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Effect of substituting tryptophan for arginine on the cellular uptake
of oligo-arginine peptides
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Oligo-arginine peptides are short cationic peptides capable of traversing the plasma membranes of cells. In order

to explore the effective substitutes Trp for Arg on the cellular uptake of oligo-arginine peptides, we designed and

synthesized a series of Trp-containing analogues. All synthetic peptides did not show cytotoxicity on Jurkat cells

at final concentration of 10 uM. [Trp®]- and [Trp®] analogues exhibited moderate cellular uptake (about 75% of

octaarginine, R8C), and [Trp®] analogue exhibited similar or even slightly increased cellular uptake as compared

to R8C. The other synthetic peptides were showed poor cellular uptake (less than 50%). A clear relationship was

not observed between hydrophobicity and cellular uptake of the synthetic peptides. These results indicated that

oligo-arginine pepitde was relatively tolerant to Trp insertion in the middle position but not in the N-terminal

position.

Key words — oligo-arginine peptide; cell penetrating peptide; antimicrobial peptide; tryptophan
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Table 1. Amino acid sequences of cell penetrating peptides (CPP) and Trp-containing cationic antimicrobial peptides (CAP)

Peptide Origin Sequence R/K W
CPPs
Tat peptide HIV-1 Tat (48-60) GRKKRRQRRRPPQ 8 0
Penetratin Antenapedia (43-58) RQIKIWFQNRRMKWKK 7 2
Octaarginine  Synthetic peptide RRRRRRRR 8 0
CAPs
HIV-reverse transcriptase/SV40
Pep-1-K . KKTWWKTWWTKWSQPKKKRKYV 9 5
antigen
. . derived from alpha-pheromone
1ztli peptide 1 o KFLNRFWHWLQLKPGQPMY 3 2
(S. cerevisiae)
(WR)4-NH2  Synthetic peptide WRWRWRWR 4 4
L-K6 analogue derived from
4AWLSW IKKWWSKIKKLLK 6 2

temporin-1CEb (R. chensinensis)
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Table 2. Sequences of synthetic peptides in the present study

No. Trp Position

Sequence

1 1 FITC - Gab -
2 2 FITC - Gab -
3 3 FITC - Gab -
4 4 FITC - Gab -
5 5 FITC - Gab -
6 6 FITC - Gab -
7 7 FITC - Gab -
8 8 FITC - Gab -
9 9 FITC - Gab -
10 1,5 FITC - Gab -
11 1.8 FITC - Gab -
12 2,6 FITC - Gab -
13 29 FITC - Gab -
14 58 FITC - Gab -
15 6,9 FITC - Gab -
16 1,58 FITC - Gab -
17 269 FITC - Gab -

WRRRRRRRR -
RWRRRRRRR
RRWRRRRRR
RRRWRRRRR
RRRRWRRRR
RRRRRWRRR
RRRRRRWRR
RRRRRRRWR
RRRRRRRRW-
WRRRWRRRR
WRRRRRRWR
RWRRRWRRR
RWRRRRRRW -
RRRRWRRWR
RRRRRWRRW -
WRRRWRRWR
RWRRRWRRW -

Cys -
- Cys -
-Cys -
-Cys -
- Cys -
- Cys -
- Cys -
- Cys -
Cys -
-Cys -
-Cys -
- Cys -
Cys -
-Cys -
Cys -
-Cys -
Cys -

NH,
NH,
NH,
NH,
NH,
NH,
NH,
NH,
NH,
NH,
NH,
NH,
NH,
NH,
NH,
NH,
NH,

HEET IV BETH S Trp 12 £ - T CPP O
BITENELT 2 0HmErH 5. 621,
RRWWRRWRR (R6W3) (X RRRRRRRRR (R9)
L0 BHBEADREE VT O DS, FED
MBBANRAT®EZ4A L C\wb. 119 RRRRRRR (R7)
@ C KUl Trp ¥ % 1 Of 0 L 72 RRRRRRRW
(R7TW) <Tix, MBBANBATEL LS 57200 Tl

<, 4CIZHB VT ATP IR 72 ML N R AT 14 B
mLds. B ZOMOR) 7TIVFRTFFIZB
WTh Trp BAKEZBMES T, L) VIRE L O
HAEH S 5 23, MR 452
EREDPREINTND, O 20X )| Trp i
73 CPP OMIIANBATICBIT S RIA4 7T 4 —
AL LTHET A EDRBENTVS,

—7, Table 112777 Pepl-K, 7 Iztil peptide, 1®
(RW)NH, 19 B L OLK6 fFEA D 2 X 912
WIEMET X 7 WR=° Trp B % & A CPP LAk A
BPLL TV BHRTF F (CAP) o5 4 s s
TW5h., INSDNRTF Fi, “barrel-stave” 1M,
“carpet” FEWEDH B\ 1L “toroidal-pore” FEFEIZ L D 2
Ml mELA R L, MREEERTEEZON
T\, HEIZ Trp FAiE, MREBEERED x /=X
AZBVWTART T FEREEREIIIE L 7R IR
L, BUkMEZ 925 — D2 IRT 7 EEER
HEFRLTVWBEEZOND, 2

DL bo> X912 Trp 5RFEE AL CPP OB N#1T

PEIZERICE & E 2 51505, %O KE Rydberg
SOHEIZH D L) \ZHIZEA L2720 Tl
EUNEE o7, O PR AT T FO L) IHIfgE
Bz g R L7295, LedoT, Trp &
H35CPPETHA 359 2T, CPP & CAPD
R A RS S Z LIIEEEEZOND, £ TR
W7E T, CPPIZBWTHIBNRATIEZ A L2 €5
72 ORI % Trp FREDBEANE B L EKZ#5
HAYT, Table 223 17HD Trp &4 ) I 7V
FooRTFFEERL, ZOMBNBITH ET
L7z, B, BHIHICIEH — TG e S 2 5 X
I Cys BBIEEEAT L L TEALL.

KBRMHELUHE

1. REXTF NEHEBIEOBE

RERTF FOBRIX, ZHEMBABRTF N
ARiEEE (PSSMS8, Shimadzu) % vy, —#&197%
Fmoc FEAHABEIC L Y &8 L7z, Fmoc-NH SAL
Resin (0.65 mmol/g, ¥ b)) #HFEEBEE L
T, XTF MRS ZIT->72%. % B, B Fmoc
1t iZ piperidine/DBU/DMF (2/2/96) % H\v>, i
A ROEIBR I L T4 48D Fmoe-7 3 /%
HBTU/HOBt & & U 8 % & ® DIPEA 3£47T 30 70
ML TIiTo 72, RiET I 7 #121E, Fmoc-Cys
(Trt)-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Trp(Boc)-
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OH B & U Fmoc-Gab-OH # F\7z.
2. X7 F K N Kimdho# EH

fluorescein isothiocyanate (FITC) 1tix, FITC
A EAEBIE (NH,—) 2% LT 2%4%, DIPEA (2
W) fR1E F DMF AC 1R RS S 672
3. REXTFRIEEDLSDONTF NHBEEER

T T R S O YIr & I8 O IR FE O 34
E LT, RTF F19IZBWTIIRESTF FiEE
(#5160 mg) % 5%phenol, 5%]1,2-ethanedithiol &
A TFAEW (5 ml) w1, 240 ML 72,
NRTF F10-17 TRIRGESTF IR (F9 160 mg)
% 5%phenol, 5% Triisopropylsilane & & TFA &
(5 ml) W, =6 40 4 MR L 72, SRR RO
BEEAEL, BEEZ TFAICTHRIFE L. Ak
TFA &l & &b ERERG L7220, T—7 )b
TMMAE U7k iR 3, AT F FeBe.

~ 7 F K 1iZ Develosil Lop ODS 24S 71 7 &4
(24360 mm, FFHALE) 2 HV, A (06%TFA)
BLUBIE (006%TFA &4 80%7 & M= k1)
ZREMHE LC, 3 mL/min, 220 57 T 15%
BilA 5 45% B & 7 2 EME 2R EEABCIC & 0 %
7

SHTHPLCIZ X D B E § 2 X7 F FAIEE
B LETLM T T Lo, WITIRME, R
L, BT 2570 F7o, HEEMRART
F Fidi#H Cosmosil 5C18AR-TL 71 7 & (10 % 250
mm, Nacalai Tesque) % F\T 20% B i 5 40%
Bl 72 % &9 ath CHERREZIT- 7.
4. EERNTF RO

HPLC O R F5:EER 1E Cosmosil 5CI8AR-TL 7 7 A4
(20x150 mm, Nakalai Tesque) % H\>, ¥iiiE 04
mL/min, 40 55 CHERRIZ 10% B2 5 50% B
WEbETHERL, 20 nm TE= Y — L7,
MALDI TOF-MS & Autoflex 1T (Bruker Daltonics)
&), v ) v 7 AT a-v T /4 FuaXx U
Fe g % v CREHERY 770 b VIS CHllsE L7z
5. HkaigE

v b T M s Jurkat Mg, 5L
KPR F el &l o~ & — X ) fiHG &
nrzdboxfw/z Mgz, 10%IEmLIE e i
# (FBS) % &t RPMI-1640 (H/K#EE) T
37C, 5%CO, &M F TR L 72,
6. HREFEORE

Jurkat #iffg (1 x10°fE) %96 7 = V7L — |
B, R7F F10uM HFFE T, 10%FBS = & &

RPMI-1640 T 24 FE[IR5#1%, trypan blue HEFR
Bz X Mo AEFEL RO 7.
7. HRABITHEORE

Jurkat Mg (1x10°f8) % 247 =)7L — b
? 10%FBS % & & RPMI-1640 T30 4Ll E 7L A
YF¥aN— P LR, RTF R 2R S uM (12
A X HITmAZ, 604 37C, 5%CO, TH#E L
7o REEEfR, MlgZBNRL, PBS (-) T2 [
L7z, WWT, 5% M) 72k 37C, 10
SrHALELL, PBS (—) T2mEE# L7z Midz
FACS a2 — 7H THRE &, KFIZRFL,
FACScalibur (Becton Dickinson) Tilll5g L7z,
fo L8 & 72 ) o Pt EE (& Cell Quest Pro
(Becton Dickinson) #HWCTHEH L. & B, M
TANBATHOREIX, Bikary to—-LvTah s
R8C OAHxFHIEHRE 2 100% & L, ZDfh~A7F F
2B B HOLEEE % TR L.
8. XTFRFDBRKMEES LAY ABILEAL—IL

KR

NTF FOBUKEEOIRE L L TULT O GHH
%F1% L 72. Grand Average hydropathy value
(GRAVY) & Kyte & Doolittle ® 7 I / BrBK %
A7y 7 ARSHEHEL, % Wimley-White whole-
residue hydrophobicity scale T& 4 Interface Scale
AGwif (kcal/mol) &, 4 o7 3 / Bk &
H,0/POCP & @ HH T %)V ¥ — O FEERE O 12>
LEM L7 2520 F 72 7 3 ERECHIER AT
Vo 7 AR LD EMRGE LG E DN VR
4 — )% “Helical Wheel Projections” 27 12 & ) {F
ML, FECBOKEE— XY P E2EB L2

& R

1. Trp 8FAVIT7IXZBEEDER
HEIGHEEICL DL I T VF = RTFF
IR LICHESE L, 2O N K2 FITC 23 A L
7z, _TF g% 5%phenol/TFA (EDT & 5 \»
G TIS% &) T MEL, X7F FOFEE 1T
W, R 95% L LD RTF K157 HPLC 1%
FEER, BEmoriE, IEE%E Table 3R L7z, §
NTOXRTF Fid, TOF-MS 28w T HHHE
IM+HI*E L =T m/z IS A4+ E—
7ol Trp 2 1 EEDOAGL T F Fidk
B BT IR CTIE D 2 & T E 298, Trp ik
%2, 3EELRTF FTIHMBINETH-72. Th
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Table 3. Physicochemical data and theoretical hydrophobicity of synthetic Trp-containing oligo-arginine

No. Trp HPLC Yield MALDI-TOF MS, m/z Hydrophobicity ¢ Helical HM ¢
Position tR(min)2 (%) " Found. Calcd. © GRAVY A Gwif (kcal/mol) value  angle(°®)
1 1 3105 37.1 2029985 | ] ] 175 337.1
2 2 27172 38.0 2030.002 246 1279
3 3 26.09 446 2030.102 3.89 204.1
4 4 24.87 106 2030.006 3.00 2754
5 5 25.27 145 2030.074 2030.384 344 4.39 143 462
6 6 26.06 34.2 2030.186 3.25 1615
7 7 2431 8.0 2030.972 382 2314
8 8 25.84 9.0 2030.952 2.15 3124
9 9 26.96 36.1 2031.155 i i 2.03 106.9
10 15 30.72 47 2059.769 | | | 379 158
11 1.8 3097 47 2060.284 441 3389
12 2,6 29.08 85 2060.972 2059.393 -3.08 1.73 5.09 134.2
13 29 2899 6.3 2060.951 468 103.0
14 58 29.00 75 2060.190 349 2.0
15 6,9 29.08 89 2059.989 i i 450 1257
16 158 34.11 1.2 2089.850 2089419 | 272 1 -093 6.15 1.1
17 269 3271 25 2090.026 i i 6.99 116.2

a) Retention time on a column of Cosmosil 5C18AR-1I using a linear gradient from 10-50%B over 40 min at a flow rate of 0.4 mL/min.
b) Yields are calculated on the basis of starting resin. ¢) for [M+H]* d) Hydophobicity scales and helical hydrophobic moments of

peptide segment. See experimental section for detail.

120

Cellular uptake relative R8C %

Trp Position

Cellular uptake relative R8C %

15 1,8 2,6 2,9 5,8 69 158 269 R8C

Trp Position

Fig. 1. Cellular uptake of Trp-containing oligo-arginine and octaarginine (R8C) in Jurkat cells.

Jurkat cells were incubated with 5 uM peptides at 37C for 1 h. The cells were washed twice with 500 ul PBS, trypsinized at 37C for
10 min, suspended in 500 ul PBS, and then subjected to flow cytometry. The result is expressed as means =SE. (n>>6).

ETFA 2 X B8ED 5 OB &2 3T Trp
DFBRIRE DL DEEZLIOND.

2. Trp &FAVI7LX = OlaEEH
Jurkat fIIBIZ A7 F B GIEE 10 M) &R
L, 24 M L7-0boMEEFEER % trypan
blue BERRFABRIC & o TR L 72, RLFH O A
954% TH > 72D LT, ElTF R 117 Tl
94.0%~957% DEAFZRE R LIz, 7o, HMEET,
AL DILIRZ: IR FITFED N o7z,

3. Trp 8FAVI7IXZ OMBABITH

Jurkat MBI A L 727 F F GBI 5 uM)
AWML, 60 MEAE L. MlaRmEISHEE L
HBWNICEI) AF N TV RWRTF FE2 MY T
IR DL, dERELZOLE 7O - A b
A= — 2 &) MBS T 5 dO0IREE 2 8
L7z, BT FFOFEERLF 75T VXF=
~X7F F (RRRRRRRRC, R8C) DHx} 55 %
100% & L, AT F FOBERBRE% %KD, M
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e rees L7z (Fig 1). 427 % 7v¥= Y|
HZTrp ZEALZAXTFF (19 2B\, &
APLEDR LS 4608 L7 ATl R8C IR L
T 40% & MINRATIEDSBEE AT L7z, Lol
50L& 6 i~DEATIEB L Z T5%FEE & LM
MRBRATE 2 R L Tz, 512, 220 Trp
BREAEALTVEFZ U THE L5 T2RTF R
T, 69 FE AL (15) AYR8C IZIEHT %, 4l
AR LT F PR S CMBRNREITEEZ R L
7. 72,02, 665, 2, 9fL, 5, SAANDEALKT
X T0%REETH -7z, Do 2 5RIEE AL (10,
11) BEO3IEREEAANFT T LF =0T FF

10:[Trp13]

11: [Trp28]

(16, 17) 1TV d 50%LLT T THUFLNFEFT DS
FHLLET L.

% £

Tat R7F FZIF LD E L, K4 7% CPP 29t
ENTwg, WEMTI VBREL GG THE
Hedb, MIBANEIZBE 4 b= 212
RENDLIT Y FHA b — 2 A0 E 5 i
DL BIEL Y FH A b= ARMEIC X - TRAT
ThHEEZLNTWA, B F72, DNARSY V37
B EOERD oML @ LIZd wE) %

12:[Trp26]

I !
I &15@1.1

e

Fig. 2. Proposed helical wheel projection of synthetic peptides.

Arg : pentagon, Trp : green diamond, and Cys : yellow diamond. The helical hydrophobic moment showed in the center of wheel.
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BT 2385 EMBNICEETE DL 2
EMB, RIv 7 TFI)NY) =2 AT AGHNOH]
S5V, CPP ¥y ) 7 & LCEE LW I
TaNRATRIRS &, MRGEEI R L, &

TR D B VITHEANOEEE RO L T
b, A7 TIZ CPPIC Trp BHEZEAT S Ll
%W%ﬁﬁﬁﬁi?%k@ﬁ%“w%%K,T%b

200F O 1THOXRTF N7 1 v, BEL,
Z O EECH N AT I 2 G L 72,

T TIVEFZ T FEF (RSC) O 8D
Arg BRIEMIZ Trp 524 1 DEA L 72T F F 1-
YIFFHICK LTINS MBARBITENET L
7. LaL, 5B L6 ADEAKTIZET D
FEEWDSBLZ 2% EE/NEL, Trp &AM #E
ELCEINLoBREME RIBLTEBY, £
DOMEA. TIEIARBETH B Z LAV L 72, Maiolo
51, ~7% 7 )LF = RRRRRRR (R7) EF| D
C KMz Trp %E A L 72 RRRRRRRWHZH 2 R7
L bENTHBANRITEZ RS EHMEL TS
B, FEREREY % b DORTF KO TN EAT
A RIC D OB T LA, o2 LiETrF=
VEEHOEVWS, RT7F FIDCEKuEHEIC Cys
BREAZEBELTHD L, HHWITHBANRITHT
DA SN B M % & OFEERSEME O E 2

CHERT L &b,

TV ITNF = AR TIEEEE

DR EE OB WEEZLNTWA, LaL,
V) UBREDONTE L OMBEERICE 5T anN) Y
AR LD ENRBEINT D, F/z,
RRWWRRWRR Ecl % FFo 75 FTILH BT
HFIZBWT g\ v 7 AfEzE &5 2 EDURIE S
nNTBH, ZoOWEI>MBANBITEICES T 5L
AOHNTWE. W ZIT, WHEEN) vy 7 2%
MELT, Fig 2IZRTAY A)IVEA =V EBEC
NT I TNVFZURTFF (RT) HOEED2H
AT Z2 I IC B3 2 & 912 Trp 238 A L 721251
b DOXTF N10-15 27 A » L7

1742 Trp A L72X7F K10, 11 TiER7
F R 1 & RSB N R AT S BHEE 1R L 72,
EHIZRTF F12-14 THOMMENBITEIX RSC @
NV RETH 7z, —fRICH) T T VF= T
F FTUE Arg BREER & MR NRAT IR A B 1 A3 &
D, Arg BEEN L VT ER VBN ITTE 2 R
.9 9 %bE R7TOMBANBITIEIZRS L) K
TH2DFHEHTHY, *TF F10-14 TOE AL

BT TrpBESEN AWM ZENTE L noT
botrbNL., —F, X7F F15TIER8C I
PCis 2 RN BT E R L2 &b, Arghk
BB ANC & B E ST % 2 50 Trp 5%
EPHE L., XRTFR6THLNIZR-27289
2 Trp RFEEE A L THRITERTHY, &5
12920 Trp A X o THFIE T 725G
RTHhrLrEFHEEINS, XRTFF16, 1713 3%%E
D Trp #ELANFHTIVEFZ L THAHD, ShHE
1% L 724835 Tk R8C D 50% LL T ol 171 %
IRT DIMTH 72,

RYVTNFURTFNIZTrp #BAT LI &I
Lo THIIBHNBATENZALT 5 Z EAHL AL
ol ds, IO e Table 2 1278 3B A
Y7y 7 ATHDGRAVY RXRTF FDY) VigHE
BEICREA T AI8IE L 2 2B EHB T 2L ¥ —
AGwif & DEEDORIZ 72 A SHBPEIERED 5z
V.o F 72, RTF FEBIEAANY) v 7 AR L
HERELLGEDOBKE— XY b EDOMHBMD
HoHEIEbNLH» o7 CPP MBI EITT
L¥pe, ML OMEAER (BRI & A
TR R, R EBUKMET X BRIRSE) AYE
L e BHS, HMIC Arg OYEIEM - BKMER Trp
DB - FEEZT TREAIOP R VLD T
HbH. &2, Trp MEHIE Arg D X 9 iR
L ocation-mAEE AT AU REEDH L. 0 GE
&> TEFFHNTcation-niEE &2 L, HFE

DZWMEEE L Hmb Lz, 4%, CD AR”
VR NMR 7 &0 Z k&2 B9 5 15 & Mg
WEATIEIZ O W THBIRE 217 ) LEN D 5.

KWMEOERRTF Fldwdnd mHigED
10 uM T Jurkat fifB O AR ICHELY 5 2 7
Moz, AR, CPP EHERE DML L 72 Trp & %
EHETANT A=y 7 RPERT T R WEE
NTWDD, SEEKR LT F FIEMERGE
HEOTREMEIXMK L, FUE AT F FHROEHIE 2w
boLEbins.

PlorBY) AR TIE, TrpRiE AL S
B BB ITEON FIERRO 5N ko7 )
Do, MBANBITHEICEEY S ZTIC2KED
Trp * EATEXLMELREDVPHLNERY, 5%

W B = o BN M N B TR
THLTrp EHER)TNFZURTF R ERT 5
) ZTBEL L LHRMELNLT.
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