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Functional Analysis of the Promoter of NRXN2a Gene Coding
Synaptic Adhesion Molecule
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(Department of Pediatric Research Institute, Ministry of Education Key Laboratory of Child Development and Disorders,
Chongqing Key Laboratory of Translational Medical Research in Cognitive Development and Learning and Memory Disorders,
National Clinical Research Center for Child Health and Disorders, China International Science and Technology Cooperation base of
Child development and Critical Disorders, Children's Hospital of Chongqing Medical University, Chongqing 400014, China)

Abstract Neurexins are a family of presynaptic adhesion proteins which play critical roles in overall
trans-synaptic signaling network in neurons and circuits. Regulation of gene expression in transcriptional and post-
transcriptional levels affects synaptic plasticity and synaptic specificity. To investigate the transcriptional regula-
tion of NRXN2a gene, luciferase reporter plasmids containing different regions of 5" end of NRXN2a gene were
constructed and transfected into HEK293 and U-87 MG cells. Then, the promoter activity was determined by the
luciferase activity assay of reporter genes. Here, the promoter region of human NRXN2a gene (-911/+60, +1 being
the transcription start site) was defined. Then, further study identified the minimal promoter region of NRXN2a gene

(—58/+60), which was sufficient to initiate a basal transcription. Moreover, four regions with positive regulatory
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function (-911/-629, 109/-76, —49/-17, and —17/+60) and one region with negative regulatory function (+146/+238)

for transcription of NRXN2a gene were defined. In addition, the typical Inr (initiator) motif in the minimal promoter

was characterized. Collectively, for the first time, the promoter region of NRXN2a gene is characterized, and its

function in regulating gene expression is analyzed, which lays a foundation for further elucidating its transcriptional

regulation mechanism.
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Table 1 Primers and templates for genertating luciferase report plasmids of NRXN2a gene

Bk AR ER 515" —>3") S Ia 515" 3")
Plasmids Templates Sense primers (5'—3") Antisense primers (5'—3")
P4NRXN20-911/+60 HEK293 NRXN2a-911-BgF: GAA GAT CTG TAC CCT TAC NRXN20+60-HinR: CCC AAG CTT
genomic DNA AGG AGA GACC GAG GAT GCT CCG CGA GTC AG
PANRXN20-629/+60 HEK293 NRXN20—629-BgF: GAA GAT CTC TCC GTC TTT NRXN20+60-HinR
genomic DNA ATC CCAGCAA
P4NRXN20-394/+60 HEK293 NRXN20-394BgF: GAA GAT CTC CAAGTC GGG  NRXN2a+60-HinR
genomic DNA GTC CAC AGC

p4NRXN20-191/+60

P4NRXN20-629/+60

Digested by enzyme Xho I and self-ligated to generate

circle plasmid

NRXN20—109BgF: GAA GAT CTC TGG ACT GGC

NRXN20+60-HinR

NRXN20~76BgF: GAA GAT CTTGCG CTG CTC GCC NRXN2a+60-HinR

NRXN20—58BgF: GAA GAT CTGCGC AGC GTG GTC NRXN2a+60-HinR

p4NRXN20-109/+60 HEK293
genomic DNA GGCTTC TGA G
p4NRXN20-76/+60 HEK293
genomic DNA CGT CAGC
p4NRXN20-58/+60 HEK293
genomic DNA CAATG
p4NRXN20-109/4238  HEK293 NRXN20—109BgF
genomic DNA
p4NRXN20-109/+146 ~ HEK293 NRXN2a—109BgF
genomic DNA
p4NRXN20-109/-17 HEK293 NRXN2a—109BgF
genomic DNA
p4NRXN20-109/-49 HEK293 NRXN2a—109BgF

genomic DNA

NRXN2a+238-HinR: CCC AAG CTT
CCCATTTTACCCTGG TTC TC
NRXN2a+146-HinR: CCC AAG CTT
GCT AGC GGT GTC TGC CGC CT
NRXN2a—17HinR: CCC AAG CTT TGA
CGG CAG CAT CAG CACC
NRXN20-59HinR: CCC AAG CTT CGA
GAC GCG CGC ATT GGA CC
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A: schematic diagram of luciferase reporter plasmid pANRXN20-911/+60. Dotted box indicates the location on the chromosome of inserting fragment
NRXN2a-911/+60; B,D: schematic diagram of reporter plasmids for transfection; C: results of luciferase activity assay in HEK293 cells after 24 h of
transfection; E: results of luciferase activity assay in U-87 MG cells after 24 h of transfection. Data is shown as folds over the samples transfected with
empty control pGL4.10 plasmid. **P<0.01, ***P<0.001 vs PGL4.10 negative control group.
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Fig.1 Cloning and identification of NRXN2a gene promoter region

2.5 NRXN2oEE&H/NBoiFXIBE S BARZI0 H W FIRZ 0 A 31 oo, FATX-58/+60 F BLidk 47
B Ftinr TEFERB T Hﬁﬁﬂ%ﬂﬁ’ﬁﬁ'b)ﬂiﬂ?ﬁ#@
N T € NRXN2a L TR B /N A 8 1 X 0 75 3 F5 B UG 1 (initiator, Inr, LK 7 41 ybbcabw). TATA



1002 - BEFTIRIC -

(A) (B)
HEK293 —Cad paL10
911 PANRXN2a-911/+60
—629 PANRXN20-629/+60 ] *
~394 ————[Lud pANRXN20-394/+60
—191—» PANRXN20-191/+60
409—» PANRXN20-109/+60
DI S
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Luciferase activity (relative to control)
A, C: NRXN20J3 255 V) KR B 181 B: Fe UL HEK 293411324 hJ5 <6 SREHE PERL IS5 5L D: Fe4eU-87 MGHH 124 hJ5 5t 3 B I PEAG I 45
o HE TN FPGLA. 10/ 4L, *P<0.05, **P<0.01.
A,C: schematic diagram of 5" end promoter deletion plasmids of NRXN2a gene; B: results of luciferase activity assay in HEK293 cells after 24 h of
transfection; D: results of luciferase activity assay in U-87 MG cells after 24 h of transfection. Data is shown as folds over the samples transfected with
empty control pGL4.10 plasmid. *P<0.05, **P<0.01.
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Fig.2 Results of luciferase activity assay of NRXN2a gene promoter 5’ flanking deletion plasmids
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RrlZE R . Hls CARE A IEPGLA. 101 A5 4L, *P<0.05, **+*+P<0.001.

A,C: schematic diagram of 3" end promoter deletion plasmids of NRXN2a gene; B: results of luciferase activity assay in HEK293 cells after 24 h of
transfection; D: results of luciferase activity assay in U-87 MG cells after 24 h of transfection. Data is shown as folds over the samples transfected with
empty control pGL4.10 plasmid. *P<0.05, ***P<0.001.
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Fig.3 Results of luciferase activity assay of NRXN2a gene promoter 3’ flanking deletion plasmids
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A,C: schematic diagram of minimal promoter region deletion plasmids of NRXN2a gene; B: results of luciferase activity assay in HEK293 cells after

24 h of transfection; D: results of luciferase activity assay in U-87 MG cells after 24 h of transfection. Data is shown as folds over the samples trans-

fected with empty control pGL4.10 plasmid. **P<0.01, ***P<0.001.
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Fig.4 Identification of the minimal promoter region of NRXN2a gene
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NM_138732 [
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COCAGCGTGGTCCARTGEGCECETCTCORBEGCEE6CACTBGTCCTGATCCTECCETERGTCEETCT TECABGEATEECECE6CEEEAGCABCCECCETOACTCOCGERBEATCCTCETCOGAGABECAC ——my
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CGCﬁGCGTGGTCCﬁﬁTGCGCGCGTCTCGGGGGCGGGCRCTGGYGCTGFITGCTGCCGTCHGTCGGTGT TGCAGGGATGCGGCEGCEEEAGCAGT CGCCCTGACTGGCGGAGCATCCTCCTC!

A: NZE5-GRO-seq InrdL i 7

NRXN20-18/+46
F 7R 2 B: NRXN2aKE H 5/ i 2l X3P R (A% 0 J8 B0 F 0 30 AT o £ EHELR BT N Inc i 3 (14 ) 51 A0 7
C: dbTSSEH i ' NRXN2aZE K HITSS o« AL EHEL T 7n N InrZEFe, i Sk T4 INRXN202E K A 51 1 AR AR E, D: NRXN202E K fie/)N A 311 X
BRI L0 T RIZR TR NIneBE P, 3k BT N NRXN20HE K A0 51 LR ARTE, 21 UHELR R R NRXN 2aKE K- 18/+46 1 [X 3 .
A: consensus Inr sequence of human 5" GRO-seq; B: typical core promoter motifs analysis of the minimal promoter region of NRXN2a gene. The red
box indicates the sequence and the location of Inr motif; C: NRXN2a TSS from database of dbTSS. The red box indicates the Inr motif, and the arrow
shows the first nucleotide in first exon of NRXN2a gene; D: conservation analysis of minimal promoter region of NRXN2a gene. The red underline

indicates the Inr motif, the arrow shows the first nucleotide in first exon of NRXN2a gene, and the red box shows the region of NRXN2a gene from up-

stream 18 to downstream 46.

E5 NRXN2eEFH &/ EEFEERENZOBENF T inr

Fig.5 NRXN2o gene minimal promoter contains typical core promoter element Inr
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DA, R 754 28 52 5 41 i P R TA 8, FEAHIT 5T H,
FATIREL T 1o e YRR (1 HEK 293 24 Jfa A1 K i ok Y5
11 U-87 MG Ju 347 3 2 136 1 4R 9T, 7£ Human
Protein Atlas™ ¥k (https://www.proteinatlas.org/)+ £
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Table 2 Regulatory regions in the VRXN2a gene 5' flanking sequence (first base of first exon is +1)

JA BT X, Thie Y GE A SEORALE
Promoter region Function Start position End position
1 Positive 911 —629

11 Null -629 -94

11 Null -394 -191

v Positive -191 -109

v Positive -109 76

VI Null 76 58

Vil Positive -49 -17

VIII Positive -17 +60

X Null +60 +146

X Negative +146 +238

ATG

-109 -76 5849 17 +6 +146 +238

[II||||||||||||||||I|||||||||||||||||||||||||||||||ILII|||||||||||||||||||||||||||||||||||||1||||||||||||||||||||||||||||||||||||||||| |l|||||||| |||||LYJIIII n sismsssise

H m
(+) null null

IV V VI VI VII
mll (B mll @) null (7

Ja BT XM 3 i e 7 IE MR SIREX KL, V. VILL VIIL Fa i Ihae XX, m XKL 1. IV, VIRIIXEA AR, BTRiAses
RFAF T NRXN205E — MM T I —MRIE AL E o (H)FN() 43 52705 15 10 A A7 1 42 Th g X I

Promoter region, as determined by deletion analysis, fragments I, V, VII, and VIII are predominantly positive regulatory regions, whereas X is predomi-

nantly negatively regulatory regions, fragments IL, III, IV, VI and IX seems to be no obvious effects. Arabic numerals represent base sequence relative

to the first base of first exon of NRXN2a. (+) and (-) separately represent the functional areas of positive and negative regulation.
El6 NRXN2eEF 5T 2 X8 E (L
Fig.6 Mapping of putative regulatory regions of NRXN2a gene promoter
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