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(LEBREKFEERAEBRENE, L 200025)

HE

F% % 48 it 45 pOTV-hSERT(0ocyte transcription vector) ¥ #) A 5- #2 &l 4412 4K (hSERT)

cDNA 4+ F 4 5% cRNA, #it B0 HBFEAREANREIFF @i, 25 hSERT FARREAER, FAd
AR F E 4515 h 48, PR hSERT £4RIR6AE R &, s 5- £ &k (5-HT) #AR®RT|A
M ®) 4512 B4, “T4% hSERT 4%+ MLB7 7 3 F % K% (desipramine) P FELBT. 3% ¥, 770 K ) R GK 4%

g EALmRE,

EafaRf, #ELATK. BRARAMARELAN, 5 @75 7m0 (89.6£1.4)%

F2(51.7£1.5)%, RAMINMA. RE T A ELI26946F &4, ISt 5-HT RE TN, #iE &k
ERERMM, FAFNE. RIEA S-HT RE ZHIM 4 20 3, 40 4287, F R Hrmitididfe,
Hst, 5-HT ¢ FHRIRE M9 Nar. CI B FHASER X, oA S-HT REH R R rmstiE & 56 X
Ay, mARRR o 6 At 4R AR A bk AAEAE A .

XA

PEE I i S- ¥ {0 i (serotonine, 5S-HT)7Ei&a 5]
By, BEHR. AEFEHAE 1. NEN DL R AE BORE S
ZAEMDRER PR EEER. 5- RAKEIEHE
(serotonin transporter, SERT)IE ¥ 5-HT EHREA
A AT PR ARAY, 7538 BT 2R 5T 2 AR
1) LA B A 3 E AT RS Al i 45 . BF ST ER B .
SERTYE M0 K #0 FE IE 5 Dh Re 4R RF A5 w3 11 A A2 A
REFTREEEH, b S-HT BT P TS
BOREPHRRERG . GRIEAE. FPHE. ARRE. BRVEEERN-,
SERT Lhfig e # th 55 ] R A ke A7 <. SERT %
DRIk R B R AL SRR R B, B e eadh o
R T RE L RERR ) T 5 fid A% 8 X F B 1) RO B2
NA BT RAAT J7 286 BRI e R e, g
NG U B AR JB T 3 OB M s s B A
iz A AT 32 348 BT 1P [R) I A BE A a2 LRI 7 4,
HEA RN B D) Re i i A B R, {H R IRt
HFE s e, &R e MR R A

Gurdon %51 Colman %5 "R FTIERE, JEMIT
oS O REA o] LABH IR SME mRNA, HEEE A EA
IEEW—SEAR. WE, FZ2reEaEd
5 P BEA M i 3% Hh i S AR OC ) RNA T R D R IA .
iH3if mRNA 2 cDNA I A EE ST, IR EEAH AL
M REg ZNHTEFrEEEREH. 2B E
H. ¥%iafaEAmMEH. e RERENR.

A S AR TR B9 B 40 B4 R 5-HT 55 G 2K

5 Retuliceistk, SRR, RARIL, IR

S TR R ERE RS Wil BRE S HEAR
B AR & B B IE K cRNA 7N 50 BE 41 Al 1) i 5
W, AEHRIA LU AL SERT M SRR IARERY . R
SERT FEZHU 2 )i FE R4k o i O R4 Nat
HICl MR E 25 R FRA S 4t 3 A8 ) L B P A )R
JE%, WA R, LU s
BNt REFNLE], Ak DA IS I R T R
29 /E R BLEIHT T 3 At

1 #RIERE
1.1 ##

P V) Xholl. Xbal il Notl /g Takara 23 & 7= fils;
Plasmid Mini Kit. Plasmid Midi Kit J} Qiagen 2\ &=
#; MMESSAGE mMACHINE RNA Transcription
Kit 4 Ambion 2 F] /= s KR A Collagenase Type I
A Jj Sigma 2 E] 7 o

Ringer % #(mmol/L): 96 NaCl. 2 KCI. 5
MgCl,-6H,0. 0.6 CaCl,. 5 HEPES, JH 1 mol/L
NaOH il pH{E % 7.60, L KEFEMAKRKERE
AW FE 100 IU/ml. Ca?-free-Ringer 89, 2% CaCl,
HAR 5 [F) Ringer I -

WORS E: 2006-03-13 &2 EH 4l 2006-08-01

L #E AR T 4 %EBH IR H (N0.03JC14034, No.06JC14045); L-ifg#
ZR VU E SR BT H (No.ZDXK2001)
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BRI -

G BEAR i 15 57 H (mmol/L): - Ringer ¥ H K
B AR K #2100 TU/ml. 5% Sifiis. AR
%1550 pg/ml.

Tk E BB K %8 (Axoclamp 2B) 2l AXON /A &) 77
; DigiData 1320A #(##15 514 AXON A #] /™
; pPCLAMP 8 {5 5 /b FE R4 i AXON A =] =i
MRS 25 (Nanoliter Injector) 3 WPI /A 6] 7= iy

m%%@#mmmm)«¢Lﬂ%&LﬁW%
A ERFTRT ALY, B AR AE RERGE 3 3 AT
HUGE AL 4~5 K.
1.2 FJHRWMENL. FERBUIEE
E%ﬁﬁmnvmmwm%@meﬁuﬁ#
Y R, KZSHME AN E.coli DH5a,
C&H%H%W”*%%ogﬁﬁﬁﬁﬁﬁﬁEwh
DH5a.. /NEH] 4 F0RE DNA, 85 FI BT L7207 ik
AR RIGAH Xbal. Xhol BT B4 E,
[F) i 52 A G D7) 1) JBFRE Ay 5 JHE
1.3 {K5MEER cRNA
1.3.1 £ AeAEm Notl B ] J5 13 e MEAL AR
DNA, A/ K A& LR DNA BL2:BrH
Fr& B A NaAc 3L PIBAR DNA, LI
132 WHRIMERRE ¥ 3% ] N #% mMESSAGE
mMACHINE RNA Transcription Kit (Ambion 2 7] )3
YERFEREIT . LA ME{L DNA A4, dNTP AR
kL, i/ T7 RNA RE&M, 1AK4M5 5 DNA B
FHE MY cRNA. LiCl JEUT3E RNA, 70% LBk
%, TJ@EWT 20 ul RNase-free FI7/KH . HEUE:
KPP L WLl Ay LB B, HX 2wl P=AEAT 1% 3
JIE B 8 J P K 5 5
1.4 cRNA EHRUFS KIS
1.4.1  JRSEIPFfm 064 4] & HUS R, AR
R3E 30 min , BRI S5 TR & O Fas B H B 5120 21
P, A0, RS IR ER A ARl K on L
M Ca* Ringer [K¥fi(Ca*-free-Ringer, I [[)%
BYtkE, BT 2 mg/ml RIREEF 18~20 ‘CALEE2 h
DL RN S A pEVELRE . B Ca*-free-Ringer ¥¥E 7
X, M Ringer W% 3 X, &T Ringer ¥ 1~2 h
J PRI H B DN BEA LV ~ VT 3A) T4
1.42 cRNA 24t FH BRESE, Bk
AP cRNA VE 4 2 A5 G BEAE M 2 o, 45
ANGHREZE A VE ST 42 ng cRNA (42 nl). #&7FESH KK
JTCHS 51 BE 40 f g %of FE 41
143 JPE@miedgiEsc {019 CHE T LH40 M ks
FrRAEIR LRI 4~9 K, B RBEHRTFRIE, K3 X

ﬁ%n

E'

B IR FE 1 5 10 40 1
1.5 XU A AR BB E S I K
Fi20~22 °C, GPBE4ME THERAE T, B
JUIEE 1 ml/mino 45 H AN BRI FELR 2 ) i N R REER
L, BUARFRE AL, EAFEHBRAN 40 mV~-60
mV I HEATSER . HEIR B AR 40 B T 5 |
L EEL AT 5 N ] R B, AR R R PR R 22 S P B
PEAT AR . B EEAS AR AR AR UK 28 (Axoclamp
2B)5 pCLAMP 8 {5 S AL B R G0 k=4, HR d ik
Frid IS SO E, £ DigiData 1320A $515 5
O, RUPENUCREERNTRE, JRORESS bak
AR,

2 R

2.1 HiEdiEmMBEKBE

2.1.1 #EHolding®4z  K{EHhSET RNA ] 1E

i G BEA LS B R 5 A& 5 pmol/L 10 umol/L

SHTMM@mﬁ@m,%%?%WE,w&ﬁ%
EHMERERER) .

DL Ringer ¥ M R IE M IR REAN M, KA i pr
A HIZE -20. 40, -60. -80. —100. —120
mV, BEHEIR -20 mV. 75 &0,
FrER £k R55E S5, F& S umol/L 5-HT Y Ringer
WEER, rEEWEm. 460 s Gkl Mk
TR AL R BN, BEE A AL 1B R
W, FEARRER)S-HT #EWR T, ¥z iR AWy
Ko HEBELHXREIES -20 mV i, #%i8 HifH
AWK BN ROKF o R T 5-HT $ish%s 57
4 BH W 71 25 FF TN K MR (desipramine) BT FELIT (& oK &
Ry ke fl, B 1 AHA—Fl, WX T 5-HT
Wz i FR I H A A M

Spumol/L S-HT Sumol/L 5-HT
@ e

SnA L
50s

-20 mV
)

(B
20 m:‘—L———‘_\——l—

50 s -120 mV

E1 S5-HT ESHARBREREXRBE
A AL AN S B0 10 P9 18 FRAL(S-HT: 5 pmol/L); B: Wik H
Br4yH) Ky -20, -40, -60, -89, —100, 120, -20mV.

=20 mV
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’ UUL— . S —-140 —-120 -100 -80 -60 —-40 -20 O 20 4010
N \ JL_J | T SHT . 1
CL N W (ﬁ -10
H,J\ =20
100 { =
L O O S I o 5
(B) — ! :\_Jk_l\__.i — =l 4-50
I (—— 1-60
PO 15
.
100 nAL_ iJ’ velal 1-80
100
m M3 SHTERRNAE- BRXRl%n=6, W& + i
) _w —40 mV HIR)
20 mVL-
00 ms ~120mVY

E2 M#BETERT 5-HT 455 B0 B ER ST
A: SPHERT 5-HT 32 B (5 pmol/L); B: XFREAIVER];  C: Birghak
PR HL R : M =120 mV £ +20 mV. {#FFHEA(holdind
potential): —40 mV.

F1 S-HT #zHRRBERTE

Bk -120 -100 -80 -60 -40 -20 O 20
(mV)

Ly ~74.3 -59.1 -43.4 -30.6 -19.3 -10.7 -03 0
(nA) (£6.9) (£9.7) (£7.5) (£5.9) (x4.3) (£3.5) (x2.1) 0

IR+ brdER, n=6 (BLH 4 FUREERIGNE),

2,12 MK ez Bt 4412 & e R N7
MR 5% 15 e A7 PR 5% I A a s R R RS AR A G
Ak, RN EH R SRR A 4E KR 7
-40 mV (holding potential, FR¥EFHLAL), RS54
REA K AEF] 120, -100. 80, -60. -40. -20.
0. 20mV, #A4EHHIRE]200ms, HJEFIEF-40 mV
(B 2). sEJE LA AT 5 umol/L 5-HT Ringer ¥ #
MO EEAN M, 03% 5-HT R AT/E B 21k,
B R ) IR 2 72 4 5-HT 53 N n) #4518
B (s ur Tringer) o ST BB BN (n=6), Fiz IR
Wi S PR ST ) B A T RS R, i R LA PR 25 AR A Tk
/e AN -20 mV E| -120 mV, FZREHMNT L7
5, B2 i1 fl, 1 BARLRAFE TSR,
P 3 AL F R 1 A AN [ FLAL A 12 FRLAL RN BT AR
M) S-HT ¥z Byt “Hik - Bil” Mgk, R4S
R EIR, 5-HT ¥z Wi I i Poadt B A7 -
2.2 BEIMNBRPRYE TR EIRAIEE

2.2.1 Na*#%H MEE Na* Wiz id 18 1) 52 R
A, DU H 3L (tetramethylamonium)(TM A ) & AL Xt

(A) (B) (©)
96 mmol/L NaCl 96 mmol/L TMA-Cl 96 mmol/L NaAc

2 pmol/L 5-HT 2 umol/L 5-HT 2 umol/L 5-HT

-l [—— ----- '-—-C}-———-----fr
10nAL U

30s
E 4 5-HT 5@ BRZERAP Nat F1 CI" f9#200

A: Ringer % ## 96 mmol/L NaCl; B: H TMA*(96 mmol/L TMA-
CHA%# Ringer % Na*; C: JH Acetate” (96 mmol/L NaAc)ft
# Ringer Wl Cl &

100 4
80 1

60 4

40 4

(XA 143 e %)

20 4

5 umol/L 5-HT % & /A i i

96 mmol/L NaCl 96 mmol/L TMA-CI* N 96 mmol/L NaAc"
)
E 5 5-HT 5z #8ii&imT
596 mmol/L NaCl 414k,
AL, 4P<0.05,

R TR Na* #0 CI™ (n=5)
*P<0.05; %96 mmol/L NaAc

HE Ringer ¥ H1 1) Na*o ¥4 YR RESH M 1) A5 e AL £ o1 7
-60 mV, SN Ringer #REM T 2 pmol/L 5-
HT 5N R RN HHE 2 pmol/L 5-HT
FIE Na* SERL, W8 AT, 5-HT 51k
F AR (P 4B) . ] 5 AR AL Nat X iz i
Mt . 7EJC Nar 9444 ~(96 mmol/L TMA-
Cl4l), ¥zt Ak T (89.6+1.4)%-
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5umol/L 5-HT 01 05 1 2 5 ISumolLS-HT
A
" 5 pumol/L 5-HT W W \ ’ l [_-
20nA;)S lonA!sT)s Eh 62 mV U L L
5umol/L S-HT

(B) R

R — Spumol/L S-HT

-40 mV LK’—R/_
©) —\____‘_—_'———,______
20mvVL

50s -120 mV

E6 7EARRIMIRBAL Nat X 5-HT 3%z R A F 0
A: 96 mmol/L Na*-Ringer %R FAUHA S-HT 518 Hif; B:
%M 0 mmol/L Na*-Ringer % #E S 7] - - 40 M fi (IS8 Bt : C
MR Ef7: -40, -60, -80, -100, —~120mV.

70 W82 5 e AL (HD AR A ) % TEAh 454 T 5-HT

IS AR, STRE OPREAH ) R LA 43 A
£ -40. -60. -80. -100. —120 mV. it X}
Ringer WWHEMKT, 5-HT #ZHREHKI KN, BHE
P WEET, WEAHFIREE 5-HT fEAHE LT,
MmN, Be hHrh—fl, &RER, &
BT A AR B R I F s Es,iﬁiﬁﬁo&dw/ﬁ%,
FIREW Nat BEIEERMLESRMEZ—, FER
JIE HA A X s ik AR B AR .
222 Crég®em  WMECH XHizid K g,
{5 FHAH (A1 B (1) NaAc HUAR Ringer ¥ ) NaCl. 75
ERET. SR ER, TELCT £MH4T, HiEmiim
ANEEH AR HI(51.7£1.5%)(n=5). Fiit&E R A S
# NaAc 96 mmol/L 4 .

Kl 4 BosE—4ufudr, JBESH Nar F1Cl Xz
PHIE W, A% # Ringer ¥+ 3/ JC Na*-Ringer #
FIJG CI'-Ringer WAHARRER, WEAEM=FIFMET,
[ —¥KFE 5-HT(5 pmol/L) =4 ) #%i8 VLI 2 7+
7£ 96 umol/L NaCl f¥] Ringer 6+, 5-HT P24 AN
AR 58 nA, L Cl & NHIZ BN 31 nA;
M K Na*-Ringer W#E i, 5-HT XHE~4 6 nA
FIA A . 5 6 Nat Rl ClL X858 FE 5 () 4E
IR IE 5. KW Nar 5 Cl X5 A AR
s A .

2.3 WEIEYRS-HT EHA. SMNRER ST 3T
L2 Fepur c3:0p- A1)

SELEREVIR P A8 5-HT B, WEALARR
WET, HEHRinEit. B7A B8 S-HT K
FERIBE N, FIZHAmM A, 24 5-HT 7€ 5 pmol/L LA
bEF, BB MA.

LI 5 S-HT, 440 i iy
5-HT# 81240 pmol/L

LTS S-HT, #4001
5-HT# 1580 umol/L

B
B, umol/L S-HT 1 2 umol/L 5-HT lz wmol/L 5-HT

4nAl__

100 s

B7 AR RRELIRE 5-HT 345iE BRI
A: QMM EER A S-HT IR 8 Bt 158w . B &
AN S-HT IREEJG, WIS HBAM RN . 87 k&5 1) M v
B S-HT BRI .

M HMES 2K S-HT i ANBIOREEAN A N,
AL 5-HT WK E 1A 40 pmol/L A1 80 pmol/L(f4h S-HT
FERMRE N 2 umol/L). B 7B R, JLEMA 5-
HT AR &, EHRAMER 5-HT K 20~40 %,
HEIZ R OIS, $E5 M 5-HT HIHKEE
AR %o} 3 Tk R TG WA B .

3 i1ig
SR fih (1) B2 136 SO () B0 B, 7EAS BRI rp iR
ER . =M N ATEmRmER: (1) gk
fif s (2) 85T 5 fk fR) RO ECR R L s (3) HIARE K
HEUR P R . BB EBRAEME T Hh 1
=R T 2R KIEM S, (HE BT, WS-
PREMSE, FEBME KRR E A Aok TR

M 2R .
PheRiE B ERREUR T 46K M EahEiE, MR
ROtREE, EREA SN Nar FIIRE 2. HREEIZER
REEOR BT Na* SR E 2, R XRR P [R5
(co-transport). 4 P42 Ui RAF & T T 1 iz
W — A “TRHFIE% 1 "(alternating access),
Bl 5-HT &7 5 REBEIMO S A0 s E, &
AR AR B AR, E19 5-HT # 7 40 i
JEAMISRE, 5-HT Mz, EARN. ik
W RE M. KA S Nat. C1 1 5-HT K
WK ' BUH " A ReS 5 XM R s it fEree,
H—MERUINA, JRYIED 5-HT) 5 &1l i 3 [
HinhfLiE, mRSNENBERN. BTSSR
LB IE N BEAL R ARSE & . 5B Nav B B 2 FIfLAL
Z, BRSFH Nar HEANTEL@EE, HIiENK
Wo EIXHE, Na* HHEALEEEZH 5-HT WikE
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ZHEN(push) BN I3 )y, BIFTIE 1367 51 A
(one file theory)!"l, ANEFh 2% S0 S Wk 5-HT #
TEHUL Ly Nar WIS T Ak B FE AT DX ). ARSI R
Wiz i BB AL 5-HT W mim A2 K, (4 i
WS-HT WA ant, JiEHEdBrrE,
FEORMEAN AL 5-HT Wk E 2 e s i FR Re R K
U, EWIMB G s # .

Galli FIFFRM, 5-HT i F 10518 B
Lj SERT *} 5-HT BRI <. 7ERE ALY -20
mV I, K418 500 4~ 5S-HT 4F, 27445 10 000
ANFAL AT, ATERCA a P AR . PRI A SE &G o
FH B S ) 7 R0 s iR A, ANMUE H a1 E
br LB HIR 7%, e S AR e A BERE M,
st i A E T RE ) EEARIRZ — . :

ALY WA T 5-HT iz ik #2 1) s A OB
RN A B, B HERAK. LRI
WE— i, dkRME ESh R IE AR E AR B TR
AN Na* 3R IS 7RI 72 o 24 40 o i e Ay AR 15 56 4
B, BRI Nar L4k 27 3K 4/ #(electrochemical force)
AR K X U7 ITRRE T A SEI: o e A7 4K P A E
%, PR TAEMEARKRAL, X CR BRI FE
I F AT MO o 2 A 0 4 AT o Jir R T S A
FRERT, Nat B EAGIKEN kN, AR ER
W0 BT A R, aX 0] BB sE R IEH 5 L 3
PR FERE, HR/mADRRE. K2, B
A, Beiz il R e .

ARSI G X A A HE VAL Nar B CT (iR BE
YIRE I B R R IS I RN . {H 3K B R I AR
JEART: (E I (TMA-C#:12 st D T3
90%, i/ IR, D> 49% ifi.
R MRR A Na TR EE 22, & 5-HT ¥iai) £ %
1. HICHIER 10% 3] 5 AU A T TR LR
TR PR, ANINK, BB BT
B, BRERYCHARLR S S-HT) A RIE ST EHE
W (leak current)!'®, FERHLJ(acidic current)!'”, 2H
{5 ffi(second messengers)!'IEF K, B2, FR
HLUR A At 4, (EAR3RATIE — B 5T

I Cl R O IA R 48 JLisy,  H (R ek
N 50%, AN 5 TCRRBEAR —FE. CIT 7RI i
g v Ve R — A MR il . LS CT Y
fPERE e kB /8, TR 2 HAh sk
ST A FUE S0, QAR RSN CL IR L ZE R I
FIEA L7 IR B 1), WILETG CU 44T, #A CL 1)

ANRNL A R HIRL . SERR L4 ARG CL v P iy
T2 LR BN (I 50%) « K Tk B AT IR SOk
[20]FI M ki AHALL, B C1 AT fEXS hSERT [ Bh gt i s
EFR, #Mush Cl oo b 8s i L IRAMY A4S &
U T HIE B A X 5-HT Fl Na TH@E M, ik
AT IS R KN .

HA IS 5-HT #EGRBIIKREA 2 pmol/L, 18
SEA MRS, MY 5-HT WK EEIA F1 40 B 80
umoVL, BIffdpy 5-HT ik B L B 4 38 n 20 £% 5L 40
0y, PSRRI SR 2 P S Eb .
R, JFHAEBMIREZMENT, FisEnm
KANFEARARA X R, BERIUE AR s
MR, HEEERA TN Nar Rk, JHER
M FEIZ Y S-HT M IEIK B ZE R g . 40 5-
HT W &AM Is R pr R/ MR, X
WAHEBREANT S-HT R ANy 2, AR
W S-HT WK T .

M2, EJNEE IR A L Th @S TN 5-HT
HIZEOAMRARRIAER, SRRHQ BN ER
B EEEHA Nat. Cl ERAHIE s (2)BAMS K
FERI SR, AT R s AL RN, B R KO
B S v IR A 3 BT R IR T AR AR 0 R s i AR R
B, () BB, Fa o, Mrad
PEAR TSI — 2 SR, e A R AR A X 3 BT ) B
A B POE P E .
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The Mechanism for Serotonine Re-uptak by Heterologous Expressed
Human Serotonine Transporter in Xenopus Oocyte

Ci-Zheng Li, Zhi-Fang Yang, Yi-Ying Wang, Ye Zhang, Yan-Qian Zheng, Yuan-Mou Liu, Hong-Wei Wang*
(Department of Physiology, Shanghai Jiao Tong University School of Medicine, Shanghai 200025, China)

Abstract cRNA of SERT was transcribed from cDNA, which was cloned in the pOTV vector. Oocytes
of Xenopus laevis were injected with transcribed cRNA in vivo and turned to a heterologous expression model
(human serotonin transporter, hNSERT) in 5-6 days. With voltage clamp technique in recording the current induced
by 5-HT, we tested the function of the expressed 5-HT transporter and studied factors which influence the re-
uptake of hSERT. When the cell membrane potential was held at -60 mV and perfused with Ringer’s solution
containing 5-HT, a steady inward current appeared and was almost completely inhibited by specific 5-HT trans-
porter blocker, Desipramine, which demonstrated that it was 5-HT-induced current. The 5-HT-induced current
varied with holding potentials or voltages in step protocol. The more negative of the clamping voltage, the bigger of
the 5-HT-currents. The results from the experiments with 0 mmol/L Na* or 0 mmol/L CI- in Ringer solution indicated
that transporting of 5-HT required Na* and CI" ion in extra-cellular solution and the influences of Na* and Cl ion on
transporting were different, for with 0 mmol/L Na* or 0 mmol/L CI- the currents were reduced by (89.6+1.4)% and
(51.7£1.5)% respectively. As the concentration of 5-HT in the perfusing Ringer’s solution increased from 0.1 to 15
pmol/L, the current augmented accordingly until it was saturated. Injection of 5-HT into the Oocyte making the
intracellular concentration of 5-HT increased to about 20 or 40 folders, the 5S-HT-induced current was not changed
in spite of the changes of intracellular concentrations of 5-HT. Conclusion: Na* ion and CI- ion are co-transported
with 5-HT. The cell membrane potential may influence the 5-HT-induced current fulfilling a rapid regulation for re-
uptake of 5-HT. Changing the intracellular concentration of 5-HT does not influence the amplitude of transporter
current.

Key words serotonin transporter; oocyte; heterologous express; voltage clamp
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