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Report: 
We studied single bagworm (BW) fibers as well as longitudinal- and cross-sections from paraffin-embedded 
fibers. All samples were supported by Si3N4 membranes. Scanning nano X-ray diffraction (nanoXRD) was 

performed in transmission geometry using a monochromatic beam of =0.08158 nm, focused to ~250 nm (hxv) 

fwhm (full-width-half-maximum) with a flux of ~2*1011 photons/s. NanoXRD patterns were recorded by an 
Eiger 4M detector.  

 
Fig.1 Optical microscopy of BW fiber with overlay of nanoXRD probing positions. 

The optical image of a BW fiber with an overlay of probing positions is shown in Fig. 1. The averaged 
SAXS/WAXS pattern from 100 probing positions agrees to the SAXS/WAXS patterns obtained from fibers 
bundles1 (Figs. 2A,B). For typically 50 ms exposures we used rectangular probing meshes of 50-250 nm 
horizontal and 500-1000 nm vertical step-increments to limit radiation damage2. Hierarchical structural 
information is obtained from composite SAXS/WAXS images (called also “density maps”) as shown in Figs. 

2C,D,E. We also collected SAXS/WAXS pattern from 0.5 m longitudinal and 1.0 m cross-sections of single 
BW fibers embedded in paraffin matrix. The quality for the results is shown in this report for the longitudinal 
section. Indeed, the optical microscopy image shows two fibroin sections embedded in the paraffin matrix (Fig. 
3A). The composite SAXS image reveals contours of fibroin section and surrounding paraffin matrix (Fig. 3B). 
A single scan-line across the section reveals intensity modulated equatorial streaks which will be used for 
simulating the mesoscale structure. 

1. T. Yoshioka, T. Tsubota, K. Tashiro, A. Jouraku, T. Kameda., Nat Comm 10, 1469 (2019). 
2. C. Riekel, M. Burghammer, C. Ferrero, T. Dane, M. Rosenthal., Biomacromolecules 18, 231 (2017). 



 

 
Fig.2 A: Averaged WAXS pattern (5 s overall exposure) from probing positions on BW fiber (Fig. 1). Selected reflections indexed for 
silkworms’ lattice. B: SAXS-range of (A). C: Composite WAXS image based on pixels covering (200)/(210) reflections. D: Composite 
SAXS image based on meridional Bragg peaks (red rectangle in B). E: Composite SAXS image based on equatorial streak (green 
rectangle in B). The strong skin-layer scattering in (E) is due to a sericin layer. 

 
Fig.3 A: Optical image of two BW sections with 500 nm thickness. B: Composite SAXS image of (A) based on equatorial streak 
(green rectangle in Fig. 1B, Qmax=4.6 nm-1 pixel limit; 250vertx1000hor nm2 step-increments). C: One scan-line across BW section in  
(B) revealing modulated SAXS streaks. 


