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Abstract: Autophagy is a cellular process whereby cytosolic materials or organelles are taken up in a double-
membrane vesicle structure known as an autophagosome and transported into a lysosome for degradation.
Although autophagy has been studied at the genetic, cellular, or biochemical level, systematic ultrastructural
quantitative analysis of autophagosomes during the autophagy process by using transmission electron microscopy
(TEM) has not yet been reported. In this study, we performed ultrastructural analysis of autophagosomes in
wild-type (WT) mouse embryonic fibroblasts (MEFs) and autophagy essential gene (atg5) knockout (KO) MEFs.
First, we performed ultrastructural analysis of autophagosomes in WT MEFs compared to atg5 KO MEFs in
basal autophagy or starvation-induced autophagy. Although we observed phagopore, early, late autophagosomes,
or autolysosomes in WT MEFs, atg5 KO MEFs had immature autophagosomes that showed incomplete closure.
Upon starvation, late autophagosomes accumulated in WT MEFs while the number of immature autophagosomes
significantly increased in atgS KO MEF indicating that atg5 plays an important role in the maturation of
autophagosomes. Next, we examined autophagosomes in the cell model expressing polyQ-expanded N-terminal
fragment of huntingtin. Our TEM analysis indicates that the number of late autophagosomes was significantly
increased in the cells expressing the mutant huntingtin, indicating that improving the fusion of autophagosome

with lysosome may be effective to enhance autophagy for the treatment of Huntington’s disease. Taken together,
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the results of our study indicate that ultrastructural and quantitative analysis of autophagosomes using TEM
can be applied to various human cellular disease models, and that they will provide an important insight for
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cellular pathogenesis of human diseases associated with autophagy.
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Fig. 1. The cellular process during autophagy process. Autophagic process follows distinct stages: vesicle nucleation (formation
of phagophore), vesicle expansion (autophagosome formation), maturation (fusion of autophagosome with MVB
(multivesicular body)/lysosome, degradation (acidification). Once autophagy is induced by autophagic stimuli such as
inhibition of mTOR leading to recruitment of ULK complex (ATG101-ULK1-ATG13-IP200) on the site of formation
of initial isolation membrane, phagophore (isolation membrane) begin to be formed and then cytosolic components
are sequestered by autophagosomes characterized by LC3-II-positive double membrane structure. Lysosome can be
fused with autophagosome to form autolysosome. In final step, cytosolic components are degraded in autolysosome.
The elongation of phagophores requires two ubiquitin-like conjugating systems. 1) ATG12-ATG5-ATG16L system:
2) Phosphatidylethanolamine (PE)-LC3 system: As the other system, microtubule-associated protein 1 light chain 3
(MAPI-LC3, simply LC3), mammalian orthologue of ATGS, is conjugated to PE. Cytosolic form of LC3, LC3-1
is generated by cleavage of pro-LC by ATG4B and further processed by ATG7 and ATG3 to be conjugated to PE
(LC3-II). LC3-II specifically associates with autophagosome membranes (mTOR, mammalian target of rapamycin;
ULK, Unc-51 like autophagy activating kinase; PE, phosphatidylethanolamine).
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Fig. 2. lllustration and representative TEM images showing the steps of autophagy process in WT MEFs. (A) Illustration

of a series of autophagy process in WT MEFs showing key characteristics of phagophore, autophagosome, and
autolysosome during autophagy process. (B) Representative TEM images of each autophagy step during autophagy
process. phagophore is a forming stage of crescent-shaped incomplete double membrane to enclose fragments of
cytoplasmic organelles. In early autophagosome stage, intact thin double membrane formation is completed and the
fragments of cytoplasmic organelles which still having their own shape are fully enclosed within the double membrane.
In late and dense autophagosome stage, the matrix of each autophagosome is compacted with homogeneous contents
having various electron density. Finally, the autolysosome is fused with the lysosome which adjacent to the outer
membrane of the late autophagosome, and the lysosomal hydrolase degrades the contents and inner membrane of the
autophagosome. Multi lamellar body is a structure with continuously overlapped membranous multilayers. Abbreviations
are: Nu, nucleus; M, mitochondria; ER, endoplasmic reticulum; G, golgi apparatus; Ph, phagophore; AP, autophagosome;
AL, autolysosome; MLB, multi lamella.
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Fig. 3. Representative TEM images showing the steps of autophagy process in ATG KO MEFs. (A and B) In difference
with the autophagy process of WT MEFs, the double membrane structure of autophagosome and autolysosome (arrows
in each image) are incompletely formed. Abbreviations are: Nu, nucleus; Ly, lysosome; M, mitochondria.
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. Ultrastructural comparison and statistical analysis of autophagy process between WT and ATG5 KO MEF cells upon

starvation. (A) Representative TEM micrographs showing various autophagy steps in cytoplasm were acquired from
WT MEFs in control (a) and starved condition (c). (b and d) High power zoomed images of marked area in a and
¢, respectably. (B) Representative TEM micrographs showing various autophagy steps in cytoplasm were acquired from
ATG KO MEFs in control (e) and starved condition (g). (f and h) High power zoomed images of marked area in
e and g respectably. (B) EM images in ATG5 KO MEFs. Abbreviations are: Nu, nucleus; Ly, lysosome; M, mitochondria;
G, golgi apparatus; ER, endoplasmic reticulum; AP, autophagosome; AL, autolysosome. (C) Comparison of the
quantified number of each autophagy step per unit area of cytoplasm in each experimental condition, respectably. Each
bar represents the mean £ SEM. Statistical significance was evaluated using two-way AVOVA test. *p<0.05, **p<0.01,

#xp20.001.
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Fig. 5. Ultrastructural analysis of autophagosomes in Huntington’s disease cellular model. (A) EM images in HEK293T cells
expressing EGFP-Nhtt (16Q) (a and b) and EGFP-Nhtt (150Q) (c and d). Abbreviations are: (Nu, nucleus; M, mitochondria;
G, Golgi apparatus; ER, endoplasmic reticulum; AP, autophagosome; AL, autolysosome). (B) The graph shows quantification
of number of autophagic vesicle in EGFP-Nhtt (16Q) and EGFP-Nhtt (150Q) expressing cells (*: p<0.05, student t-test).

Analytical Science & Technology



Ultrastructural analysis and quantification of autopahgic vacuoles 217

ZAA S F2E AL, A AT HA, 16Q9
Agelo] WA E M E(Fig 5Aa, b2ke 22 150709
ZFFENS /A= dYE %ﬂﬂé‘ol Y A E
NME FAo] oF 2.3 umP =] ZFFEY] @
SAAN AEZY ZH e} AED ZAH | xS 3
AT F UATHFig. 5Ac, d).

g, AR ou)R] B o] & &g TR
TP Zo A B = g =ol(Fig 5A, B), 150Q2] HI A

19 vl o) BdE AT E AR B
AR Pl BB L e ANY, 7] AHE
A7t frelulsl 7k A BB 5 AATHFEg
5A, B). ol AFE wlde] SR 5] ArhEa
RS} ol o] AL A Bo]2F AFA

7] AZFEAA 7F A = QA B 0 w9
271 ol8) A7hastargol BAskEo ArE2A 7L
ZH 93, A7txshahge] 27t TEH ol o} ¥
7| ANEAA L FAE 7392 A2 2 S Sl o)
2hA, Aol EAske Buld A AAGE
Aoz ArtrstES BEE A, ATIEA A %
gholad A S7reHAY, el

A7resdAe 2847} o s Ao A7k,

2 =ROAE 3 M Aol Esh Arhastagol

938 Q8 s ATGS 29 A-FolH A 1}7}
23h2g SAE ATFEAAE WAL A 5] w4
TE A4S T AVIEAA Y P2 2 H A

A frobdl Z el ATGS A9 AdfrobAl| Zel|A] ZVP*‘ ]
] ﬁ‘rﬁﬂ% nAl R S SlE AR A S o
F Al frobAl el A sfarxze], 27] ZVPE*WL
7] 1}7}3 2A, LEZo|aFe] WA vz
B3I, A7FEAA ] 5 FF8) skl EE?&,
2 Aot ek ATGS 23 AlfrobAl ZellA] w4
TE2E Ml #sle], A Afoml Tl te &
A7kastatg A Al ZoA e ool SAHA ¢
& AZFEAA 7L EA AL, o]Eo] ATtasHAE frie

oF HHHE AL WA 5 ATk ol Arhast
g fuol SJaiM 2719A ] 1L} frwso]

WA YO, ATGS FA4]
o Bilo] SHA g} BRUF Gl o FH 7
27} AE Wl FAEAT P78 B 5 Aok B
Aol N ATGS7H ARE AN o] Be17) ke

Agoz o|Fu 2

Vol. 31, No. 5,2018

TZ7F 28 Ht= A I ATGS-ATG12 H3 A
o] Z ] 9}(isolation membrane)2] Wl FQ 3+
< dgE 7129 Bue 4" AHE Sl
ATG59] 71%5< 343 A5 4 AU

g, B AolA 5 ArtEAA S @A &=
oA TE BA 9 o= AT gk BAWS ulgo
2 thEFQI g4 lﬂ]"@]rL Ay Agrddx
A7YEAA| B AFRE
ok 2 A3, vrgdARl ISOQ A o] g

Al

\:o

4N-
~
S
(s
_O‘L
£
ox
of
M
ko
grlg
32

ol
AL YA Artaslzre 28 B 23
= ot v, Arkashabg

o)
AR
N B 5zl wAME B9 Ywahi
3 whul

23
Aok @A ﬂléﬁ Be ow—n BLER
Aol AR Sl Tl &
£ AERDAA ARAY BAES ol g3te] F7]
ANESA 7} frelelahA 7k
g o AT G eolaFel ATS T
e WAL Artastg 24 ‘

A AA E&HY P w2 5 A
E AR

rlr
ﬂlﬁ 1
A“i
i
e
32
kd
o

webd], QYRS ATFEAA WA o)A P
A4 e AR A5 g A4o] D Ak
A 2 BTN AT EAE AT & & 21
G, & RFoN T8 AARIRE BE
AL A WA BA P B S 2
AzRe A7 tas g3 AR TR SR A

AW muo] 283 4 9l Aozt Azte),
2ol 2

of = ¥l AT (T38210,
C38916)7 2018 % HF-(FH87| &4 HEAIF)9] A
doz FdxAFATE Hiele BTSN EAY
(2017M3A9G7073521) % 2t 7(F7tekAh)e] A

A4S Dol 3% Aol
References

1. I. Dikic and Z. Elazar, Nat. Rev. Mol. Cell Biol., 19(6),



218

Suin Choi, Pureum Jeon, Yang Hoon Huh, and Jin-A Lee

349-364 (2018).

. J. Bestebroer, P. V'Kovski, M. Mauthe, and F. Reggiori,

Traffic, 14(10), 1029-41 (2013).

. Y. Murakami, S. Notomi, T. Hisatomi, T. Nakazawa, T.

Ishibashi, J. W. Miller, and D. G. Vavvas, Prog. Retin.
Eye Res., 37, 114-40 (2013).

. S. T. Shibutani and T. Yoshimori, Cell Res., 24(1), 58-

68 (2014).

5. H. Nakatogawa, Essays Biochem., 55, 39-50 (2013).
6. D. Glick, S. Barth, and K. F. Macleod, J. Pathol., 221(1),

10.

11.

12.

13.

14.

1.

16.

17.

3-12 (2010).

. A. B. Birgisdottir, T. Lamark, and T. Johansen, J. Cell

Sei, 126(Pt 15), 3237-47 (2013).

. D. J. Klionsky, K. Abdelmohsen et al., Autophagy,

12(1), 1-222 (2016).

. S. R. Yoshii and N. Mizushima, Int. J. Mol. Sci., 18(9)

(2017).

N. Mizushima, T. Yoshimori, and B. Levine, Cell,
140(3), 313-26 (2010).

S. Barth, D. Glick, and K. F. Macleod, J. Pathol., 221(2),
117-24 (2010).

J. H. Hurley and E. Nogales, Curr: Opin. Struct. Biol,
41, 211-216 (2016).

E. L. Eskelinen, F. Reggiori, M. Baba, A. L. Kovacs,
and P. O. Seglen, Autophagy, 7(9), 935-56 (2011).

Y. Ohsumi, Cell Res., 24(1), 9-23 (2014).

E. L. Eskelinen, A. R. Prescott, J. Cooper, S. M. Brach-
mann, L. Wang, X. Tang, J. M. Backer, and J. M.
Lucocq, Traffic, 3(12), 878-93 (2002).

E. L. Eskelinen, C. K. Schmidt, S. Neu, M. Willen-
borg, G. Fuertes, N. Salvador, Y. Tanaka, R. Lullmann-
Rauch, D. Hartmann, J. Heeren, K. von Figura, E. Knecht,
and P. Saftig, Mol. Biol. Cell., 15(7), 3132-45 (2004).
N. Mizushima, A. Yamamoto, M. Hatano, Y. Kobayashi,
Y. Kabeya, K. Suzuki, T. Tokuhisa, Y. Ohsumi, and T.

Authors’ Positions

Suin Choi : Research Scientist
Pureum Jeon : Graduate Student

Yang Hoon Huh : Senior Research Scientist
Jin-A Lee : Professor

19.

20.

21.

22.

23.

24.
25.

26.

27.
28.

29.

30.

31

32.

33.

Yoshimori, J. Cell. Biol., 152(4), 657-68 (2001).

. J.A. Lee, C. S. Lim, S. H. Lee, H. Kim, N. Nukina,

and B. K. Kaang, J. Neurochem., 85(1), 160-9 (2003).

M. Hariri, G. Millane, M. P. Guimond, G. Guay, J. W.
Dennis, and I. R. Nabi, Mol. Biol. Cell, 11(1), 255-68
(2000).

S. R. Carlsson and A. Simonsen, J. Cell Sci., 128(2),
193-205 (2015).

C. Kishi-Itakura, 1. Koyama-Honda, E. Itakura, and N.
Mizushima, J. Cell Sci., 127(Pt 18), 4089-102 (2014).

Y. Nishida, S. Arakawa, K. Fujitani, H. Yamaguchi, T.
Mizuta, T. Kanaseki, M. Komatsu, K. Otsu, Y. Tsujimoto,
and S. Shimizu, Nature, 461(7264), 654-8 (2009).

D. B. Munafo and M. 1. Colombo, J. Cell Sci., 114(Pt
20), 3619-29 (2001).

N. Mizushima, Nat. Cell Biol., 20(5), 521-527 (2018).

S. Saha, D. P. Panigrahi, S. Patil, and S. K. Bhutia,
Biomed. Pharmacother., 104, 485-495 (2018).

F. Guo, X. Liu, H. Cai, and W. Le, Brain Pathol., 28(1),
3-13 (2018).

B. Levine and G. Kroemer, Cell, 132(1), 27-42 (2008).
D. D. Martin, S. Ladha, D. E. Ehrnhoefer, and M. R.
Hayden, Trends. Neurosci., 38(1), 26-35 (2015).

B. Khalil, N. El Fissi, A. Aouane, M. J. Cabirol-Pol, T.
Rival, and J. C. Lievens, Cell. Death Dis., 6, €1617
(2015).

J. Nah, J. Yuan, and Y. K. Jung, Mol. Cells., 38(5),
381-9 (2015).

M. Arrasate and S. Finkbeiner, Exp. Neurol., 238(1), 1-
11 (2012).

M. Renna, M. Jimenez-Sanchez, S. Sarkar, and D. C.
Rubinsztein, J. Biol. Chem., 285(15), 11061-7 (2010).

C. G Towers and A. Thorburn, EBioMedicine, 14, 15-
23 (2016).

Analytical Science & Technology




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


