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FEE: ¥ 36 R MEME C57 /N BUBE HL 4> Dy Xt R 20 (Sham 20 ) | 3.5 MPa f7i fisi #f 5 157 ( blast-related traumatic brain injury,
bTBI) 4. 4.5 MPabTBI 41, 5.5 MPa bTBI 41, 4.5 MPa bTBI+4= # £h 7K 41 (bTBI+SA 4) . 4.5 MPa bTBI+/N 5 F £ Ik 4 (bTBI+
TAT-FERM 41), &4 6 H; ¥ 12 X Preso /N R B Hl 43 4 Sham 41l 4.5 MPa bTBI 41, 41 6 K . X/ R #E 4T bTBI i&
B, 58 %5 & A 3% 2 B, 4.5 MPa bTBI+AE 2 £ 7K 41 f1 4.5 MPa bTBI+TAT-FERM 41 7E bTBI i& 1 J5 45 K il i B # bk 44 25
VIR, ESL 2 5d. 55X BALAHLE, 3.5 MPa bTBI 21 /)N B £E & AR 47 4 U8 AN &2 35 4.5 MPa bTBI fil 5.5 MPa bTBI 41 /s
S H B A 4% 5 7 3 5 5 (posttraumatic stress disorder, PTSD) FEAEIR o 5 5 HE 20 AH LE, 4.5 MPa bTBI 41 Preso/mGluR1 & &
R T %38 I, 1 B TAT-FERM 1] BH W Preso 5 mGIluR1 FIA4H B AE H, 7] 76 A 248 Preso/mGluR1 & & & H 0 T HE AR
HI 1% &L T M Preso/mGluR1 52 & R 2 B, F H 2 bTBI BT 5 B0 PTSD JE K« bTBI {2 ¥ Preso/mGluR1 5 & 1 JE iR &
bTBI i £ PTSD Jiit IR ) 2 2 3 7% B AL, 38 3 B I Preso 15 mGIuR 1 A E. 1 ] A ek 4% bTBI % PTSD K20, 3k 1 M ih
J7 bTBI AH G (1] PTSD 241 TS 70 2.
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Role mechanism of the postsynaptic scaffold protein Preso in the induction
of post-traumatic stress disorder by blast traumatic brain injury
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Abstract: To investigate the mechanism of post-synaptic scaffold protein Preso in the exacerbation of post-traumatic stress
disorder (PTSD) by blast-related traumatic brain injury (bTBI), thirty-six male C57 mice were randomly divided into the
control group (Sham group), 3.5 MPa bTBI group, 4.5 MPa bTBI group, 5.5 MPa bTBI group, 4.5 MPa bTBI+saline group,
4.5 MPa bTBI+small molecule interfering peptide (TAT-FERM) group, and 6 mice in each group. And twelve Preso™ mice
were randomly divided into sham group and 4.5 MPa bTBI group, with 6 mice in each group. The mice were subjected to bTBI
modelling and were routinely kept for 2 weeks after completion. 4.5 MPa bTBI+saline group and 4.5 MPa bTBI+TAT-FERM

group were administered once a day through the tail vein for 5 consecutive days after bTBI modelling. Compared with the
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control group, the anxiety and depression behavior of 3.5 MPa bTBI mice was not significantly changed. Mice in the
4.5 MPa bTBI and 5.5 MPa bTBI groups showed significant PTSD symptoms and promoted the formation of the Preso/
mGluR1 complex. The use of TAT-FERM blocked the interaction between Preso and mGluR1, inhibited the formation of
Preso/mGluR 1 complex without altering the expression of Preso/mGluR1 complex component proteins, and ameliorated PTSD
symptoms caused by bTBI. Results display that the promotion of Preso/mGluR1 complex formation by bTBI is an important
molecular pathological mechanism by which bTBI induces PTSD symptoms. The effect of bTBI on PTSD can be attenuated by
blocking the interaction between Preso and mGlIuR1, providing a potential target for the treatment of bTBI-associated PTSD.

Keywords: blast traumatic brain injury; post-traumatic stress disorder; postsynaptic scaffolding proteins; metabotropic

glutamate receptors; small molecule peptides

15 i 451 457 (traumatic brain injury, TBID) 2 IR 4 v fe BB B 5 2, b KE 24 | M s S R R T =
A B el D R AR PG A 0 P R SR T SR A ORI A N AT IR S VR A R Y R, AU et
(blast-related traumatic brain injury, bTBI) 1Y & 4= 4% 10%, HA 15% i bTBI 14 b &R (G red:— &
B3 S 1 O BN 3 S, ARG S I 185 % 5 ( posttraumatic stress disorder, PTSD) iz #5131 PTSD J&—
A e B BN S 14 S B P TR R, R B G B3 e i At B S g . R T IR 37 95 A I PRARE,
X} 5 E AL 22 1 M K 4H . B R, XFF bTBI 5 PTSD 22 [8] 72 A AH e M 1 EARPL M A T 26, S8k
A2 Wi bR RN 25 69T R A

KSR, TBL 5300l 28 o 2% A e M 00 02 5 | 48 PR B 35 19 J BEAL ) 2 —, 5 5 fi
Ja A E R BEZ AR TN RE T 1 VA M Preso(WLFR Presol) S 31 & PR A — Fh 28 fb J S 2026 (1401, Wl 3d
i H: FERM &5 #4458 5 1% i P 25 & R 57 7K (metabotropic glutamate receptor, mGIuR ) JE i, 28 fi J5 265 (1 & &
A, FERZE TS Ml ] S M T i R R R EEAE D, 205 & B, TBLJG Preso {2 i mGluR1
T g e % YR, HEHAARHLH] 5 Preso/mGluR1 & SRR IE Wi %, {H 2, Preso/mGluR1
2 G RTE bTBL 55 PTSD FEEEIEINARTT A A VE F i AN B o AL, AR 58 7644 2 /N BRL bTBI ASE 78 (1) 5%
fili I, ¥R Preso/mGluR1 & &R 7E bTBI AHC PTSD Hr i/ AL -

1 HRS %

1.1 L)

ARSI R 2 8 JEIE B HEYE C57 /NEURT Preso J& H R bR (Preso™™) /INRR, 43301 FH 25 B 42 R R 2F 5L 1K B
Yrrbuc A L s R E R A FIER AL . /N ERIE FRTE 20~25 C IR, BHRESE RS 12 h : 12 h,
WA R, Bl g5k, K36 B C57 /NG MR 1 JR)G, FEAL A% I 41 (Sham 4H) | 3.5 MPa
bTBI 4. 4.5 MPa bTBI 41. 5.5 MPa bTBI 41, 4.5 MPa bTBI+4: B £h 7K 41 (bTBI+SA 41) 1 4.5 MPa
bTBI+/NiF 2 K41 (bTBI+TAT-FERM 41), 2045 6 H; 4% 12 H Preso™ /NRGE BRI SR 1 S, BEALS:
7 Sham 41 Fil 4.5 MPa bTBI 4, 4145 6 H o AT sh Wy SE I 3 4028 A e R2E s e 38 22 L s b e, oF
ATES A 20210419,

1.2 7%
121 HHEEAES

AL SR BST- T B A 3 48 (B 4242 5 R 2% KPP e ) BE48L bTBI. H4H 6 H/N RIS i T
A=W A A v I ) [ 2R L, B SR A R B R A 10 em Ak, HLIAA T [R]— 2 B 1L, A0Sk AR )
e PR UE 7 1), TR] B e YR A R ok B (BR S B R J1 40 51k 3.5, 4.5 5% 5.5 MPa) 1 il FRL UK bTBI.
122 #HomT#Mm

SIS P FH /NG T2 K TAT-FERM HH R 5% 4 37 B 23 /45 B, 38 3 /0N B e ik e 5 1) 7 =00
TAT-FERM LA 3 nmol/g(/NRAKTE ) /K 10 pg/g BRI 4524, 4.5 MPa bTBI 1M J5 #4245 25 5 d.

123 W5k
B 5 R SE R 40 em x 40 em x 35 cm, I HT B 20K 3 SR 6 TR HB . CE 9 LA R e
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F 75% AR 15 FRIE R, B 1k 2 w008 BB AR B 00 AR L DR/ S5 e N K R A 2 5 KD BB R i LI
H I S AR i b S DR, P A SR B T, A /N BRSO AR O R T Bl
D28 o5 22 ] 75% TR T B 2R W AR IR, S50 T /5 4/ BR Ak 2 42 DA 1 S8 (DR —
HU/IN BT R 0RE 58 248 %) o A Smart 3.0 #8373 B 384 18— 20 73 /N BRUAE 15 min AE RO 7 1Y
UBRZ SRR A 4 b an 2RI BROEART ) 2R 0 i e A vh mlis 3, B Ch R iR AT, Sz R A
BT M.
124 HRTFRETER

ot AR R B R R A B R B A R A B, B S b TR R ST em, &K 66 em, FE 5 om,
PR a1 15 emy, WA 2] 75% T90RS 18 A DR 20 T ok B R S U, R T BRI — A T
TCWRE (Y FRAE S0 PR 5 /0N BRI 33 8 PRI, 8 1) S0 38 /N RS R TROPE e 2R ok B e S i rh o
DI, I T 1] FFREF, 7 b 5 5 F 2 i 1Y) 2 5 S 0 45 R o BB e [ ) 3 G, Al S 3 5 I Bl
Pribricds B, 1 75% RS FAt i i ok, SR T e /N R4k E DL FSCK . A Smart 3.0 1
HRERA 33— 28 5317, A2 s/ BRUEE AT (93K 22 (open arm entry, OE, n,,) Fli#E A JFiE i} [H] (arm opening
time, OT, ¢,,), #E A M B9 L (closed arm entry, CE, n,,) FlHE A PR () 5} [8] (arm closing time, CT, ¢,,), 718

ANBUE A TFRE B T4 H v, = —— x 100% L J% 5 A TP T 43 By, = — 2 % 100% .
125 #EFFILFE R (Western blo‘[;c ) e

bTBI #5555 17 d AR H 3 /N AT o R EIC A4 58 SE 50 . $RBUER I I, 783 S 1) /N U 2 i 2
ZURE AL TP RIPA BT A1, B0 5 B S, A 4F i 8RR A T —80 °C R A7 i BCA Y& E
RS BE, 72 10% 110 5 T 965 TR I 458 e v L Uk, 5 I 28 PVDF I8, 5% AR 4= 53041 2 he —¥T Preso
(1 : 1000, Abclonal) , mGIuR1(1 : 800, Abcam) . B-actin(1 : 1000, Proteintech) T 4 °C W¢ & i 1%, 7EH IR N
ZPUEE 2 h, 7 & 61 (ChemiDoc Touch, Bio-Rad) X} 4545 & 6 o
12.6 7 AH-474 (H&E) % &

bTBL #8555 17 d T4 3 H/NE#E T H&E B0 F A SR ar i A ZH 2R U0 AR 10 pm #2805
FCA F B B 2 min, FHRIKIZA 95% LT 70% 2B ZEME K P AT K AL 3, 457K 478 2 min, ¥
WK G B0 R IR 12 A hematoxylin ekl Z810K . BRYEVEZFI A eosin G2kt 10 min, FRR KI5 247
7 WA AL Ab BRI
12.7 %it 3547

SERBE LA x5 #7R, A GraphPad Prism 9.0 #1780 iT A0 Mr S51EK . Z 411 R BCR F R R R Ty
224381 (one-way ANOVA), #5722 550, M Turkey #5632 AT P4 10) Lb 4%, A P<<0.05 FRE4E BA
it

2 & B

2.1 bTBI A[iES/\R PTSD HEEHIERITA

A3 S 8K Bl B R F1 R 3.5, 4.5 A1 5.5 MPa (48 KE vh il i g a7 /N B bTBI A AY, I I i 2 (& 1) 12
o1 /N LB S bR B vho A R4 1 225, 360 F1 410 kPa, 7EXEKES 4 15 d FIEE 16 d 43 3%t
A AN AT S S M R AR R E LR AT A R . WSS R R (3R 1), 55 Sham LA 1L,
3.5 MPa bTBI 41 #F A 0 XSk £ORT 0 IX 382 Bl B9 A 43 L JE B B 25 55 4.5 R 5.5 MPa bTBI 413 A
0 B A UCRIORN 0 DX S50 BB 8 1 40 L B R AR (P<<0.05) . 2R 17 sk B LRSS R (£ 2),
5 Sham ZIAH b, bTBI 45 ALk ATHE B 73 () AEEATHRE B 18] 11 53 HE () 39 R 5 R AIR (P <
0.05), FEMERIEHE 17 d H&E Y4 7R (& 2), 5 Sham 1A 1L, 3.5 MPa bTBI 21 /)y A UL L ZH 4, 4
45454935 4.5 F1 5.5 MPa 2H J JZ H AU BLAR - A I 45 M e IR o LA B 45536 B, bTBI 7] %55 /N il PTSD
FEFE EIARTT R o
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Fig. 1 Three types of waveform curves for actual loading of blast shock wave with different driving pressures
R1 AHENRIIFHIWERIEE R2 4HNRERTFRELEERMILIE
Table1 Comparison of results of four groups of Table 2 Comparison of results of elevated cross maze
mice in open-field experiment experiments in four groups of mice
Lol HEA LG KARRE il XIS Z R B 43 L% S Vioe /% Yior %
Sham 5.83+0.65 15.1241.74 Sham 14.02+1.32 12.15+1.55
3.5 MPa bTBI 5.67+0.52 14.75+1.55 3.5 MPa bTBI 10.57+0.83 10.03+0.54
4.5 MPa bTBI 4.3340.44 10.43+1.16 4.5 MPa bTBI 9.41+0.96 8.11+0.88
5.5 MPa bTBI 3.50+0.55 7.47+0.37 5.5 MPa bTBI 5.38+0.75 4.95+1.28

Sham

3.5 MPa

5.5 MPa

K2 4 H/NEUIKHS HE JEBE2R 010 LA

Fig.2 Comparison of HE staining results in brain tissue of four groups of mice
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2.2 Preso” &Y bTBI &% 5 K WL ER & £ EH A HE1T A

Zhang 51V [ & 257 Preso” sh¥), 5256 ¢ BH Preso 3k K B3 AS 52 i ek B W0 4F /N LKAz 3l AR SR AN
ZEHICAL . N T #i5E Preso J& 155 bTBI 5519 PTSD FEAEEHNARTT WA 6, LIRS BIE 14 4.5 MPa
AR K il D ST bTBI AR, S8 i 3 S0 30 A 2+ 2k B S X Preso” /NRIEATAT AR . W7
SEERAE R (3 3) WoR, 5 Sham ZHAH LG, bTBI 4L A Hcs X3 vk For s IX Bz gl i 2 A 41 Lo 22
o MATTFRE LR (K 4) R, 5 Sham AL, bTBI Ay, My, LA EZES . LI ES5EERY,
Preso A] fig & bTBI 55 PTSD FE A& SRR S B M K .

&3 2% Preso™/NRE AL R R4 24 Preso” NRERTFRELWERILE
Table 3 Comparison of results of two groups of Preso™ Table 4 Comparison of results of elevated cross maze
mice in open-field experiment experiments in two groups of Preso™ mice
Iy PATOKERE OIS S E 5 % Iy Vioe /% Yo%
Sham 6.3340.65 14.81+0.84 Sham 13.34+0.98 11.15+1.43
bTBI 5.33+0.52 13.94+1.35 bTBI 12.55+1.28 10.03£1.24

2.3 Preso/mGluR1 £ &7 bTBI FHIFRIEZE L

bTBI #ifii )5, XF C57 /N UK 41 21 £ 4T Western blot &1, 4% 5 2 7% bTBI 0 41 AY Preso Al mGluR1 5
Sham 4 A b 23k T0 i M 22 5 (K] 3(a)) o — 20 M S L UTVE LS S R bTBI 41 Preso 5 mGluR1 2
[] 4 AH AR LB 5 3 2 (P<<0.05, K1 3(b)) o DA E&5 R 4E/R, bTBI 3 A 521 Preso/mGluR1 & A& H AH 56
TR RIE AR, M SN Preso 5 mGIluR1 2 [B] (A AH B AEH, #Emife i Preso/mGIuR1 & AR FIIE B

g 1.5 ) 1.5 ) 2.5
Sham bTBI % - : % 2 Sham bTBI % = 2‘0
T510 3410 S205
mGluRlEI g3 05 8*% 0.5 Preso IE‘ 5% 10t
o oY o =Y o™
Z & 2B P-p ZQost
© 0 g © 0
22 Sham bTBI &~ Sham bTBI & Sham bTBI
(a) Western blot for Preso and mGluR1 (b) Co-IP for Preso

3 Preso/mGluR1 & #3K1E bTBI J5 ) #RIAE L
Fig. 3 Alteration of Preso/mGluR1 complex after bTBI

2.4 TAT-FERM A][EKT bTBI f5 Preso 5 mGluR1 Z [8/ {91 E{E

B Xt Preso 5 mGluR1 Z [8) A AH BLAE AL s 351/ INrF T 2 Bk TAT-FERM(GRKKRRQRRRPQKT-
LYNVEEE), BHIi Preso B FERM £5#4 5 mGluR1 fJ45 4 . Western blot 453 i /<, bTBI+TAT-FERM £
5 bTBI+A FER K (SA) AR LE, Preso Fll mGluR1 Y 1A K W] &t 2k 22 (5] 4(a)), {H Preso 5 mGluR1 4 4H
HAE B E W (P<0.05, K 4(b)), X F B TAT-FERM £ 2CBHWT T Preso 5 mGluR1 Z [H] 9454 .

bTBI bTBI
P E—— 2 2 2
SA  TAT z 20 5 ~15 SA TAT z LS5
5= 5 .8 5o
o = 0 = o 32
Preso | e © = 1.5 =3 MGIUR | | - e— =210
g g galor g l0r
2310 i3 iz .
mGIuR ] | - — ° 2 °S05 Preso |"ild = ° 205
2 205 4 - L0
B-actin |- amm»| = 0 =2 ) IP: Preso 5=
[~4 SA TAT ~ SA TAT ~ SA TAT
bTBI bTBI bTBI
(a) Western blot for Preso and mGluR 1 (b) Co-IP for Preso

K4 TAT-FERM X} Preso/mGluR1 & &K1 bTBI J& 33450
Fig. 4 Effects of TAT-FERM on Preso/mGluR1 complex after bTBI
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2.5 TAT-FERM %% bTBI 5/ i PTSD # £ E RS RIS

7 C57 /N bTBI B f 74 5 d 45 B # ki 41 /INrF 2 Ik TAT-FERM FIAEBEER K (SA), B
AT Wb S5 RN R AR T R S N AT AT R AR . WS AR (3 5) R, 5 SA A L,
TAT-FERM 41 3E A s XSk 0T I 42 22 55, {5 ol X 38062 s i 28 4 H B 3 T (P<<0.05) . i+
TR E LIS (3% 6) B, 5 SA 4 I, TAT-FERM ZH 14y, My, Y8 E T E (P<0.05), L) b45
F W], bTBI & REA U B PTSD AR JEMARIRAS

#R5 24 bTBI/NRA IHLWLERITEL 6 24 bTBI/NRSRTFRELWERIER
Table S Comparison of results of two groups of bTBI Table 6 Comparison of results of elevated cross maze
mice in open-field experiment experiments in two groups of bTBI mice
ey BEATPUOLXERE o KBS SRR RS 43 /% acil Yoo % Yo /%
SA 3.67+0.75 8.08+0.86 SA 5.21+0.76 5.184+0.45
TAT-FERM 4.50+0.89 12.44+0.45 TAT-FERM 9.79+1.15 9.32+0.59
3 W it

REAE R 58 & 30, TBI AMH S5 R 2l 28 R G845, H B0 800 b 23 A W 28R, 9 1M 2o 19
LY REFEAT, LUAKIBEAS: | 1% 28 U2 AR5 J5 S Sy SRR IR, bTBI AR — R CRE IR Y TBI 26 4L,
Z W F A DRGSR W FEFAE G, DRI U 45k 2T, SRR o AR i B 405 0 I
KT B 0 i 2 2 R P (G A R AR N AT R A D A i SE SR B, bTBI & B
PTSD Ay &A= R,

A 8 A /)N B sl A AR AL, T S [ B0 07 5 8 e o D 1 B PR A5 %007, 25 SR S, 3.5 MPa it g Jr
T4 A 45 R R AR, N AR SR AR AT N B N B3 & D ad 4.5 R 5.5 MPa bTBI 5250 5 )
PTSD #Eei AR 57 &g 3, H 5 2 %N (9 i 20 28 HE e 85 SRR AA 73R o AN I S5 W B3R o SR 71, bTBI 158
PTSD (4 Wy WL 7 B — 2R ) .

B IR Z AR T 1 DS PEFE PRI 07 /2 TBI 5 4k M i 433 35 8 i i) J ZEAIL ), o A 2R 52 K i
TG S H G R ) 2 TR FI S . mGIuR 1 2 55 B2 (19 43 S IR A2 (R W 78, 78 =22 mif B A9F 9 rp J 7 HE S5
£ TBI J& ol M #h 2ot 431 A, mGluR 1 AH S 500 T LUTERS B FD O BREER 3R 7 h R FEE e R
SPPERUY, (R, — R 5 R 2B, B2 mGluR1 6k T W S 47897, IF A 7€ TBI 5 PTSD &
H R FETIARRCR, Bk TF 2 RIER . dnl I, S AR ZR mGluR1 7€ TBI H i £E AL,
X T SR 0 T PR it A R S

1 —Fh 2 G5 K 3 22 Ml J5 AR 81, Preso % A5 1 1 FERM 54493, 1 1~ WW SR8/ 2 4
PDZ Z5#53, Hirh FERM Z5 #4387 5 mGIuR1 Z [0 & E M BAERS P, A58 — DRSS, bTBI @Rk
51 Preso” 8% B B 19 £ FEAMABREAT A, 17 bTBI ¥EALXT C57 /N Preso Al mGluR 1 1)k BTG B 3 5
M, fH5] 2 Preso 55 mGluR1 2 [A] ¥ AH B AE F 34 5, T fE2E Preso/mGluR1 & S RTE . Zhang 251 (1
FEPEIR, WHE Preso 5 mGIluR 1 Z [8] /Y AH B A/E FHRE 92 FHL T TBI 518 /Y 20tk i oot 0 o #R i I,
bTBI {2 Preso/mGIuR1 & &R TE Btk AT 7T fig /2 375 3 PTSD fie bR i F 2 AL

i 2 T BT WU A ARTE B, SR R 2 il 5 5 152 A AR AL R & 30 S o5 iy e 2 =X
AT i — B Preso/mGIluR1 & AR FIAEF, A5 51 %} Preso 5 mGluR1 & A= AH 5 /E ) FERM 2544
WA T /Ny + T Z K TAT-FERM. #4538 R, TAT-FERM A LAFH T bTBI J& Preso 5 mGluR1
Z [ AH BAEH, 3870 Preso/mGIuR1 B2 G RTE . if— 219 T W 5256 2 B, TAT-FERM 1] L & 3 2l 36
bTBI 5| ) PTSD bk . X245 BRMHIESS T Preso/mGluR1 & & 1A 7E bTBI A5 PTSD H it K ddt A 1,
(] BN, Ay T A VS AE B8 25 W3 97 I s B 8t 1 1 S A
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it Jii v o 45 (O TBI) 1 3 a5 412 i 28 fl )5 3 11 52 A 44 Preso/mGluR 1 JE %, 55 bTBI #H % PTSD FE47>

2RO AR T /N 22 Bk TAT-FERM BHWT Preso/mGIluR 1 & AT 5 7l 2t 2% bTBI 3755119 PTSD $Efk .
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