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ABSTRACT 

Amylose, a mostly linear homopolymer of glucosyl units extracted from native starch granules, 

can form a large variety of so-called V-type host-guest complexes when cocrystallized with small 

hydrophobic molecules. Several allomorphs are known that contain 6-, 7- or 8-fold amylose single 

helices, the guest molecules being located in the helices, in-between, or both. The present report 

describes the crystal structure of model lamellar inclusion complexes prepared by crystallizing 

amylose from dilute aqueous solutions in the presence of three aromatic compounds, namely 

napth-1-ol, salicylic acid, and quinoline. By adequately selecting the crystallization conditions 

(amylose chain length, mixing and crystallization temperatures), each guest induced two 

allomorphs, characterized by transmission electron microscopy, X-ray and electron diffraction, 

and 13C CP/MAS solid-state NMR spectroscopy data. The three guests induced the formation of 

the tetragonal V8II allomorph, based on 8-fold amylose single helices, whereas three other 

allomorphs were identified for the first time: V7III (with napht-1-ol), V7IV (with quinoline), both 

based on orthorhombic unit cells containing 7-fold helices, and the monoclinic V8III (with salicylic 

acid). The results widen the family of known V-amylose allomorphs that may occur when starch 

is processed in the presence of various ingredients and additives. 
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1. INTRODUCTION 

Amylose is a mostly linear homopolymer of glucosyl units and one constituent of native starch 

granules.1 Linear amylose-like polymers can also be biosynthesized in vitro by amylose synthases 

such as amylosucrase2 or starch phosphorylase.3 A large variety of host-guest cocrystals can be 

prepared by crystallizing amylose in the presence of small hydrophobic molecules.4–7 Pure 

amylose forms 6-fold double-helices that assemble into two possible allomorphs, namely the 

monoclinic A-type and the hexagonal B-type. However, in the presence of a ligand, amylose 

adopts a single helical conformation.1 The resulting inclusion compounds are known under the 

generic name of "V-amylose". In these crystals, the guest molecules can be entrapped in the 

hydrophobic cavity of the amylose helices and/or between them.6,8 This property can be used, for 

instance, to develop ingredients for functional foods or encapsulate weakly soluble compounds and 

subsequently release them under controlled conditions.9–16 Determining the crystal structure of the 

complexes is thus crucial to understand such host-guest interaction. 

When crystallized from dilute aqueous solutions, amylose yields micrometer-sized but 8-10 

nm-thick lamellar single crystals.17–19 If the chain length is much longer than the typical thickness 

of a lamella, amylose folds at the surface like flexible synthetic polymers.20,21 The chain-folding 

is facilitated by a low-energy "band-flip" between two adjacent glucosyl moieties that enables an 

easy reversal of the molecular trajectory.22 The morphology and structure of the crystals depends 

on the type of guest as well as crystallization parameters like amylose and guest concentrations 

and temperature.1 

Several V-amylose allomorphs have been reported that can be distinguished by their X-ray 

diffraction (XRD) pattern recorded from powders,23,24 mats of sedimented crystals25–27 or stretched 

films.28–29 Transmission electron microscopy (TEM) has been a technique of choice to determine 

the habit of V-amylose lamellar crystals and simultaneously collect electron diffraction (ED) data. 

When the electron beam was oriented perpendicular to the crystal plane, i.e. parallel to the helical 

axis, the dimensions and symmetry of the unit cell was determined and helicities and helix 

packings proposed.17–19,24,30,31 In some cases, high-order ED data were also collected from crystals 

tilted about selected crystallographic axes.17,18,30,32 Considering the high beam sensitivity of V-

amylose crystals and the possibility that included guest molecules can be lost by evaporation in 

the microscope vacuum, care was taken to preserve the crystal structure during data collection. 

Therefore, the specimens were quench-frozen in liquid nitrogen before their insertion in the 

microscope and observed at cryo temperature under low dose illumination conditions.30,31 



 4 

So far, all proposed molecular models of V-amylose crystals have been based on antiparallel 

packings of left-handed single helices with 6, 7 or 8 glucosyl units per pitch.17,33–35 Since the helical 

pitch is about 0.80 nm regardless the number of glucosyl residues per turn, the diameter of the 

helices increases with increasing helicity, allowing to accommodate bulkier molecules. Each 

allomorph was named "Vxy", where "x" is an Arabic number that represents the helicity of amylose 

(6, 7 or 8) and subscript "y" is a Roman number (I, II, III, etc.). The V6I allomorph, also often 

referred to as Vh, has been reported for crystals prepared with primary alcohols17,29,36 linear fatty 

acids24,37 and some aliphatic diols.31 The crystals are hexagonal and the helices are close-packed 

into a hexagonal17 or pseudo-hexagonal29 unit cell. The guest is partly or totally included inside 

the helix cavity. The V6II structure has been proposed for complexes with butan-1-ol and pentan-1-

ol,30,38 as well as some fatty acids and diols.24,31 In this structure, the 6-fold helices contain guest 

molecules but are arranged in such a way that the interhelical space is large enough to 

accommodate ligands.38 A V6III structure has previously been inferred for Vpropan-2-ol complexes23 

but it was later demonstrated that the complex indeed contained 7-fold helices.35 Therefore, the 

V6III denomination should rather refer to the allomorph obtained by crystallizing amylose with 

DMSO39 or glycerol40 into square crystals with an orthorhombic unit cell and guests possibly 

located inside and between helices. 

Hexagonal Vborneol and Vcamphor crystals were described as containing close-packed 7-fold 

helices and, by analogy with the V6I / Vh structure, the allomorph was referred to as V7I.41 A V7II 

allomorph was characterized for complexes with propan-2-ol,26,35 thymol, carvacrol,42 menthone, 

fenchone, linalool,43 and terpineol,44 and it has recently been shown that Vibuprofen,33 and 

Vpentadecylphenol13 were isomorphous complexes. All lamellar crystals are rectangular and yield 

similar base-plane ED patterns with only minor variations in spot intensities. The guest would be 

included in the helices and in-between. Eight-fold helices were reported to occur in a small number 

of complexes prepared with bulkier guests, namely naphth-1ol,27,32,42 quinoline,42,44 and salicylic 

acid.45 Square crystals were observed in the case of Vnapht-1-ol and Vquinoline, the helices being 

organized into a tetragonal unit cell with ligands located inside them and in-between.32,44 Since the 

V8I name has already been proposed for the close-packing of 8-fold helices in complexes with 

salicylic acid,46,47 we will refer to the tetragonal structure as V8II in the following. 

In addition, drying the crystalline complexes under vacuum or washing them in methanol can 

also induce dehydration and/or desolvation effects that result in structural transitions. In particular, 

close-packed structures referred to as V6a, V7a, or V8a can form with unit cells slightly smaller 

than those of the V6I, V7I, or V8I counterparts.31,41 
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The general features of the main allomorphs described above according to the morphology of 

lamellar single crystals, diffraction data and assumed helicity, have been defined in the 1960's and 

1970's.25–27 Refinements and revisions have been proposed in more recent years30,32,35 and it has 

been shown that polymorphism, in terms of helicity and molecular packing, exists for given 

complexing agents.24,31 However, no new V-type allomorph has been recently observed and 

described. We have previously explored the polymorphism of V-amylose cocrystallized with 

linear saturated fatty acids24 and aliphatic diols.31 In these cases, V6I, V6II, V7I and V7II allomorphs 

were obtained with the same ligand by varying the crystallization parameters (amylose chain 

length, solvent composition, incubation temperature). In the present work, using complementary 

imaging, diffraction, and spectroscopy techniques, we have characterized the morphology, 

helicity, and crystal structure of highly crystalline lamellar V-amylose complexes prepared with 

bulkier aromatic compounds, namely napht-1-ol, salicylic acid and quinoline, known to induce the 

formation of larger 8-fold amylose helices.27,32,44,45 Based on our highly resolved structural data, 

we have shown that these guests also promoted the crystallization of different V-amylose 

allomorphs, three of which were identified and described for the first time. 

 
2. EXPERIMENTAL SECTION 

2.1. Materials 

Native potato amylose purchased from Sigma-Aldrich was purified as previously described.24 

Its chain length distribution was analyzed by size exclusion chromatography (SEC) with multi-

angle laser light scattering (MALLS) from a solution of amylose dissolved in lithium 

chloride / N,N-dimethyl acetamide (LiCl/DMAc) and the distribution of degree of polymerization 

(DP) of each fraction was determined by high-performance anion-exchange chromatography with 

pulsed amperometric detection (HPAEC-PAD).31 With a weight-average DP (!"#$$$$$) of 2514, the 

fraction of native amylose will be referred to as DP2500 in the following. Using the protocol 

described by Potocki-Veronese et al.,48 a linear amylose-like polymer was enzymatically 

synthesized in vitro from sucrose by the amylosucrase from Neisseria polysaccharea (with 

!"#$$$$$ = 86), and subsequently fractionated by preparative SEC.31 Fractions with !"#$$$$$ = 60, 80 and 

130 (referred to as DP60, DP80 and DP130) were selected for crystallization (Supporting 

information Figure S1). An amylose fraction with !"#$$$$$ = 192 (referred to as DP200), synthesized in 

vitro by a glycoside-phosphorylase, was purchased from Shoko Co. Ltd (Japan). The characteristics 

of all fractions are summarized in Table 1. Napht-1-ol (napthalen-1-ol), salicylic acid 

(2-hydroxybenzoic acid) and quinoline (1-benzopyridine) were purchased from Sigma-Aldrich 

(Scheme 1). They will be referred to as NAP1, SAL and QN, respectively, in the following. 
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Table 1. Molecular characteristics of the fractions used in this study. !"#$$$$$ is the weight-average 
degree of polymerization. %#$$$$$ and %&$$$$  are the weight- and number-average molecular weights, 
respectively.  

Fraction DP60 a DP80 a DP130 a DP200 b DP2500 c 
!"#$$$$$ 60 80 130 192 2514 

%#$$$$$ (g mol-1) 9738 12816 21078 31200 d 407268 
%#$$$$$
%&$$$$ 1.05 1.07 1.07 1.01 d 2.70 

a synthesized in vitro by the amylosucrase from N. polysaccharea.48 
b synthesized in vitro by a glucoside-phosphorylase.3 
c native potato amylose.33.         d values provided by the manufacturer. 

 

 

Scheme 1. Chemical structure of amylose (A), napht-1-ol (B), salicylic 
acid (C) and quinoline (D), drawn with MarvinSketch.49 

 

2.2. Crystallization protocols 

Aqueous amylose dispersions (10 mL at 0.1 wt%) of DP60, DP80, DP130, DP200, and 

DP2500 fractions were submitted to nitrogen bubbling for 20 min, then autoclaved in an oil bath 

at 160 °C for 30 min and cooled down to 60–90 °C before the addition of the complexing agent. 

For each of the three ligands, specific preparation conditions were used, which are described in 

the following. 

2.2.1. Napht-1ol (NAP1) 

An excess amount of NAP1 powder (10 mg) was added to the amylose solutions at 60, 70 or 

90 °C. The mixtures were kept for 1 h at this temperature, then allowed to cool down to room 

temperature. The crystallization gradually occurred upon cooling and was complete after one day. 

The crystals were washed by successive sedimentation in water saturated with NAP1, and stored 

in this mother liquor in a tightly closed vial, in the dark, at room temperature. 
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2.2.2. Salicylic acid (SAL) 

An excess amount of SAL powder (10 mg) was added to the amylose solutions at 75 °C and the 

mixture was incubated for 1 week at 25, 40, 60 or 75 °C. The crystals were washed by successive 

sedimentation in water saturated with SAL and kept in this mother liquor at room temperature.  

2.2.3. Quinoline (QN) 

An excess amount of preheated liquid QN (0.25-3 mL) and 10-30 vol% DMSO were added 

to the amylose solutions at 75 °C. The mixtures were incubated for 2 weeks at 25, 40, 60 or 75 °C. 

Since QN is denser than water (r = 1.093 g cm-3), the excess lay at the bottom of the vial. The 

crystals slowly sedimented on top of the excess QN which was then removed by pipetting. The 

crystals were washed three times by sedimentation in water saturated with QN and kept in this 

mother liquor at room temperature. 

2.3. X-ray diffraction (XRD) 

The crystal suspensions were centrifuged and the wet pellets were deposited on a 7-µm nylon 

bolting cloth, desorbed over a salt-saturated aqueous solution yielding a 95% relative humidity 

(R.H.). Strips of the resulting films were inserted into 1 mm (outer diameter) glass capillaries 

which were immediately flame-sealed.  

2.3.1. Laboratory analyses 

The specimens were X-rayed in transmission with a Ni-filtered CuKα radiation (λ = 0.1542 

nm) in a Warhus vacuum camera mounted on a Philips PW3830 generator operating at 30 kV and 

20 mA. Two-dimensional diagrams were recorded on Fujifilm image plates during 2 h and read 

with a Fujifilm BAS 1800-II bioimaging analyzer. Diffraction profiles were calculated by radially 

averaging the ring patterns. The data were calibrated using a calcite (CaCO3) standard and the unit 

cell parameters were refined with the CelRef module of the LMGP package.50 

2.3.2. Synchrotron X-ray diffraction analyses 

The WOS silicon pixel detector (imXPAD, France) was placed at a distance of 0.14 m from 

the sample to cover a q-range from 0.6 to 4.0 Å-1. Scattering patterns were collected during 50-s 

exposures, with a beam energy of 18 keV (λ = 0.0689 nm). Diffraction profiles were calculated by 

radially averaging the ring patterns. The data were calibrated using a chromium oxide (Cr2O3) 

standard and the unit cell parameters were refined with the CelRef module of the LMGP package.50 

2.4. Transmission electron microscopy (TEM) and electron diffraction (ED) 

Drops of dilute crystal suspensions were deposited onto glow-discharged carbon-coated grids 

and allowed to dry. The specimens were observed under low dose illumination with a Thermo 
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Scientific Philips CM200 'Cryo' microscope operating at 200 kV. For electron diffraction, the 

specimens were mounted in a Gatan 626 holder, quench-frozen in liquid nitrogen, introduced in 

the microscope and observed a low temperature (-180 °C). Images and ED patterns were recorded 

with a TVIPS TemCam F216 digital camera. In the following, "base-plane ED patterns" will refer 

to patterns recorded along the [001] c-axis of the crystal structure, i.e., perpendicular to the (a,b) 

plane of the lamellae and parallel to the axis of the amylose helices. The diffraction patterns were 

calibrated using a gold-coated carbon film standard and the unit cell parameters were refined using 

a least-squares regression method. 

2.5. 13C CP/MAS NMR spectroscopy 

Crystal suspensions were centrifuged. The excess liquid was blotted off and the hydrated pellets 

were packed into zirconia rotors. Solid-state 13C NMR spectra were recorded with a Bruker Avance 

III 400 MHz spectrometer (13C frequency of 100.6 MHz) using magic angle spinning (MAS) and 

cross-polarization (CP). The spinning speed was set at 12 kHz, with a sweep width of 29761 Hz and 

a recycle delay of 2 s. Each spectrum was averaged over about 6000 scans. The 13C chemical shifts 

were calibrated with respect to the resonance of the glycine carboxyl group (176.03 ppm). 

2.6. Molecular modeling 

Stereoregular left-handed 7- and 8-fold amylose helices with a pitch of 0.80 nm were generated 

from an α-D-glucosyl residue in the 4C1 chair shape as described elsewhere35 and energy-minimized 

using the Universal Force Field51 in the Forcite module of Biovia Materials Studio 5.5.52 The 

helices were introduced into the unit cell with parameters and space group determined from the 

ED and XRD data. All models were visualized and drawn using the Mercury software.53 

 

3. RESULTS AND DISCUSSION 

3.1. Morphology and structure of individual allomorphs 

For each of the three tested guests, crystalline complexes corresponding to two different 

allomorphs were obtained, depending on the formulation or crystallization parameters (amylose 

DP, solvent, mixing or incubation temperature). These allomorphs were readily distinguished by 

the morphology of the lamellar crystals observed by TEM and by the crystal structure determined 

from base-plane ED and XRD patterns. 

3.1.1. The tetragonal V8II form 

The three guests induced the formation of square crystals (Figure 1A,D,G) exhibiting similar 

base-plane ED (Figure 1B,E,H) and XRD (Figures 1C,F,I and S2A,B) patterns. Some variation 
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in diffraction intensities was observed (Figure 4), likely due to differences in crystal thickness, 

crystallinity degree of the complex or preferential orientation of the lamellae in the solvated 

specimens prepared for XRD analysis. In particular, a reflection at q = 3.8 nm-1 can be seen in the 

XRD pattern (Figure 1C,F,I) and profile (Figure S3A-C) of VSAL crystals that is absent from those 

of VNAP1 and VQN (Figure S4). The VQN complex was less crystalline, with many extinct ED spots, 

and each reflection exhibited streaks parallel to the main crystallographic layer lines, which suggests 

the presence of numerous defects such as stacking faults. An XRD ring at a lower angle (q » 0.41 

nm-1) in the VQN XRD pattern (Figure S4C) likely corresponds to the average thickness of individual 

crystals packed upon film formation, i.e. 15.3 nm, consistent with the multiple chain-folding of 

DP2500 amylose. No such ring was observed for the VNAP1 and VSAL specimens, suggesting that 

the X-ray beam was perpendicular to the crystal mat, hence parallel to the helix axis. 

The tetragonal unit cell parameters calculated as an average of the parameters of the three 

complexes determined from the XRD profiles were a = b = 2.311 ± 0.001 nm and c = 0.790 ± 0.001 

nm (Tables 2, S1 and S2), in good agreement with the values previously reported from VNAP1 

complexes.32 Yamashita and Monobe27 and Helbert42 proposed a tetragonal packing of 8-fold 

helices, which was validated by Cardoso et al. from high-resolution lattice images of lamellar single 

crystals.32 A model of The V8II structure with space group is P43212 is shown in Figure 6C. Helbert 

calculated a and b unit cell parameters of VQN crystals that were twice as large as those of VNAP1 

crystals.42 However, Putaux et al. recorded a VQN ED pattern identical to that of VNAP1 crystals and 

concluded that the parameters were the same,54 as was confirmed by our present results. Although 

it has been suggested that 8-fold amylose helices occurred in complexes with salicylic acid45 and 

salicylic acid analogues,46 to our knowledge, it is the first time that the tetragonal allomorph has 

been unambiguously identified for VSAL from crystallographic data. 

3.1.2. The new allomorphs 

3.1.2.1. New Allomorph of Vnapht-1-ol 

The crystals consist of stacks of several lamellae with a rhombohedral habit and an average 

acute angle of about 64° (Figure 2A,B). The crystals likely developed via epitaxial growth of new 

lamellae rather than a dislocation-centered spiral growth mechanism. Twinned structures at an angle 

of about 64° were also often observed (Figure 2C). The average thickness of the lamellae prepared 

with DP2500 amylose, deduced from the low-angle XRD ring (Figure S5A) was 10.3 nm (q » 0.61 

nm-1). The ED pattern of the crystals shown in Figure 3A can be indexed along a rectangular unit 

cell with a = 1.66 ± 0.01 nm and b = 2.50 ± 0.01 nm, in agreement with the values calculated from 

the XRD profile (a = 1.663 ± 0.001 nm, b = 2.518 ± 0.001 nm and c = 0.856 ± 0.001 nm) (Tables 2,  
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Figure 1. TEM images (A,D,G), base-plane ED patterns (B,E,H) and XRD diagrams (C,F,I) of V-
amylose crystals corresponding to the V8II  allomorph: (A–C) VNAP1 (DP130, mixing at 75 °C, no 
incubation time); (D–F) VSAL (DP60, incubation at 40 °C); (G–I) VQN (DP2500, incubation at 
40 °C, 30 vol% DMSO). The ED patterns were recorded at low temperature from frozen-solvated 
crystals. For clarity, the XRD patterns are those recorded with the laboratory set-up. The composite 
patterns collected at ESRF are shown in Supporting Information Figure S5. 
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Figure 2. TEM images showing the typical morphology of lamellar crystal assemblies of V-type 
complexes corresponding to new allomorphs: (A–C) VNAP1 (V7III – DP2500, mixing at 75 °C); (D) 
VSAL (V8III – DP200, incubation at 60 °C); (E) VQN (V7IV – DP80, no DMSO, incubation at 25 °C); 
(F) VQN (V7IV – DP130, no DMSO, incubation at 25 °C). 
 

 

S1 and S3). The c-parameter is slightly larger than that of other known V-type allomorphs that 

generally varies between 0.79and 0.83 nm.17,18,32,40 In addition, only h00, 0k0, and 00l reflections 

with even indices were observed, suggesting that the unit cell is orthorhombic with space group 

P212121. The a-parameter corresponds to the center-to-center distance between neighboring 8-fold 

helices in the V8II unit cell described in section 3.1.1 and Figure 6C. It is thus the external diameter 

of 8-fold helices. A pseudo-hexagonal orthorhombic packing would have b = a√3 = 2.880 nm that 

is 14% larger than the experimental 2.518 nm. Therefore, the helices would be significantly 

compressed along the b-axis, generating unlikely molecular contacts. This new VNAP1 allomorph 

would rather contain 7-fold helices (1.50 nm in diameter26,35,41,55) in a compact arrangement or 6-fold 

helices (1.37 nm in diameter17,25) with a looser packing. Figure 6A shows a possible close packing 

of 7-fold helices in the unit cell with space group P212121. The unit cell contains two amylose 
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helices and NAP1 guests can be located inside the helices but not in-between. From this 

geometrical analysis only, it is not possible to unambiguously conclude whether the complexes 

contain 6- or 7-fold helices. However, additional information on the helicity will be provided by 

the solid-state NMR data presented in section 3.2.  

 
 

 
 

Figure 3. TEM images (A,D,G), base-plane ED patterns (B,E,H) and XRD diagrams (C,F,I) of V-
amylose crystals corresponding to new allomorphs: (A–C) VNAP1 (V7III – DP2500, mixing at 
75 °C); (D–F) VSAL (V8III – DP200, incubation at 60 °C); (G–I) VQN (V7IV – DP80, no DMSO, 
incubation at 25 °C). The ED patterns were recorded at low temperature from frozen-solvated 
crystals. For clarity, the XRD patterns are those recorded with the laboratory set-up. The composite 
patterns collected at ESRF are shown in Supporting Information Figure S5.  
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Figure 4. XRD profiles of the solvated V-type complexes resulting from the cocrystallization of 
amylose with napht-1ol (NAP1), salicylic acid (SAL) and quinoline (QN) calculated as radial 
averages of the 2D patterns shown in Supporting Information Figure S5: (A) VNAP1 (V8II – DP80, 
mixing at 60 °C for 30 min), (B) VSAL (V8II – DP60, incubation at 25 °C), (C) VQN (V8II – DP2500, 
30 vol% DMSO, incubation at 40 °C), (D) VNAP1 (V7III – DP2500, mixing at 75 °C), (E) VSAL (V8III 
– DP2500, incubation at 60 °C), (F) VQN (V7IV – DP80, no DMSO, incubation at 25 °C). Profiles 
A, B and D– E were calculated from ESRF data, while profile C is from the laboratory data. 
 

3.1.2.2. New allomorph of Vsalicylic acid 

Figures 2D and 3D show TEM images of typical crystals of the new form of VSAL. The 

crystals consist of stacks of many lamellae with both epitaxial and dislocation-centered spiral 

growths. The shape of individual lamellae cannot be defined with precision. The crystals generally 

exhibit a broadly hexagonal shape that is close to those of V-type complexes with linear fatty acids 

in the V6I form,24 some diols (V6I form),31 and (–)-borneol (V7I form).41 The average thickness of 

the lamellae prepared with DP2500 amylose is 12.5 nm (q » 0.50 nm-1) (Figure S5B). A typical 

base-plane ED pattern recorded from one frozen-solvated lamella of VSAL is shown in Figure 3E. 

This pattern shows a centrosymmetry ()*+, = )*.+$, ̅) but there is no mirror plane. The base-plane ED 

pattern can be indexed along a unit cell with parameters a = 3.21 ± 0.01 nm, b = 3.23 ± 0.01 nm, 

and γ = 116.9 ± 0.3°. These parameters agree with those calculated from the XRD profile (Figure 

3F, Tables 2, S1 and S2): a = 3.245 ± 0.006 nm, b = 3.246 ± 0.005 nm, c = 0.793 ± 0.001 and 

γ = 116.62 ± 0.13°. Since there is no systematic absence based on the h and k indices, the space 

group would be P2 or P21. Assuming a close packing, the center-to-center distance of helices would 

be 1.62 nm consistent with 8-fold helices.27,32 Therefore, 6-, 7- or 8-fold helices would fit into the 
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unit cell. A tentative geometrical model with a close packing of 8-fold helices and a P21 symmetry 

is shown in Figure 6D. Each monoclinic unit cell contains four amylose helices. Salicylic acid would 

be located inside the helical cavity but not in-between. Additional details on the helical conformation 

were given by CP/MAS solid-state NMR (section 3.2). 

 

3.1.2.3. New allomorph of Vquinoline 

The crystals of a new form of VQN prepared from the DP80 fraction exhibit a truncated 

rhombohedral habit with an average obtuse angle of about 116° and consist of several 

superimposed smaller lamellae in epitaxial orientation (Figures 2E and 3G). The crystals prepared 

with longer amylose chains, such as those prepared with DP130 amylose (Figure 2F), were usually 

stacks of lamellae with a more or less hexagonal shape that recalls that of V-type complexes with 

linear fatty acids (V6I form),24 some diols (V6I form),31 and (–)-borneol (V7I form).41 The average 

lamellar thickness could not be determined since no low-angle ring was detected in the XRD 

pattern of crystals prepared from DP130 amylose (Figure S5C). Typical ED and XRD patterns 

recorded from frozen-solvated crystals are shown in Figure 3H and 3I, respectively. The ED 

pattern can be indexed on the basis of a rectangular unit cell with parameters a = 2.67 ± 0.01 nm 

and b = 3.23 ± 0.01 nm, in agreement with those calculated from XRD data (a = 2.702 ± 0.001 

nm, b = 3.291 ± 0.001 nm and c = 0.786 ± 0.001 nm - Tables 2, S1 and S3). In addition, the h00, 

0k0 and 00l reflections are absent when h, k or l is odd, suggesting an orthorhombic unit cell with 

P212121 space group. Assuming a compact packing, the helix diameter would be 1.56 nm, which 

is smaller than the diameter of an 8-fold helix but larger than that of 6- or 7-fold helices. Therefore, 

the complexes could contain 6- or 7-fold helices. A geometrical model based on the packing of 

stereoregular 7-fold helices is shown in Figure 6A. Each unit cell contains four amylose helices. 

Quinoline would only be located inside the helical cavity. Additional details on the helical 

conformation were given by CP/MAS solid-state NMR (section 3.2). 

 

3.2. 13C CP/MAS NMR spectroscopy 

Typical 13C CP/MAS NMR spectra of the solvated V-amylose complexes are shown in 

Figure 5. The resolved resonances in the carbohydrate region (55–100 ppm) can be assigned to the 

carbons of the glucosyl units of the amylose chains. A weak peak at 100.3 ppm was also observed 

in some spectra, corresponding to the C1 resonance of B-type amylose, likely corresponding to a 

small fraction of recrystallized uncomplexed amylose.56,57 Peaks corresponding to traces of excess 

ligands can be seen in the 110–180 ppm region. In particular, the contributions of the aromatic 

carbons in the three guests appear in the 123–143 ppm region. 
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Previous CP/MAS NMR studies of crystalline V-amylose complexes revealed that the C1 

chemical shift was correlated with the torsion angle ϕ (O5–C1–O1–C4) around the glucosidic 

linkages (Scheme S1).56,58,59 It was thus suggested that the position of carbon C1 resonance was 

characteristic of the number of glucosyl units per turn in the amylose helix.56,58 In the present study, 

the helicity of V-amylose in the allomorphs was thus determined based on the position of the C1 

peak. The complexes with NAP1, QN and SAL corresponding to square crystals had C1 

resonances located at 103.9, 104.4 and 103.9 ppm, respectively (Figure 5A-C). Since VNAP1 has 

previously been shown to contain 8-fold helices,32 we assumed that isomorphous VQN and VSAL 

did as well. The C1 resonance of the new VSAL allomorph, located at 103.9 ppm, also suggests a 

V8 helicity (Figure 5D). The C1 resonance of the new VQN allomorph is located at 103.5 ppm 

(Figure 5E). This value is close to that of Vibuprofen (103.4 ppm),33 Vpropan-2-ol (103.3 ppm),33,58 

Vmenthone and Vlinalool (103.3–103.4 ppm).58,60,61 Although these complexes have different crystal 

structures, they were all assumed to contain V7 helices, which would thus be the case for the new 

VQN allomorph. The C1 resonance region of the new form of VNAP1 is more complex. It is a 

multiplet with three main peaks located at 98.6, 103.4 and 105.9 ppm (Figure 5F). None of these 

peaks corresponded to those of excess solid NAP1. The splitting of the resonance reflects the 

presence of inequivalent environments within the material.56,57 Therefore, we assumed that the 

single helices in VNAP1 were less symmetrical than those in other allomorphs and contained several 

asymmetric glucose units. However, the strongest C1 signal at 103.4 ppm suggests that the new 

allomorph of VNAP1 contains 7-fold amylose helices. Overall, the helical conformation determined 

from the C1 resonance is in good agreement with that predicted on the basis of geometrical models 

of close-packed helices and helix diameter deduced from diffraction data. 

 

3.3. Nomenclature 

The analysis of the crystallographic and spectroscopic data allowed identifying three new V-

type allomorphs prepared by co-crystallizing amylose with NAP1, SAL and QN, respectively. As 

a consequence, three new names must be added to the list of already known crystal forms. Using 

the naming system that was described in the introduction, the new VNAP1, VQN and VSAL allomorphs 

will be referred to as V7III, V7IV and V8III, respectively, in the following (Table 2). It must be 

noted that, although it was supported by solid-state NMR data, the helical conformation in V7III 

and V7IV could not be unambiguously determined from the crystallographic data. The proposed 

nomenclature thus reflects the present state of knowledge and may be revised in the future after 

new datasets have been collected. 
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Figure 5. 13C CP/MAS solid-state NMR spectra of the solvated V-type complexes that resulted 
from the cocrystallization of amylose with napht-1-ol (NAP1), quinoline (QN), and salicylic acid 
(SAL): (A) VNAP1 (V8II – DP80, mixing at 60 °C); (B) VQN (V8II – DP2500, 30 vol% DMSO, 
incubation at 40 °C); (C) VSAL (V8II – DP60, incubation at 25 °C); (D) VSAL (V8III – DP2500, 
incubation at 60 °C); (E) VQN (V7IV – DP2500, no DMSO, incubation at 25 °C); (F) VNAP1 (V7III 
– DP2500, mixing at 75 °C). The contributions of carbons C1 from the glucosyl units of amylose 
have been enlarged on the right. The gray bars highlight the two groups of C1 positions for V7 
and V8 structures. The resonances indicated by * correspond to residual fractions of B-type 
amylose.  
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Figure 6. Geometrical molecular models of the four allomorphs of V-amylose considered in this 
study: (A) V7III (NAP1) based on 7-fold helices (orthorhombic unit cell with space group P212121); 
(B) V7IV (QN) based on 7-fold helices (orthorhombic unit cell with space group P212121); 
(C) V8II (NAP1, SAL, QN) based on 8-fold helices (tetragonal unit cell with P43212 space group; (D) 
V8III (SAL) based on 8-fold helices (monoclinic unit cell with space group P21). In these base-plane 
projections in the (a,b) plane of the unit cells, only the amylose helices have been drawn. Hydrogen 
atoms have been omitted for clarity. The helices are stereoregular and the conformation of the 
hydroxymethyl groups has been fixed as gg in all cases for simplicity. In all cases, the guests can 
be included in the cavity of the 7- or 8-fold helices. The blue disk in (C) marks an interhelical 
cavity large enough to host guests. The unit cells have been superimposed on the models. 
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Table 2. Symmetry and unit cell parameters of V-amylose allomorphs determined from XRD data. "n.d.": not determined. 

 
 

Allomorph Ligand Space group Crystal system 
Unit cell parameters  Number of helices 

per unit cell a (nm) b (nm) c (nm) RMSE d 

V7III a Napht-1-ol P212121 Orthorhombic b 1.663 ± 0.001 2.518 ± 0.001 0.856 ± 0.001 0.009 2 

V7IV a Quinoline P212121 Orthorhombic b 2.702 ± 0.001 3.291 ± 0.001 0.786 ± 0.001 0.019 4 

V8II Napht-1-ol P43212 Tetragonal b 2.313 ± 0.006 2.313 ± 0.006 0.790 ± 0.001 0.015 2 

V8II Salicylic acid P43212 Tetragonal b  2.306 ± 0.002  2.306 ± 0.002 0.789 ± 0.001 0.014 2 

V8II Quinoline P43212 Tetragonal b 2.314 ± 0.003 2.314 ± 0.003 n. d. 0.021 2 

V8III a Salicylic acid P21 Monoclinic c 3.245 ± 0.006 3.246 ± 0.005 0.793 ± 0.001 0.028 4 

a new allomorph 
b α = β = γ = 90° 
c γ = 116.62 ± 0.13° 

d root-mean-square error =!∑ (2%&'(−2%*+,)2
./01,0*23&4(
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3.4. Influence of the crystallization conditions on the mixture of allomorphs 

3.4.1. Vnapht-1-ol 

The formation of the V7III and V8II allomorphs (Figures 2 and 3) depended on the DP of 

amylose and mixing temperature (Table 3 and Figure S6). DP60 and DP80 amylose only 

yielded V8II while DP130 amylose produced a mixture of V8II and V7III in which V8II was the 

major form for all mixing temperatures. For longer amylose (DP200 and DP2500), V8II and 

V7III also concomitantly crystallized but the major form depended on the mixing temperature. 

V8II was the major form if the mixing temperature was 90 °C while at lower temperatures, V7III 

was the main allomorph. In previous studies, potato amylose27,42 and DP100 synthetic 

amylose32 were mixed with NAP1 at 95 °C. All resulting VNAP1 crystals corresponded to the 

V8II allomorph, which is consistent with our observations. 

Previous studies have shown that a minimum DP was required for the formation of 

crystalline V-amylose (about DP 20-40).62,63 However, this is the first time that a polymorphism 

that depends on the DP of amylose (both helical conformation and molecular packing in the 

case of VNAP1) is reported. The reason for this effect of DP of amylose is still unclear. Besides, 

our results show that while the crystallization of VNAP1 occurred on cooling down to room 

temperature, the helical conformation and crystal structure depended on the mixing 

temperature. As previously mentioned by Yamashita et al.,27 the dependence of the crystal 

structure on the mixing temperature rather than the incubation temperature suggests that the 

association of the random-coil amylose chains with NAP1 into helical complexes occurs at high 

temperature. The helical conformation of amylose would be decided in this critical step and 

would not vary upon cooling and crystallization. Previous studies also showed that a high 

mixing temperature was critical for the formation of crystalline V-amylose24 and that the helical 

conformation depended on this temperature.24,31 

 

Table 3. Allomorph of the VNAP1 crystals as a function of the degree of polymerization of 
amylose (!"#$$$$$) and temperature at which napht-1-ol was added to the hot amylose solution 
(mixing time: 30 min). The crystals were formed upon cooling down to room temperature. For 
mixtures, the major and minor allomorphs are indicated.  
 

!"#$$$$$ 
Mixing temperature (°C) 

60 75 90 

60 and 80 V8II  V8II  V8II  

130 V8II > V7III V8II > V7III V8II > V7III 

200 and 2500 V7III > V8II V7III > V8II V8II > V7III 
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3.4.2. Vsalicylic acid 

The crystallization of amylose with different DPs was conducted in dilute solution at 

different incubation temperatures. Two crystalline allomorphs were identified, namely and V8II 

and V8III (Figures 2 and 3). Kuge and Takeo previously reported that SAL did not form 

complexes with amylose in solution.64 Later, Oguchi et al. prepared complexes with SAL using 

the sealed-heating method and obtained two crystal types that, according to the authors, would 

contain 7- and 8-fold amylose helices, respectively.45 The V7 complex gave a powder XRD 

profile that is similar to that of the dry form of V7I, i.e. V7a, while the V8 complex yielded an 

XRD profile similar to that of V8III.45 Uchino et al.46 and Guo et al.47 also prepared VSAL 

complexes using the sealed-heating method but they obtained a crystalline powder with a V8I 

structure.47 Therefore, the present article is the first report on lamellar crystals of VSAL prepared 

by crystallization from dilute solutions. In addition, while our results showed that VSAL exhibits 

polymorphism, no V7 complex was identified. Although the selected crystallization conditions 

might have not favored the formation of 7-fold helices hosting SAL molecules, the occurrence 

of a V7 structure for VSAL under different crystallization conditions cannot be excluded.  

 

Table 4. Allomorph of the VSAL crystals as a function of the average degree of polymerization 
(!"#$$$$$) of amylose and incubation temperature. "-" means that no crystallization was observed 
after one week and the solution remained clear. For mixtures, the major and minor allomorphs 
are indicated. 

!"#$$$$$ 
Incubation temperature (°C) 

25 40 60 75 

60 V8II V8II - - 
130 V8II V8III > V8II V8III - 

200 V8III > V8II V8III > V8II V8III - 
2500 V8III > V8II V8III > V8II V8III V8III 

 

 

Table 4 and Figure S7 summarize the allomorphic type of VSAL as a function of the 

crystallization conditions. V8III was favored with the longer amylose chains and a higher 

crystallization temperature. In terms of packing arrangement of amylose helices, V8III is more 

compact than V8II. Therefore, the crystallization behavior of VSAL also supports the fact that 

higher crystallization temperatures favor more compact structures.24 Moreover, VSAL behaved 

like VNAP1 regarding the preferred formation of the V8II allomorph with shorter amylose chains, 

although both VSAL allomorphs consisted of 8-fold helices while those of VNAP1 had different 

helical conformations (7- and 8-fold).  
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3.4.3. Vquinoline 

The VQN complexes were prepared using different fractions of amylose at different 

temperatures and solvent composition (water of DMSO / water mixtures). The crystallization 

always resulted in a mixture of V7IV and V8II allomorphs (Figures 2 and 3) but their proportion 

depended on the crystallization conditions (Table 5 and Figure S8). Unlike for VNAP1, the crystal 

structure of VQN did not depend on the DP of amylose which only affected the morphology of the 

crystals (Figure 2E,F). In contrast, the DMSO concentration and incubation temperature were 

decisive in the formation of the different allomorphs. V8II was generally preferred at higher 

concentrations of DMSO and higher crystallization temperatures. As shown in Table 5 and Figure 

S8, the crystallization at 25 °C or in the presence of ≤ 10 vol% DMSO mainly resulted in the 

formation of V7IV while V8II was the major form only in the presence of ≥ 15 vol% DMSO at 

40–50 °C. Helbert previously prepared VQN crystals by slowly cooling down the crystallization 

mixture from 90 °C to room temperature and noted that the presence of 15 vol% DMSO resulted 

in the formation V8II, while V6I formed in the absence of DMSO.42 This work did not clearly 

mention on which data the identification was based (morphology or ED / XRD diffraction 

data). It is possible that the V7IV crystals were incorrectly identified as V6I since their 

hexagonal-like shape was very similar.17 DMSO would increase the solubility of both amylose 

and the complexing agent, and thus increase the concentration of complexing agent in solution. 

In addition, DMSO is known to affect the conformation of amylose in solution.65–68 The 

observed polymorphism would thus be explained by the effect of the solvent composition on 

the crystal structure. Considering that DMSO has been used in many studies to easily solubilize 

amylose without resorting to a high-temperature heating, the role of DMSO in the 

crystallization of V-type complexes certainly needs clarification.  

 

Table 5. Allomorph of the VQN crystals prepared with DP2500 amylose at different incubation 
temperatures and DMSO concentrations. "-" means that no crystallization was observed after 
one week and the solution remained clear. For mixtures, the major and minor allomorphs are 
indicated. 
 

DMSO (vol%) 
Incubation temperature (°C) 

25 40 50 60 

0 V7IV >> V8II V7IV >> V8II - - 

10 V7IV >> V8II V7IV >> V8II - - 

15 V7IV > V8II V8II > V7IV V8II > V7IV - 

25 V7IV > V8II V8II > V7IV V8II > V7IV - 

30 V7IV > V8II V8II > V7IV V8II > V7IV - 
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4. CONCLUSION 

Our results confirmed what was previously observed for V-amylose complexes with linear 

fatty acids,24 aliphatic diols31 and some bicyclic compounds:41 some complexing agents can 

promote the formation of different amylose single helices (in the present case, 7- and 8-fold 

helices) and allomorphs, depending on specific molecular or crystallization parameters. For 

NAP1, the crystal structure depended on the DP of amylose and mixing temperature while for 

SAL, it was the DP of amylose and incubation temperature, and for QN, the concentration of 

added DMSO and incubation temperature. Work is in progress to identify the origin of this 

polymorphism (in helicity and helix distribution) for a given complexing agent in terms of 

solubility of amylose and guests. 

By combining crystallography and spectroscopy analyses, three V-amylose allomorphs 

have been identified for the first time, increasing the number of known V-amylose crystal 

forms. So far, each of these new allomorphs has been identified for only one type of guest. 

Geometrical models have been proposed based on crystal morphology and symmetry 

considerations. In all V-amylose models, left-handed helices are arranged as antiparallel pairs, 

consistent with the concept of chain-folding. For V7III, V7IV and V8III, the proposed arrangements 

of amylose helices are compact and the complexing agents would only be located inside the 

helices. In contrast, there is more interstitial space in V8II to accommodate guest molecules, 

which is also the case for V7II.33,35 

Despite their close-packing, the helix organization in V7III and V7IV slightly deviates from 

the pseudo-hexagonal structure that was reported for V7I (Figure S9),24,41 as is also the case 

for V8III compared to V8I. The origin of these deviations cannot be identified from the tentative 

geometrical models drawn using stereoregular helices. Except in the case of V8II, the 

interhelical spaces in all other allomorphs are too small to accommodate guests apart from water 

molecules. The helices possibly adopt a more elliptical cross-section due to the anisometry of 

the ligands. Further modeling work combining packing energy analyses and structural 

refinements against diffraction intensities, like the approach used by Nishiyama et al.35 and Le 

et al.38 to solve the structure of Vpropan-2-ol and Vbutan-1-ol complexes, respectively, will be carried 

out to confirm the helicity and conformation of amylose, as well as the helix distribution in the 

new allomorphs.  

Over the course of their processing for food applications, starch matrices, and more 

particularly their amylose fraction, are likely to interact with various ingredients and additives. 

Depending on the nature of these molecules and the processing parameters (concentration, 

water content, temperature), the formation of crystalline V-type complexes may thus occur and 

impact specific properties of the products such as their texture, susceptibility to pH conditions, 
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or enzymatic resistance. In the health industry, for instance, in nutraceutical or vectorization 

applications, amylose can be used to entrap weakly soluble guests whose release can be 

modulated in controlled conditions. Therefore, the unambiguous identification of the structural 

signatures of each V-type allomorph and the determination of molecular models from 

crystallographic data are important to understand the host-guest interaction. In this work, we 

have described three new members of the rich V-amylose family but other allomorphs will 

likely be identified as more guests are tested and crystallization conditions explored. 
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Supporting Information 
 

 

 

 

 
 

Figure S1. HPAEC chromatograms of the total amylose fraction (DP86) synthesized in vitro 
by amylosucrase and 3 fractions (DP60, DP80 and DP130) obtained by fractionation of DP86. 
The characteristics of each fraction are given in Table 1 of the main manuscript. The method 
has been described in Le et al. (2021) and Potocki-Veronese et al. (2005). 
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(A) VNAP1 – V8II 

 
 

(B) VSAL – V8II 

 
 

(C) VNAP1 – V7III 

 
 

Figure S5. Continued next page. 
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(D) VSAL – V8III 

 
 

(E) VQN – V7IV 

 
 

 

Figure S2. Synchrotron XRD patterns of hydrated samples of the V-type allomorphs prepared 
by crystallizing amylose in the presence of napht-1-ol (NAP1), salicylic acid (SAL) and 
quinoline (QN): (A) VNAP1 (V8II – DP80, mixing at 60 °C for 30 min), (B) VSAL (V8II – DP60, 
25 °C), (C) VNAP1 (V7III – DP2500, mixing at 75°C for 30 min), (D) VSAL (V8III – DP2500, 
60 °C), (E) VQN (V7IV – DP80, no DMSO, 25 °C). 
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Table S1. Unit cell parameters of V-amylose allomorphs determined from XRD data collected at ESRF. "n.d.": not determined. 

 
 

Allomorph Ligand Space group Crystal system 
Unit cell parameters  Number of helices 

per unit cell a (nm) b (nm) c (nm) RMSE d 

V7III a Napht-1-ol P212121 Orthorhombic b 1.653 2.492 n. d. 0.034 2 

V7IV a Quinoline P212121 Orthorhombic b 2.694 3.285 0.784 0.038 4 

V8II Napht-1-ol P43212 Tetragonal b 2.312 2.312 0.788 0.016 2 

V8II Salicylic acid P43212 Tetragonal b 2.294 2.294 0.787 0.028 2 

V8II Quinoline P43212 Tetragonal b n. d. n. d. n. d. n. d. - 

V8III a Salicylic acid P21 Monoclinic c 3.242 3.248 n. d. 0.023 4 

a new allomorph 
b α = β = γ = 90° 
c γ = 116.72 ± 0.28° 

d root-mean-square error =!∑(2%&'(−2%*+,)2
./01,0*23&4(
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Figure S3. XRD profiles (laboratory set-up) of the V-type hydrated complexes resulting from 
the cocrystallization of amylose with napht-1ol (A,D), salicylic acid (B,E) and quinoline (C,F) 
calculated as radial averages of the 2D patterns shown in Figures 1 and 3: (A) VNAP1 
(V8II – DP80, mixing at 60 °C for 30 min), (B) VSAL (V8II – DP60, 25 °C), (C) VQN 
(V8II – DP2500, 30 vol% DMSO, 40 °C), (D) VNAP1 (V7III – DP2500, mixing at 75 °C), (E) VSAL 
(V8III – DP200, 60 °C), (F) VQN (V7IV – DP80, no DMSO, 25 °C). 
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Figure S4. Comparison of the low-angle XRD powder patterns (laboratory set-up) of hydrated 
V8II complexes prepared by crystallizing amylose in the presence of napht-1-ol (A – DP130), 
salicylic acid (B – DP80) and quinoline (C – DP2500), focusing on a 2q region extending to 
2q = 9°. By comparison with the patterns shown in Figure 2C,F,I, the sample-to-detector 
distance has been increased to improve the resolution at lower angle. The contrast in the central 
square section in C was optimized to emphasize a small-angle scattering ring (arrow) that likely 
corresponds to the average thickness of individual crystalline lamellae. In (A) and (B), there is 
no such ring and only diffuse scattering was detected. 
 
 
 

 
 
Figure S5. XRD patterns (laboratory set-up) of hydrated samples of the new V-type allomorphs 
prepared by crystallizing amylose in the presence of napht-1-ol (A – DP2500), salicylic acid 
(B – DP2500) and quinoline (C – DP80), focusing on the low-angle region extending to 2q = 9°. 
By comparison with the patterns shown in Figure 4A,F,I, the sample-to-detector distance was 
increased to improve the resolution. The contrast in the central square regions was optimized 
to emphasize small-angle scattering rings (arrows) that likely correspond to the average 
thickness of individual crystalline lamellae. In (C), there is no such ring and only diffuse 
scattering was detected.   
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Table S2. Observed and calculated diffraction angles (2θ) in XRD profiles (laboratory set-up) 
of Vsalicylic acid crystals and corresponding Miller indices of the V8II and V8III allomorphs. 

 

V8II a  V8III b 
h k l 2θobs (°) 2θcal (°)  h k l 2θobs (°) 2θcal (°) 
1 1 0 5.43 5.42  0 2 0 6.09 6.09 
0 2 0 7.68 7.67  2 2 0 6.40 6.40 
2 2 0 10.88 10.85  -2 2 0 10.37 10.38 
0 1 1 11.86 11.86  4 2 0 10.93 10.92 
1 3 0 12.15 12.14  4 0 0 12.23 12.20 
1 1 1 12.45 12.47  0 2 1 12.73 12.73 
0 2 1 13.63 13.60  4 4 0 12.81 12.82 
2 3 0 13.90 13.84  -4 2 0 15.92 15.92 
2 1 1 14.11 14.14  2 6 0 16.53 16.52 
0 4 0 15.39 15.37  -1 5 0 16.87 16.87 
2 2 1 15.66 15.63  -3 4 0 18.27 18.28 
3 3 0 16.31 16.31  7 4 0 19.32 19.32 
1 3 1 16.60 16.55  4 8 0 21.85 21.82 
2 4 0 17.21 17.20  5 8 0 22.33 22.34 
2 3 1 17.84 17.85  6 8 0 23.13 23.14 
4 1 1 19.42 19.45  8 0 0 24.52 24.54 
4 2 1 20.56 20.58  8 1 1 25.89 25.91 
4 4 0 21.78 21.80  8 7 1 26.84 26.82 
3 5 0 22.54 22.48     
6 0 0 23.13 23.14     
2 6 0 24.46 24.41     
3 5 1 25.18 25.19     
1 6 1 26.04 26.08     
6 2 1 26.93 26.94     

 

a The dataset was indexed on basis of the tetragonal unit cell: a = b = 2.306 ± 0.002 
nm, c = 0.789 ± 0.001 nm. RMSE = !∑(2%&'( − 2%*+,). /01231456789⁄ 	 = 0.014. 

b The dataset was indexed on basis of the monoclinic unit cell: a = 3.245 ± 0.006 nm, 
b = 3.246 ± 0.005 nm, c = 0.793 ± 0.001 nm, γ = 116.62 ± 0.14o. RMSE = 0.028. 
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Table S3. Observed and calculated diffraction angles (2θ) in XRD profiles (laboratory set-up) 
and corresponding Miller indices of Vnapht-1-ol (V7III) and Vquinoline (V7IV) crystals. 

 

V7III (NAP1) a  V7IV (QN) b 

h k l 2θobs (°) 2θcal (°)  h k l 2θobs (°) 2θcal (°) 

1 1 0 6.37 6.37  1 2 0 6.27 6.29 
0 2 0 7.03 7.02  2 0 0 6.55 6.54 
1 2 0 8.81 8.81  0 4 0 10.76 10.75 
2 0 0 10.64 10.64  3 2 0 11.20 11.20 
2 1 0 11.21 11.20  1 0 1 11.70 11.72 
1 0 1 11.61 11.63  2 4 0 12.59 12.60 
1 3 0 11.81 11.81  4 0 0 13.12 13.11 
2 2 0 12.75 12.76  4 1 0 13.41 13.38 
1 4 0 15.04 15.05  3 4 0 14.58 14.58 
3 1 0 16.37 16.37  2 3 1 15.34 15.34 
2 4 0 17.68 17.67  0 6 0 16.16 16.16 
1 5 0 18.40 18.41  1 6 0 16.49 16.49 
2 5 0 20.60 20.62  4 4 0 16.98 16.98 
0 0 2 20.76 20.75  5 2 0 17.27 17.27 
3 4 0 21.36 21.35  0 5 1 17.55 17.57 
4 2 0 22.52 22.52  1 5 1 17.95 17.88 
3 5 0 23.87 23.87  3 6 0 18.95 18.94 

    5 4 0 19.65 19.66 
    5 2 1 20.63 20.66 
    0 8 0 21.59 21.60 
    4 5 1 21.99 21.98 
    6 4 0 22.52 22.51 
    5 6 0 23.10 23.11 
    7 2 0 23.68 23.68 
    1 3 2 24.28 24.27 
    3 1 2 24.83 24.85 
    4 8 0 25.34 25.35 

 
a data indexed on the basis of the orthorhombic unit cell with a = 1.663 ± 0.001 nm, 
b = 2.518 ± 0.001 nm and c = 0.856 ± 0.001 nm. RMSE	= 0.009. 

b data indexed on the basis of the orthorhombic unit cell with a = 2.702 ± 0.001 nm, 
b = 3.291 ± 0.002 nm. c = 0.786 ± 0.001 nm. RMSE = 0.019. 
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Scheme S1. Atom numbering in two contiguous glucosyl residues of the amylose chain. The f 
and y torsion angles across the glycosidic bond define the relative orientation of the glucosyls. 
f is defined by the atom sequence O5i-C1i-O1i-C4i+1, and y by C1i-O1i-C4i+1-C5i+1. The torsion 
w defines the orientation of the hydroxymethyl pendant group on the pyran rings and is defined 
by the atom sequence O5i-C5i-C6i-O6i, and is -60, 60 and 180° for gg, gt and tg respectively. 
 

 

 

 
 

Figure S6. XRD profiles of hydrated VNAP1 crystals as a function of mixing temperature of 
DP2500 amylose solutions with an excess amount of napht-1-ol. The crystals were formed on 
cooling down to room temperature. The mixtures of V7III and V8II allomorphs are described in 
Table 3 of the main manuscript. 
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Figure S7. XRD profiles (laboratory set-up) of hydrated VSAL crystals prepared from different 
amylose fractions in aqueous solution at different incubation temperatures. The mixtures of 
V8II and V8III allomorphs are described in Table 4 of the main manuscript. 
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Figure S8. XRD profiles (laboratory set-up) of hydrated VQN crystals as a function of DMSO 
concentration. The crystallization took place at 40 °C in a 0.1 wt% DP2500 amylose solution, 
in the presence of an excess amount of quinoline. The mixtures of V7IV and V8II allomorphs 
are described in Table 5 of the main manuscript. 
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Figure S9. Surfaces in the (a,b) plane (in gray) of the unit cells of the V7I (A), V7III (B) and 
V7IV (C) allomorphs of the geometrical models shown in Figure 6. Only the amylose helices 
have been drawn. They are stereoregular and the conformation of the hydroxymethyl groups 
has been fixed as gg in all cases for simplicity. Hydrogen atoms have been omitted for clarity. 
The model of V7I is based on the data from Le et al. (2021) and serves as a reference for the 
pseudo-hexagonal compact packing of the 7-fold helices. For better comparison, the gray 
rectangle in V7IV has been drawn to consider the same helix arrangement in projection as in 
V7I and V7III.  
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