AR S HAR 8L A L7/L12 BB AR S AU . XSS HER I, TR B3I = 4 25 f i Y
RERSAERf S L7/L12 85 (A 10 B S 2 (A RURFAE

Figure 6. Computational modeling and prediction
of the tertiary structure of L7/L12 protein
B 6. L7/L12 EE ZREEMBITTERBL S TN

4.6. L7/L12 ZEB IR RN

KH ABCpred HiEXT L7/L12 A M) B ARG L A AT I3 . 7EB0E BUE N 0.58 I%&AT T,
HLEEH 11 ANEAREREEMER B MRRBPERMGEE 1), FE, ZH SYFPEITHI & X T 4/
MEFBN AT RGN, 8 ER: HBEMEBN 21 K, L7/L12 EEHAE 74 HLA-A*02:01 nonamers [
HITE R CTL 4 AT R R AL(E 2), BA S 19 4~ HLA-DRB1*0101 15-mers FR#ll ¥4/ Th 4T R R ALGEE 3).
XUETRZE AR T L7/L12 R AEBER R IR 05, NESE Wittt ¥ EESH K.
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Table 1. Prediction of B-cell antigenic epitopes in L7/L12 protein

%= 1.L7/L12 EHE/Y B AR R AT

e AR ALF S BER IO E W
1 AAAAEEKTEFDVVLAD 49 0.87
2 EAEKIKAQLEAAGAKYV 106 0.74
3 KDLVEGAPKAVKEGAS 88 0.73
4 AVKEGASKDEAEKIKA 97 0.70
5 DVVLADGGANKINVIK 59 0.67
6 AAELSKLLEEKWGVSA 19 0.67
7 GVSAAAPVAVAAAGGA 31 0.66
8 TGLGLKEAKDLVEGAP 80 0.64
9 GGANKINVIKEVRALT 65 0.62
10 LLEEKWGVSAAAPVAV 25 0.62
11 EDLSALTVLEAAELSK 9 0.60
Table 2. Prediction of MHC-restricted CTL epitopes in L7/L12 protein
2. L7/L12 EEMMREIME CTL AR R R AT
R UERALF S BIERE IO E W
1 KIVEDLSAL 6 26
2 KLLEEKWGV 24 26
3 DLAKIVEDL 3 25
4 QLEAAGAKV 113 23
5 GLKEAKDLV 83 22
6 LADGGANKI 62 21
7 NVIKEVRAL 71 21
Table 3. Prediction of MHC-restricted T-helper (Th) cell epitopes in L7/L12 protein
% 3. L7/L12 BEMMREIME Th AR R AT
e AR ALF S (AR Yy Gl A W
1 IKEVRALTGLGLKEA 73 36
2 LSALTVLEAAELSKL 11 34
3 AKIVEDLSALTVLEA 5 32
4 VRALTGLGLKEAKDL 76 27
5 LTGLGLKEAKDLVEG 79 27
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gk

6 EKIKAQLEAAGAKVE
7 EEKWGVSAAAPVAVA
8 AAPVAVAAAGGAAPA
9 KTEFDVVLADGGANK
10 DVVLADGGANKINVI
11 PVAVAAAGGAAPAAA
12 MADLAKIVEDLSALT
13 VEDLSALTVLEAAEL
14 SKLLEEKWGVSAAAP
15 AKDLVEGAPKAVKEG
16 ANKINVIKEVRALTG
17 INVIKEVRALTGLGL
18 LEEKWGVSAAAPVAV
19 KWGVSAAAPVAVAAA

108 27
27 26
35 26
55 26
59 26
37 25

1 24
8 24
23 24
87 24
87 24
67 23
70 23
26 22

4.7. L7/L12 E AL

5T MEGA11.0 840 L7/L12 S AR 7 T A 45 R (& 7)BoR: F R & IR (Brucella
melitensis bv. )] L7/L12 ARG K E L2 2 Z R R R 1 . 2B S M & KR
PEHIME M5, RATE IRE(B. canis). #8254 E [T (B. pinnipedialis)~ V- FiAi & B (B. abortus) LA K Fh
A0 IR (B. suis) RER—NEHEMENY L, RPXLERERAFERILPESEE R R HRFEERE, %
BEAG O 5 M AT & IRBE E R ALY P I SC R TR 70 5, 487R 7 A0 & B8 N AN 7] % B ik 18]
L7/L12 EER Tl E R . X—RIWNEEAERFEBRD T RAKERFZRME T HELEK,

Tree scale: 1 F————

CABB80308.1 ribosomal protein Arabidopsis thaliana

KIX91294.1 50S ribosomal protein L7/L12 Staphylococcus microti

WP 198513177.1 ribosomal protein L7/L12 Brucella pituitosa

WP 421505576.1 ribosomal protein L7/L12 Brucella pseudogrignonensis
EMB91448.1 50S ribosomal protein L7/L12 Streptococcus mutans A19
508 ribosomal protein L7/L12 Pseudochrobactrum'

ABS14662.1 ribosomal protein L7/L12 Brucella anthropi ATCC 49188
ELT49841.1508 ribosomal protein L7/L12 Brucella intermedia M86
AEM18582.1 508 ribosomal protein L7/L12 Brucella suis 1330
SHO31038.1 508 ribosomal protein L7/L12 Brucella abortus
A1J90560.1 ribosomal protein L7/L12 Brucella melitensis bv. 1 str.16M
AlJ95409.1 ribosomal protein L7/L12 Brucella melitensis bv.2 str.63/9
KFJ59312.1 ribosomalprotein L7/L12 Brucella neotomae 5K33
Al1J81610.1 ribosomal protein L7/L12 Brucella canis

AGZ13505.1 L7/L12 ribosomal protein Brucella melitensis bv. 1
Al1J86046.1 ribosomal protein L7/L12 Brucella melitensis bv.3 str.Ether
Al1J73661.1 ribosomal protein L7/L12 Brucella pinnipedialis
AAAS56790.1 ribosomal protein L7/L12 Brucella melitensis
ABM47417.1 ribosomal protein L7/L12 Brucella melitensis bv.1 str.M5
ATK04883.1 ribosomal protein L7/L12 Brucella abortus

Figure 7. Construction of the phylogenetic tree for L7/L12 protein using the Maximum-Likelihood (M-L) algorithm
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5. i1ig

Asr G HEZMAME RS TR, XMAEIRE L7/L12 AN S Eed T 2RS0T, SRR
NSRBI HAE N B ¥ A A AR, PSS R EOR, ZEAH 124 MRS, BEREIHIK
B GEKMESIME 0.119)F1d UMK B (IAFAE, a-080E A EL 69.35%, 747 & MV B 1 () S 7R 48 W AT
X PR i FR e YR AR AR R B AR 5, 82 5E ARG R E B R, ERAPER 7T, L7/L12
HERI B2 MW ERE. BT R, FAEW REERRIEEEL 108.87, AR E M
BN 18.55, WX THEAR AT EERE 40, X 45BN T iZE&E A A& i EfE
P

[FII A 5 K S, TNAEAE 6 MERRAAL S NLEIR. 3 NAERR), #2278 L7/L12 EAM
THAE T REE L AN T IR R 21 S 51 . TN 4E RRWNIZE A = U IR aE Mk, R HnT
e I 5 2 (S ML A S A0 MR T, X — M ARRE 1 S (T 7R S e 1 25 A A P SOG4t 2%
AR IETUA[14]. =S5 M B R H 454 i FE AR 5F(GMQE = 0.78), R B TR B B A & B ] 58
P, N ER AR Th RE S A AN T TR (0 25/ R A 45 A s B AL T TR IR T AR AR I A

PURRAL MG L 11 4> B 40 L A7(tn AAAAEEKTEFDVVLAD, 43 0.87)F1 26 > T 4l A7,
B35 7 A~ HLA-A*02:01 FR#|¥E CTL FAL(4n KIVEDLSAL, 34> 26)% 19 A~ Th 40 % A7 (4
IKEVRALTGLGLKEA, P45 36). iX 8R4 Z A7 T35 /K X, 7 &P 5 78 7 2 5 T8 1 i R M 1L,
Hg RS RE RGN A, XTI SE R BEAE S IR AT R IE G L7/L12 B B G SR 1 4 e
FHRERE[6] [8]-[10] [12] [13], ilt, Kurar %[ 10140 & BUEE[81HIB FL R WY L7/L12 AR B Ae 5 3 S B
Mallick &F[91FIFHEH L7/L12 & H#IE RGN WA FRR TR 2077 Huy S5[13]10ScH it 7i ik
S L7/L12 (2 WAL A A e 20T Thl SENE. ATFRHNNEE LEiron T s
FrJCHAE Thl BURAL), MR L7/L12 GeA 205 240 AT B (CMI), Feal2 0% CD4+ Thl 4 Fi{e
B TFN-y 2 3A[12] [131F94 FHLHISR 4L TIBAE A SRR . H L7/L12 AL E KE 8 N & R AR (LA
[FURTE 97.1%), SFEM. A-Fh, RERRSER RN BT 03, SCRFHAE N S B AR 0 ), T
PR A19 19537 22 3R N TAEAR AT RE S 80Th RERLA

gi b, IO A E R b 4 g B T A SR, L7/L12 MARRE S MR
Je 25 GBS, AT DB B B 1 U2 0 B 92 1 ) R2 W alR T R S i T DR i A, e
RIACAIRN BFFAT & IR I BUR 2 TR L TR R, TR X A & PR R 28 5% 1 A
W ke T EE B IERE[15] [16]. JEZEFEEE ELISPOT. ELISA 25 Szibib il 7 o 5k, If
GEA X SR RAT S B R B R R T IL S EF-TWEF-G S HAEE AME SMsiH, IR EmR S
P BT A PN 2B A7 B 8073 v 1 EL AL

SE 3k

[11 EBEXR, 2. SFRAMAG RERRATIFIET]. PHERATR Y248, 2020, 41(10): 1717-1722.

[2] MKwar, ZEipuk, ZEm, 5. AT QR R )R A EBURHLEIE R R (0], 5 RO K 3 2R RN ),
2020, 35(5): 413-417.

3] PBRZes, A, TR, % A REREBGREZEN Meta 24T[]. B RAEYFIE, 2023, 18(8): 892-
898.

[4] Golshani, M., Rafati, S., Dashti, A., Gholami, E., Siadat, S.D., Oloomi, M., et al. (2015) Vaccination with Recombinant
L7/L12-Truncated Omp31 Protein Induces Protection against Brucella Infection in BALB/c Mice. Molecular Immunol-
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