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B R EF IR ENH A 107 dF296.6%, 5 BA EF AR 3T R 11.1 dF289.9% £ 5+ %
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4 R RAE A E R B, L KHLASO, LA 2509 4 R &M, ELISAAM R AW AT 55K
Aoy 3AP SRR G ARG B AR SR 4h &K R FT DA K ) £ 48 B 69 Cry1 Ab EPSPS 2 PAT % & , 4%
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The risk assessment of CrylAb, EPSPS, and PAT proteins expressed by transgenic
corn for Chinese green lacewing Chrysoperla nipponensis larvae
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Abstract: To understand the environmental safety of domestic biotech maize on natural enemies, the
impact of Chinese biotech maize events C0030.3.5 expressing CrylAb and EPSPS proteins and
C0010.1.1 expressing PAT and EPSPS proteins on the development and survival of Chrysoperla nippon-
ensis larvae were assessed through diet incorporation bioassay, i.e. Tier-1 Approach. Diet mixed with
potassium arsenate (KH.AsO,) was the positive control. The results showed that the biological parame-
ters, including larval duration, pupation rate, pupation stage, eclosion rate, and adult fresh weight of C.
nipponensis, had no significant difference between the tested C. nipponensis and the control when the
artificial diet contained purified CrylAb, EPSPS. However, the larval duration and pupation rate were
10.7 d and 96.6%, respectively, when larvae were fed on diet containing PAT protein, which were signif-
icantly shorter and higher than those (11.1 d and 89.9%) of the control. In contrast, the larvae could not
develop normally into pupae when they were fed on diet containing KH,AsO,, indicating that KH,AsO,
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was toxic to the larvae. The ELISA results showed that the contents of CrylAb, EPSPS and PAT pro-
teins were 2 758.8-5210.7, 35 018.0-54 426.6, and 16.8—-149.8 ng/g, respectively. The results indicated
that the Cryl Ab, EPSPS and PAT proteins expressed by biotech maize events C0030.3.5 and C0010.1.1

had no adverse effects on the survival and development of C. nipponensis larvae.
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H M 1996 4555 | B % BLDIVE D AiAe LUK, %
FEDED ORI T FRAEAS TS N, 2015 4F Bk 5L
VE®) Fp A8 1l FH B 2234 3] 1.797 42 hm? (James,
2015) . BEFREDIVEYIEdE R 2t s A TRI , s
TARZE T R B IR R, FORAE I —Fh
Yy AERIRNEE NP2 R, 3B R LS T
M EER A 21% T A6 ] (Baktavachalam et al.,
2015) . BEIEPHPTREKRAPTHIEN FER AT A
% ZEMIAT IR Bacillus thuringiensis(Bt) . BtJ&—fi#E
2 [GRAMER , ™A 8 B R HUs P R A
HABWWEY T By in i 5 A Y E2EF R
(Naranjo,2009),

H B VY R AL LUK, 2 PR A
1567 B9 45 15 (Romeis et al., 2008 ) , H:rfv % 5L K 4
YIRT AR SEAR A P 0 42 A P BOR B SZ 3 0GR 2
XPABLEAEAE R R G R BRI AR, KL
(Sanders et al., 2007; Li & Romeis, 2010; Li et al.,
2013) 1% ¥y 2 H (Rose et al., 2007; Felke et al.,
2010) F1 2 3% B 1t (Yao et al., 2006; Yang et al.,
2014) (e A A o B PIEYITE DAL Z 11T, 020
FLIAT R B IA)LE A RU PTAk DR (3 X AR A A
5 %A AN 520 (Romeis et al., 2008) , Losey et al.
(1999) il T HUE it i A 3 B PR K AE M 1 E A
L Asclepias syriaca Xt KEE8E: Danaus plexippus %))
B EAAFIEEN , X —HET R TR R RO
o SR, RS KM R W], TR0 00 3 45 T, B
BB R TR AER 1Y B A A F it R A 2
TR BRI BE T2 0 3 14 I (Hellmich et al., 2001) ,
SRIMTE A SRR BRI Bl b A e A vk JiE I
K T35 1= (Sears et al., 2001 ; Stanley-Horn et al.,
2001 ; Tschenn et al.,2001) ., 4, 53R F KA
FE, oK HH AR SR QR B | it Tt A% A ) 250t
T BREME (1% 5 1) B K (Oberhauser et al., 2001) . [ it
Tt 5 DR K A 9 0 R B0 B 1 A S 2 4 R AR XU
(Gatehouse et al.,2002), Schmidt et al.(2009)JRiE T
Cryl AbF1Cry3Bb 25 A% — B3I H Adalia bipunctata
HARBEM . B S XX — R T e T R E it
5%, IE 52 Cry1 Ab 1 Cry3Bb 2 F % — & 3t 3% A7 4%

351 (Rauschen 2010; Ricroch et al.,2010; Alvarez-
Alfageme et al.,2011) , 145 i Schmidt et al.(2009)
(R 5% 7 V6 A A BT E R B DA b T A
Ephestia kuehniella 5157 — BB A 1 184 U FETS
HR(7.5%~20.8%) .3 & T HE T H AN Alvarez-
Alfageme et al.(2011) FIRIR A5 2R (3%) o

Hilbeck et al.(1998a,b) & i il K214 Chrysop-
erla carnea %] HLHUE % Cry1 Ab & FH U Fa)BL R 5T
i Spodoptera littoralis %)) H | KR YN £ K 85 Ostrinia
nubilalis %)) 11 J5 B A7 15 28 5 %8 BRAH T 2 3 REAK, A
“h Cry1Ab 2 [R50 R 0% 4y B AFI 0 1
Je B B X AN A1) 52 M 2 R B AR Y LA
FHIE 2 RIS T R B9t 2, RN 238
i =GV IR R FR B, Ve BRI MF SR A AR DT
Ik RA4555 8 Rhopalosiphum padi F1 B4 Tet-
ranychus urticae 5 , X SEF5Y 45 BAE S T Z B HRiE
ARSI 2 TR B I AN R G RY , 5 Bt
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KL, ABAT RIAFRF W, Z J5A Had DLk AL
B WVER BYIAIE S LI TARRE A SERE () B8 42 4
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meis et al.(2014) 73 H7 an 25 T AT A IS 45258, I
Cry 1 Ab & X838 B 3 A AN A s, W& o) T
X, TE NN B R e 2 MR W R i 72
o, K T RGNS RVEY) 2 VPR i BRI
7% (Romeis et al.,2008) .
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ZUPTHR L 10 F5 B TN It B 5 R PR EOR R IR 1
3FAME A 1 Cryl Ab(HLHL) (EPSPS (ifif [ 5551 ) Fl
PAT (ifi B #0350 B I T ARV} R H AR s
gl H, IR A A R B I RE A, E T
PRI L T R R K i 3R W SMIE AR O H AR
A I Ay PR A 4 UK, DA A g e TR A TR
K EIBIE & AN ML A PR R S 4
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1.1 w8

A R . B A E B o E RO R B AR )
PRV I T R T R ORI AL BRI, 2y e AR 5 0
Aphis glycines T F=TE IR JE 20~27°C AHXTREEE 60%~
75% . A SR G IR AR 25 PN 5 AL RN Akl 5 7
TR 26+1°C FHRHEEE (75£5)% SEMEEM 16 L:8 D
AN TR P o TR} H R AR e B A9 e
HRL =1 B LRI 2 G, i ZK A AE Bk B K I
B R U TR . U R OK IR Ostrinia fur-
nacalis T BE 27£1°C FIXEEE (75+5)% R JA]
116 L:8 D AyFE = N TRk 2l 52 24X
X Bt A% B AR S P R R AT 5 4y e
JE Cryl1 Ab 25 1 B4 HUG M

IR K AL 2% - Cry1Ab EPSPS \ PAT 4 [ V45 Vi 11
e R A A B w3 3 i K T i
Escherichia coliZ%ik , 56 RALKRAWIHARA R
AR 12K C0030.3.5 F1C0010.1.1 #5348 Cry 1 Ab,
EPSPS . PAT 4 1 HA 52 5 45 [l P , 25 4 ikl ge
At KA A= Wy AR A PR B 58 15 99% il e — =
B (KHASO,) , Jb it A2 /R R A BR A 7] 5 Cry1Ab/
CrylAc.,EPSPS  PAT i Jk 2 43 W it Il 5 (enzyme-
linked immunosorbent assay , ELISA ) #3257 & , &
[E] Envirologix /A F] . Thermo Labsystems Model No.
354 bR, 25 2% T %) Thermo Labsystems 23 7 ;48 L
K534, 22 [E Corning Incorporated 23l o
1.2 Ak
1.2.1 CrylAb& a4 R FHagn 2

Z7% He et al.(2005) 1977 72 Cry1 Ab 8 1)
AR P, RV Z2 87K 1 Cry 1 Ab 25 1 B Al
0.05.0.1.0.5.1.5.10 png/g 36 MRS, DL H &
ZRIRK Ry 25 R IE, 530 Y0 E ORI ) N T AR RHE &
B5) . SRIGHE R 28 5026 T 48 fLIG Fel b, M
FORIERIBEL) R oo A B L 1 kg, 7 d
ZIGAPET A S AIET %, g E R 2K
R AR Cry 1 Ab 2 A g M. 3 251 il

JE 27+1°C FHRHBEE (75£5)% JEIEJE 16 L:8 D,
1.2.2  BHREZ G AT B K8 64 & 492 2 e 4

AHIFFE B A0 T v SR R ARDBHAS Ik (L et all.,
2014a) , BIFE H A< 38 B )y shopy N TPk s it
it 7E 1 Cryl Ab EPSPS Hl PAT, 7 Jl 2 i 2L 0 &
KL (E ) Ry BE Y 1065 LA B, 2331 158.0 pg/g
CrylAb #5 [1.2.47 mg/g EPSPS % [1 .753 pg/g PAT
HE ML BILLR AN 36 png/g KHaAsOFIZK 19 A T4kt
Sk BAPEXSF BRECRIBAPE XS R L B AL ) H AR 38 B0 4
ke B AN i) Ach B4 N TR, R4 B X 4]
BHE 2l B K& DA A PR | B Rl e e
FHEREFTNEYFSHC MR 3RER 94
FIMNA 38~40 4 fakMEE 2 d 4 19K, 1 AR
FL2 LR HUAE KRB FRET- S48, SPb S i AR
H2 hZ WA PERIARE . R0 25 1F R 1.2.2. BEAb,
T3 ¥ B AR 9 d 1Y H A B0 4y LR AEAE-80°C
KA B, T ELISA I SE .
1.2.3 B KB FH4) KRN &G 4EEn

fifi i ELISA 35U & , /| CrylAb/CrylAc, EP-
SPS . PAT )6 357 &5 4G 1.2.2 o AR A7 1) H A
A4 A N 4 Cry1Ab  EPSPS . PAT 2K [1 & & , 8~
10 k& BAEM L ASALBE BN B3 IR AT, ok
41 HUF PBST 15 Uk LA BR KRR T & 8 11, SR S5 FR
FIFIMA 1 mL PBST IR A /53 A 2 mL (1 E .0
B, B ST AR TR A I 2.0 5 B IO
5 YA RS T ELISA &l . 44 B8 ELISA 55 &
MR UL T T . Horp Cry1 Ab #1 EPSPS 2K [
P AE KRR UE A R DUAE & 2 B AR &
96 fLAR ; #7 IK = I T E 1 h; PBST #hyk 31k i
A 100 pL ARic i, #5 K - 4k 22 4% 0.5 h; PBST ik
3UGIMARYY, =3 B HCE 0.5 hs INAZEW ; 7R
BRI 22 450 nm b WOEAE , 2wl AnE -l 2 F 1T
ERE S CrylAb # EPSPS 25 [ I9VE FE . PAT &
LRI B FRIC B A 96 FLAR ; TN AARIE S
WUAE S, B3t 5 25 MRS 2 hy PBST Mk 3 U¢; il
NI B3t ) 25 0 R CE 0.5 hy N 135 e 1
FRACE DA 450 nm Ab W SEAA , 2 hl bR ifERR 4, 1T
BRE S PAT 2 MR
1.3 #ESHh

Cryl Ab & 4 i A% HL 36 P4 F PoloPlus 1 F 43
BT, AR EHE I SE 153 K FH SPSS 16.0 3R
1To W ARFRFENE S5 SR PR R
TR s 4l UK D A FH Mann-Whitney #5
5 5 B A 2 NI ST AR AR A 0 A A 5
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2 BEREHM

2.1 CrylAb ZE B XL ERIERE
Cryl1 Ab & [ 6 W90 K I ELAT B4 9 35
()°=8.060; df=10) , BFIL ¥ Jif LCso 24 0.095 pg/g
(95% FL:0.068~0.124 ng/g) . & WA 5 1 1)
CrylAb FE LG R4, S8 W EoR KXW
Cryl1 Ab & H SR, /T T 20
22 HECrylAbEBHHABERERKEZBRER
S IE H R H B A Cry 1 Ab 2 1]
BEI) H A3 R0 &) HUTE 25 BOR (df=1, 57<0.001, P=

0.983) L (df=1, =0.307,P=0.579) 4 L&
Fi (n=214, Z=—1.422, P=0.155) . % (n=91, Zo=
-1.522,P=0.128;1n=95,Z:=-1.591, P=0.112) . J{ b fif
F (1.=—0.006, df=87, P=0.995; t, =—0.037, df=93, P=
0.97D)4F A To R 25 . MHE & A KHAsO,
TR A 38 0 2y R W DB L, 2 RN
Hh13.3%, B E KT HUE I # AR BE (P=183.4, P<
0.001) 1% 90.7% FI 5 Cryl Ab fRIRIAb B (2=182.4, P<
0.001) [ 90.6% (£ 1) ULEHELE LA Cryl Ab &
X H AR 3E H &)y AR R B AR

#®1 B CrylAb EEH B AE R L) HEYF S
Table 1 Biological parameters of Chrysoperla nipponensis fed directly with artificial diet containing CrylAb protein

p— S U, By i
Qb SRS L Qe Pupal stage Adult fresh weight
Pupation rate  Eclosion rate  Larval duration
Treatment (%) (%) @ (d) (mg)

Iff Female ff Male  #ff Female T Male
1E# ik} Control 90.7+3.7a  84.0+7.1a 12.240.1 a 8.74#0.1a 8.6+0.1a 5.06+0.10a 4.14+0.06a
& Cryl Ab T} 90.6+3.8 a 86.9+2.4 a 12.7£0.2 a 8.8+0.1a 88+0.1a 5.06£0.09a 4.14+0.07 a
Diet containing Cryl Ab
B KHAsO. fi Bl 3.3+0.8b - - - - - -

Diet containing KH.AsO,

a: R ; b: Mann-Whitney U Kz 307 ; o ¢ ERTE . SRh & N 3 8pniEiR o R F 8 5 A R B 2RR 7 P<
0.05 /K V-3 03, — FoRTEMEW NEA L BAETE. a: Chi-square test; b: Mann-Whitney U-test; c: ¢ test. Data are mean+

SE. Different letters in the same column indicate significant difference at P<0.05 level. — indicates that no larva survived during ex-

perimental observation period.

23 R EPSPSEAMBARBEREKLZTER
5% A EL , BUE & 45 EPSPS 85 ARG H AR
1 B A AR LS R (df-1, =022, P=0.639) . Fl1k
R (df=1,x=0.06,P=0.815) 2 i & & il (n=213,
7=-1.874,P=0.061) .4}l (n=108,Z=-0.252,P=0.801;
n=91,Z:=-0.107, P=0.915) \ il H fif 5 (1,=1.456, df=
106, P=0.148; 1, =0.757,,df=90, P=0.451) % J7 @i ¥4 ¢
WEES . ME THA KHAsO MR H A8 &
W 4y U DR Ak B A, S5 O I R R R
TR (df=1,°=197.1,P<0.001) FI55 EPSPS fal k| ab F
153 3 (4=189.4, P<0.001) (£ 2) ., i ik
EPSPS & 1% H A RIS B K A B A 52
24 BEPATEANBHABER A KEZFER
SR IEH DB L, BUE A7 PAT 85 1 )t
(1) H A B UL R (df=1,/=0.68,P=0.410) |
T B (=109, Z:=—1.163, P=0.245) . ji{{ 1 fif
(#=0.186, df=101, P=0.853; t.=—0.240, df=108, P=
08115 I #2255, WEEA PATHHM

H 230 5004 &)y B4 R R 51 96.6% , 8 3 T IR
TR TR BRI 89.9% (df=1, °=4.288,P=0.038) ;%))
& DA A 45100 10.7 d AN 8.6 dL 3
FARTECE IE W R BRA 1.1 d(n=220,2=-2.348,
P=0.019) #1 9.4 d(n=101, Z:=-3.215, P=0.001) , HX
1A KHAsO. MR H 2R3 5004 4y U S REAF TG
N HHI(F3) . REAPEPAS I PAT B (4 H A8
T AR R B TOARFIE M, R A Il H A E
W HIFETE AR R o
25 HABE®RHGRENZEANSE

ELISA #2553 1, 78 H A3l R 0% 4 dU iR Py
Pyl #:3) Cry1 Ab EPSPS . PAT &5 [ , ¢ J& 3 %1 Ky
2758.8~5210.7.35 018.0~54 426.6.16.8~149.8 ng/g.
T 7 B TE Ak A AN 308 8 &) H R PR A ARG
F . FRUIHEK H A< B0 4l RS IR i B R iRk
PE HARER A, RIR FHARDBHES Tk BB A B0 H (7] H
R B )y HGE S B R B L R R OR SRR A
B
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Table 2 Biological parameters of Chrysoperla nipponensis fed directly with artificial diet containing EPSPS protein

- . HU il M i
SR PR g FE L :
. . ] Pupal stage Adult fresh weight
QLB Treatment Pupation rate Eclosionrate  Larval duration (d) (mg)
% % d X - X N
(%) (%) (@ Iiff Female  ft Male  Mff Female i Male
1E%# 1Ak Control 91.5+1.8a  93.6+2.2a 11.7+0.4 a 9.040.1a 8.8#0.1a 5.35+0.12a 4.46+0.10a
£ EPSPS Tkl 89.7+4.5 a 94.3+1.7a 11.6£0.1 a 9.0£0.0a 8.8+0.1a 5.13+0.11a 4.35+0.10a
Diet containing EPSPS
 KHAsOu 1} 0.8+0.8 b - - - - - -

Diet containing KH>AsO,

a: RTKIE 5 b: Mann-Whitney URi 37k ; o0 (IIGE . R P B P28 brifi R . [RFVEdE G A A5 B3R e P<
0.05 /K-S0, — FRIEMEW NEA 4 HAEG . a: Chi-square test; b: Mann-Whitney U-test; c: ¢ test. Data are mean+

SE. Different letters in the same column indicate significant difference at P<0.05 level. — indicates that no larva survived during ex-

periment observation period.

R3 MRPATERHBABEERENFSH
Table 3 Biological parameters of Chrysoperla nipponensis fed directly with artificial diet containing PAT protein

A G
[ SPIfY 2% 2 =l b
Kb ¥ - EEK ;Hﬂﬁﬁ AT Jﬁfﬁ’ﬂ Pupal stage Adult fresh weight
Pupation rate Eclosion rate Larval duration
Treatment (%) (%) (@ (d) (mg)
7 . M Female M Male M Female It Male

TEH 1A)E} Control 89.9+0.1a  953+1.0a 11.1£0.1 a 94+02a 8.7+0.1a 5.74+0.15a 4.67+0.09 a
£ PAT 1Ak} 96.6£2.3 b 97.3+1.6 a 10.7+£0.3 b 8.6£0.1 b  8.6+0.1a 5.72+0.12a 4.70+0.11 a
Diet containing PAT
/E\ KHzASOz;/L’EJ*iL - - - - - -

Diet containing KH>AsO,

a: R b: Mann-Whitney U k30 ; o ¢ ERTE . Rrh &N I 8priERR o RSB 5 AR5 RORTE P<
0.05 /K -5 03, — FRRIEMEW A L BIEE. a: Chi-square test; b: Mann-Whitney U-test; c: ¢ test. Data are mean+

SE. Different letters in the same column indicate significant difference at P<0.05 level. — indicates that no larva survived during ex-

periment observation period.
3 g

L 2 e R A T R ) — 1 XU S e B R )
XTAESAR AL Y T EAS R I, JEHOE X AR R R
S A EEYIREM KRR L, FEEIVE IR
T 23 B W B A% s VR T AR ) A5 388 45 K
MR B R TR Rk E AT, =
TR ] DA 3 sk B 7R B PR K i ol Cry 1AL 3R
F1 4% 13 25 3% 38 52 1% (Dutton et al., 2002) ; 3 %5F Aphis
gossypii WUE 5 3 R AR A6 5% Bt 28 H 38 1 5% 5L R AR
AC i 0 — 6, 58U . Propylaea japonica W )55 4%
1% 25 0,208 1L (Zhang et al., 2006) ; 55 3L K /K fg e 14
] Cry1Ab & H 7] LLif i /K #f - #8 K E\ Nilaparvata
lugens—$L K AR Wk Pirata subpiraticus B Y1HE M H
I AAEARIRAR N 5 5 (PR 55, 2005) . TEFE AL
RIVEY AR A B L i vh , BT 32 208 0o S
5 > HH R = HH [a] 1) 7 BTN SR 58 B, 7E 250 = F 9T
AR, AT LAY A Tier- 1456, — 2% 8 F-1R56 F1 =

2% 78 21858 (Romeis et al., 2008) . Tier-1 3256 0 1+
P I ASZIRAE YRR R S8 B, XA Z A )
AT DA A% 2 BR AE o 0 o Gt i 1 FH () 05 110 2 1 o
JE AR RO SR Tier- 13856, A T AR A
i) Cry1Ab .EPSPS PAT 4 ¥ J& & H 8] FoK KA
10 M5 LA o 5L 3L Y 41 20 B BRI iy —
Y8 IR Lol i A A B - KB =SB 3R
K Z ARG A Eb , Tier-1 3056 19 245 5 50 v] 5 (Li et
al.,2014b) . N T PRI ES R A 80, i s
T SE R ORI 3R 11 Cry 1 Ab T U FI TR
TR BN K AR B O KR, AR il
FHXE Cry1 Ab 25 FABBUE A I P K IE R T, 25
TR Cry 1 Ab 85 H EARIF I 28 HUE P

H 243 8 &)y e A I 25 SR B, 4 U 5
HORA] LK) 90% A, e B T iR 45 R ny n] 5
Pk Bt 25 I L 4658 B AR B AL A g b A e
BOBREL HU™ A AR SE ], A LA ARG 45 SRR B
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B g A Bt 35 32K (Rodrigo-Simén et al.,
2006), —ALME Chilo suppressalis N\ T fifl——AkiE—~
H AT Fie =5 3R R M5 R IR Cry2Aa
A I AR 4y s H A S8 508 40 BTG R A A
B A AR, SR 4 AR A TR A
SO TERE S FF I R B BE 1Y Cry2Aa T
FEMEK BRI H A E e 4 2 I Cry2Aa fi
X H AR T80 R0 &l RO AR B2, 2 JiE AR A
FS2 ) J2 T AR B R o P I I 5 Lk (Li et
al.,2013) . BUE & CrylAc 2 (R A6 I A 0 s
RS HU 20 5 R 7 A AN, T Cry 1 Ac 28
FA BOPE B AR S A 23 500 31530 8 777 A AN 1) 52 i
(Lawo et al.,2010), Li et al.(2014a) ¥ A& U 1R
ANTHRUAFSE Cryl Ab CrylAc . Cry2Aafi 4
X H A8 e &) i 22 4 RUR PEA & B 3 e
TR X AR KT TR . A4 1w
FEUESE T HUCE % Cry 1 Ab 2 FURDRHP) H AR 38 28 1Y
4 U D O B R PR iU E A
PR IR R B L T B 2

EPSPS & & — i & H R w550 8 B, HR
JNE R E] T 2.47 mg/g, H AT T BRI & 3 X
BEYERBM R D . ARE SR BoR, lE S
EPSPS 25 F{RPRLAY H A i 5 2y i & 75 H 30 B |
GEACR OPMER SRR E S Y S S IR
T A B L AT 3 22 S, U X b 2 1 0 H
AT RIS ) R HAA AR R 2 At . H RSt 2R B
T %% cryl Ab/vip3H+epsps 3 [ 7K Fe % 7 i1 Nepho-
tettix cincticeps MHEEA AR (A, 2013) .
PAT 25 [ & — R 2 T JRERR #0500 2 1, s 4y
753 ng/g. 4 HUMHCE 2 PAT 2 Y H AT FO8 &k
B D7 A B R A 4 SIS R S R
TR, WA KRB SBORF , PAT & 11X H A
PG A AR A BN AR, HACH B4 dUk
PN RE % 4G I 1) /0 5 1) PAT 25 1, W FE A 4 16.8~
149.8 ng/g, Ui W] PAT £ AR A 5) K fift , 32 W] PAT 28
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