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Role of Polycation for Enhancing Infectivity of Retrovirus
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To verify enhancing effect of polycation on the retroviral infectivity, we directly measured the binding affinity of retroviruses to the
target cells in the presence or in the absence of polybrene with R18 fluorescence assay and examined the effect of the polymers
“on the relationship between the host cell and the retroviral infectivity. There was no difference in the effect of the types of charge
of the polymers on the binding affinity. However, polycations, in general, show effect on the retrovirus infectivity. This results
suggest that the enhancing effect of polybrene and other polycations on the infectivity is not due to the binding step but due to
the post-binding steps, especially the internalization step. With the result of the internalization of FITC-labeled poly-L-lysine into
the host cells, it is suggested that the uptake of polycations into the host cells would play a crucial role in the internalization of

retroviruses.
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HE fde]l 25 SA3E ux gy wWie] uhgo] 24
s}, olgld AAMy|H whatg g pREAQko) o] TAAAF
binding efficiency® ®F7] wWFo ZPE Lo Eoldun
deld QA o] HA AdY ¥ A UUH polycation?]
28713 disidE @A AA FTHE-10).

B A7 o9 e nEAYgo|2 &AL W
7] 918le] X-gal staining assay® Ri8(octadecylrhodamine B
chloride) fluorescence assayE Ahgsle] #lE=Zujojzxe] 7+
& F &(infectivity) ¥ binding affinity® 2 - 1A o2 A3}

d o, FITC-labeled poly-L-lysined] AE Wz 4 &
BHvFoz A olE AEE T £ =gAdAE
TEA Fol9 ojd AAo| HEZutolg)ae FPAd dF
& vAertd g A7E FIdsidon nRAGe]2e 22
2 Z 229 A7l(molecular size)7t 23 S & 5 9l
€ ANE F UA

Az Loy

Al of

polybrene(PB), DEAE-dextran(DEAE), poly-L-lysine(PL1;
MW 1000, PL2;MW 15,000-30,000, PL3;MW 70,000-150,000,
PL4MW >300,000), FITC-labeled poly-L-lysine(FITC-PL,
MW  30,000~70,000), dextran sulfate(DS;MW  500,000),
alginic acid(Alg), glycogen(Gly) 5& 1= SigmaAtels ¢
3930, octadecylrhodamine B chloride(R18)& Molecular
Probes(Oregon, USA)ALl A F+Q4atE .

HzojeF o ufekx=H

gEZulolg|2 AN E2E YCRIP/MFG-lacZE A3ty
on, #EZuelz2 RS T FEANIEEE NIHITE
AgEtgT o] MEESL 10%(v/v)9 calf serume] LT
DMEM(Dulbecco’s modified Eagle medium) 1% & A}&3to
$57 2AEE 37C CO, MY7|dA o 3d &t wked ¢
AQE st

8l E 2Hjo[R| Ao MMB| K2

YCRIP/MFG-lacZ& 10 cm disholA confluence AHEi7tA]
gokgt 3 wiAE Zojm AR ¥iXE ¢ 10 mL ¥e F
24~72 hr ¥l 783t ARyt HEZno|H2E BFst
71 feiNe dgn 2 9ye AL8sth. AAY, NIH3T3
HEE 24 well plated) 24+10' HF HE I AL, wAE
AAG & dsls HF vlolg|2rt A4 A ¥lA] 05 mL&
Nz golFt} o] u wjA|dE polybrened 8 pg/mL HEE
HolZoh AAd, wrold 2~ T F 24ATe] AR A E A
Adz A wlA 05 mLE Yo ETh dAd, AXE nFA7I2
X-gal $d02 dMzh AAd, X-gal §4& AAsm
PBS&94S e F duioz 9" AXFE 4ot gX4E
& 32)ated who]H A titer (colony forming unit/mL)E 2AF
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2o Aoz 83t NIH3T3 A %7} confluence® AFE)
2 lE 24 well disho]l &R} <Fo]&2l polybreneol X3
iz gk F35]2] Q1A ¥ wizd HERZulo|HAE Yu d&
91 4°C ol3tollA 15-30 £7F binding& A7t} ol Lo
ME M E2] permeability’} EolA]7] wW&Zel binding ¥ ¢
olg ¥ internalizatione A etz A AT
Binding ¥ PBS $9d¢o2 2~3 ¥ AHEL §F o
polybrene®] E3=o] glx &2 WAE FUsA A& o]
g5 FAo] b & FAE WY }g X-gal stainings
%8 binding affinity® 2 A gk

Polybrene?| internalization®ll W& QTS Uolre HYPYL
Skl A%-9} Fd¢ HAL AAY, binding 5telE polybrene
o] 2gEoglx] F& WAE YWolFA bindingd vlolEl2E
internalizationAl 71 Aol A ZtZ} polybrenee] T¥d #iA
g EgEogA e WKz mFd. olHT HHol B
& 37 CTolM sFAE wjddt 33 X-gal stainingg %3l

internalization efficiencyS 23 &t}

vjo

R18 g#& &4

Figure 1014 BXo| ulo]gjxe] XA o]Fgte] RI8 ¥AE
Eo] #3375 (fluorescence intensity) & binding® ®lolgAE
Agsle EAdyo|rh dlelzix A5 35 mLe oFHsido
cell debrisE AAF thg 4TNA 1247H59 9600 rpmo 2
A B s wlolg A A HE(16 pg viral protein/mL)E 1
mL PBS&dog 9 & (1 mg/mL RI8 ethancic stock
solution 15 UL & WolFth o] §AE 1 AIZEEY o7& 2
A dA g, o] #HAHo] Y F, free RI8 I virus bound
RI8E Edsr) 9t 15 mL PBSol 34zl o
Eppendorf £A4827]014 3087t 948230 Ri8-labeled
virus(R18/M-MuLV) & 05 mL DMEM2& =9 t1§,4 C
of A 3027k NIH3T3 F&A170ck &3 A7l F, binding ¥ A
%& HiojgaE PRBSEYoz HAstY AAGL AEE try-
psinization3 & PBS£43 05 mlL Triton X-100(0.5%
stock solution) #4-& Eg3ld 3 mLZ 343 g, 560 nm
excitation, 590 nm emission®iA FFFEE 2435} binding
affinity 2 243t

R18-labeled virus®t AEZEAAL 05 9% Triton X-10022
235 de& L 100 % 2 FEvh w43 background
fluorescence)& target cell& 0.5 % Triton X-1002.2 £3)3}
o A& Fo gtk AA YolF vlolzxe} BHANE AY
% ulo]g) 29 H¥]ZE binding affinityet Aolgtc}

Y
Cytoplasm \
cell membrsue

R18 molecule
(wctudecylvhodawine B chlaride )

The amount of bound retroviruses is
proportional te the fluorescence of the samples

Figure 1. Schematic diagram of R18 fluorescence assay.



398

Poly-L-lysine o M=ZW 7¢

05 mg/mL PL2 €% 300 pLE ¥9¢& IEF Ansdg2
2ol NIH3T3E #A#&d. FITC-PL& PBS £ 5 mg/mL
o 2 =t ol £ 25 ULE 1mLY ¥jxld] ¥
5, NIH3T3% 7 3023 37 ColM wAjslcy, 23 ohg,
PBSEdo2 o8 ¥ A&sl supernatantd] £A 3= FITC-

PLS AA%ch NIH3T3Z 05 % glutaraldehyde £402 1
Za‘*l %, ¥3EvBLZ poly-L-lysines] AMEW Y oAF
£ A3y HFigure 5).

2 o

& € = ol 2{A 2] binding® internalizationoll olxl= poly-

brene?| H&

duidog JEAFo|LL gEZBlolzA XHY
EHAE EH9 °2*°P~}°H ARA7NH ks A
ol HERZutolei2e FEAS FHNTIE Ao
o oy AR s diside gEA U ¢e
TR z7|AC] & 94%¢g vAZ, 53] binding HA ol
2 9L vjd Jojgn 7t %«"4(8 12).

dEZdlolgi2g ZEFTEE FAFe Aoz 49 1ER
sko] 29 kbl polybreneo] HEZubolzj2ol NIH3T3 HZ
%9 bindingdl PIANE 9¥3 bindingEel A2  inter-
nalization®] PlXE& 932 X-gal staining ¥HHE o]&sldo
dolr ettt Polybreneol bindingl “W" odskel ZAde
Figure 2(A)lA £ + itk ZE binding 28¢, bindingH
A & vtolzlaE AAsy] f& PBSE 2~39 Al#sg o
F&A 9] HEol9 FZo] ufo]g| 29 envelope proteind F
2|49} bindingdhso] ABzAY 4 glevZ PBSZ M54
%e ZAg9 A7E ¥4 vinssch PBSE AHY AS, F3
WA Eel Zo]E Holxw 9lon) PBSE MHFHA ¢ A$ &
oggko] ¢SS ¢ F AUtk o|#HT o] Ko} polybrened H
712 Qs dEZutolgi29 bindingol] ™E polybrened) 48
o] gt AL of} A QoA FA wloA 9 wle]
Fgadst de 7)\4 lusiRE & 94%e YA Yeuan
HEZuto)e 29 internalization A ¢l
& polybrenedl J% A AZEs 2 23 8 pg/mLe
polybrene 5TE2 }%91‘1 24 308 Az 7EAY FdEH
7t AES FAF & JUUrhdata not shown).
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o AFE sMsted A EAE L X-gal staining g
%3 binding affinity® ZAste EA¥e] g Holzke A
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9] o] wzy] Wi AHAS binding affinity FHXHEL
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Figure 2. (a) Effect of polybrene on the binding step ob-
tained with X-gal staining. (b) Effect of polybrene on the
binding step obtained with R18 fluorescence assay. (8 pg/mL
of polybrene was used in this experiment)

2 B £ gl oA L8929 dEzZvtelg 29 titers}
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&S W& Roltt watr, AHA9 binding affinityE 243}
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internalization 59 #FH4& AXA %2 AH binding HolY
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A 3 YERulo)y2e £FAE FANMY F= Wl A9
A uAA 28L& ¢ 5 Ak ol 22L& I olAAA
AE BRE WP22A nEAY|2Y 9% #H WAL HE
Zupolg} 29| Hgo] wj§
T gtk

309 482 ¥ 7 USE AN

TEAF0] 23] polybrenee] HERZutolgA 94 u“‘é*é% of ¢
ZA17171= 3AT binding affinity ol 2
ere ¢ 29 29EE OE o4 2 F4 1—31}91 A

Blwate] pEzkY A7t Bd 794, 52 binding affinity
of ojl A&g oA Evle] diE dFE FAFuA Yk o
Bajoro| &0 2% polybrene, DEAE-dextran, poly-L-lysine2,
nERLo| L0 2= dextran sulfate® alginic acidE, 4
AZ2E glycogend AHEEHTh oS0l AHH olfe nEA
0]2 % DEAE-dextran< polybrene®.td ¢ 2~3 v} 7+
gAgast gle Aoz dalr 91(13,14), poly-L-lysine
& o2 ulolae A9 ZdAd AEE FEII} e 3
oz 274 en(1516), nEASIR F FAAZ AHEHE
dextran sulfate: Blo|2]29] 7o AHafzEo] Ugo] &
A 7] WEo|thg15,17). Figure 3 th¥s uEA o2
o] Ad&8 HoFE=d polybrened 71&02 &4 DEAE-
dextran®] A% <k 25 Hlo] gAFHIE 9om, poly-L-lysine
9 Agole ExFgd w Aol oy HFHoE < 25
wle] A ASE & F ek oo wE FADEAY
glycogen ¥ ZEAEo]24l alginic acid, dextran sulfates
B 98 % olde] AMEHL UEE & F Utk ¥F 2EA
001:0]-@_,] 7Lo:l/\4 2501:)\}—_-9‘_,,].1,]. J—_y.,_x].o o].ﬁl_,_}. Z/\-]_L.,_;(].A 7Lod
A ANEH AFAA 482 Z binding affinityel gt
g3 uolztd, F4E dEZuo|g2E HAYHOR ZA3}
= RIBZAWY S E# ZAAHE binding affinity7t 24449
wgtel wled Axg Jehlol € Aol xu Figure 49l
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Figure 3. Effect of polymers on the infectivity obtained with
X-gal staining. The relative titer was calculated by setting
the titer in the presence of polybrene at 100. The virus
inoculum was treated with 8 ug/mL PB, 10 pg/mL DEAE,
160 ug/mL PL1, 4 pg/ml PL2, 4 yg/mL PL3, 4 ug/mL PL4,
2 pg/mL DS (DS1), 4 pg/mL DS (DS2), 8 ng/mL DS
(DS3), 50 ng/mL DS (DS5), 200 ng/mL Alg, and 200 pg/
mL Gly, respectively.
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virus bound / virus added (%)
S = N W A T DY =~ 00 W

P‘; DEAE PII.1 Pl:z Pl'.3 P‘L4 0'51 pDs2 0SS A‘Ig Glly

Figure 4. Effect of polymers on the specific binding affinity.
The virus inoculums were treated with 8 pg/mL PB, .
10 pg/mL DEAE, 160 pg/mL PLI, 4 pg/mL PL2, 4 ng/mL
PL3, 4 wg/mL PL4, 2 pg/mL DS (DS1), 4 ug/mL DS (DS2),
50 ug/mL DS (DS5), 200 pg/mL Alg and 200 ug/mL Gly,
respectively for 30 min at 4 °C. The binding affinity was
measured with R18 fluorescence assay.

X H%o] binding affinity ZRZAFe|HE o2F & ol
Holx ¥&& & & gk HYAE AuEd 1Rl
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o, nERFo| oY FAREA ALdE AR 22 bind-
ing affinity® Reolx itk 28y o3 nEAE HER
Hlolg A9 7l vlXe gz w23, bindingol ™I
ek anx AA ¥ & F Ut

Poly-L-lysinee| M=zl F¢

%o AzolM B uf, nEz Fol2g A HEZuo|yx
o A < 308 A= Ful £3E Fu binding affinity
o & 9%& uAA @) e, ¥R Fol2e 239
binding /%4 #HAe] B} o & FgS vA7] Yo HY
HE FAFIE Rolgt A4 + Utk HEZHolg 2 2
QA2 F nEAYgolLY dFg AA P AoE FHRHE
ZAo] vlZ internalization T4 o]t}

gEZutolg| A7t AE WE internalization®e A2& A
fusion process $ endocytosisZ WiE F QTHIB). o|¥A F
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internalization®] €& F7| &M E 18R} AE W2
YA AEge gk Fojopgt g} 12RZ aFAY
&9 el poly-L-lysined NIH3T3AI%9 &4 AAHES
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o) Aol E 94FEE nAE Aoy ALY F Stk ol 72
& M E 93] 93 nER Fol29 AT yptake F
L2 duBgtEd, Figure 55 IEAol 29 3l poly-
L-lysine®} M¥ WE internalization®< RoFz Q) we}
A, olgd 2PAde DRG] o] YEZvIe]# 29 bind-
ing AETE 3 ol%9 internalization BAIE T3 2
27|94 o B 4gE vjdge g9 A¥49E 1A
o2 sukdlEE Aoz 8 £ gith
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Figure 5. Internalization of FITC-labeled poly-L-lysine into
the host cell.
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Figuré 6. (A) Retrovirus infectivity according to the concen-
tration of poly-L-lysines with different molecular weights.
8 ng/mL of PB(@) was used as a control. (B) Retrovirus
infectivity according to the total number of positive charges
in the retrovirus inoculum. (C) Retrovirus infectivity accord-
ing to the total number of poly-L-lysine molecules in the

retrovirus inoculum. Indicated amounts of PL1(C),

PL2(¥),

PL3(V) and PLA(M) were added in the medium, respectively.
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3 S¥d 2+ gle 2t 4Zg. e
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